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FOREWORD

This document has been transcribed and electronically archived, in 2004,

by Barry M.Martin, of the Wendover Arm Trust and formerly the Wendover Arm Group.

TRANSCRIPTION  NOTES

A photocopy of this document, which was originally typed on foolscap paper,

13" × 8½ " (330mm × 216mm), was obtained from Mr Robin Garrett,

the local British Waterways Board Manager in December 1985.
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Virtually all copies of this important historical document are now either

photocopies, or copies of copies, and during transmission generation to

generation have suffered degradation and become increasingly difficult to read.

Also most modern office photocopiers now use A4 paper, 297mm × 210mm,

thus making copying the larger foolscap pages even more difficult.
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The document has now been transcribed to A4 size format and stored

electronically as a Microsoft Word 2000 file.
The grammatical style prevailing in 1946 made use of long involved sentences.

The sentence structure has been maintained the same as the original to convey

the true meaning of Mr McGarey’s words.

The words are therefore exactly as Mr D.G.McGarey wrote them in 1946.
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Units

The units used throughout this document are Imperial Units, which may make reading difficult for `younger´ readers.

Distances

1 Mile







































 = 1760 yards

























 








= 5280 feet.

1 Mile







































 = 1.609 Kilometres
























= 1609 Metres.

Liquid volumes

1 Gallon




































= 8 Pints.

1 Gallon 



































= 4.538 Litres.

1 `Lock´ of water 



















= 56,000 Gallons



























= 254,128 Litres.

Weights and Measures

1 Ton
 







































= 20 cwt (hundred-weight) 









= 2240 lb (pounds)

1 Ton








































 = 1016 Kg (kilograms) 
















= 1.016 Tonne (metric tons)

Costs

Costs, wages and other expenditure listed in this document are

in £. s. d. (Pounds, shillings and `old´ pence)

Note -     Costs, as printed in this document, are relevant to the time they were originally

               written in the Grand Junction Canal Company’s Minute Books.

£1 















































= 20 shillings 
































= 240 (old) pence.

1 shilling










 
























= 12 (old) pence.

£1 















































= 100 new pence.

1 shilling







 



























= 5 new pence.

2.4 old pence

 
























= 1 new penny.

Designation

2d 















































= 2 old pence.

1/- 














































= 1 shilling.

2/8 













































= 2 shillings and 8 old pence.

£3 - 19 - 10d



 
























= 3 pounds, 19 shillings and 10 old pence.
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Tringford Pumping Station

                                                     Plan of Headings and Pumping Wells
TRINGFORD  PUMPING  STATION
Chapter
  1  -  The Wendover Arm and Wilstone Reservoir

The story of Tringford Pumping Station begins about 20 years after the opening of the main portions of the Grand Junction Canal, but a brief review of events during the Initial period is necessary to bring the later work into perspective.

At the outset, in 1793, it was decided to supply the 3 mile long Tring Summit and the descending flights of locks at each end, with water brought by an open feeder from springs at Wendover, a distance of some 7 miles, joining the main line at the northern end of the summit level.

These supplies were supplemented by local springs and surface run‑off in the Tring area; the Wendover feeder itself was actually constructed as a navigable branch canal.

Before the canal had been open many years, however, the increasing trade had shown that in dry seasons these sources of supply were insufficient to meet the requirements of the summit; a small reservoir was, therefore, constructed near Wilstone in 1802 to intercept and store the flow of local springs of some magnitude, together with surplus water drawn from the Wendover feeder during wet periods (e.g. the winter months).

The water thus stored was pumped back during dry spells into the feeder Arm, and so into the Summit, by means of a steam engine and pump erected on the side of the Arm at a point now known as Whitehouses.

The pumping shaft or pit was connected with the reservoir by a heading driven underground; the locations of the Intermediate working shafts can still be traced on the surface after ploughing by the markedly whiter areas resulting from the chalky subsoil then disturbed.

A few details of the engine are available; it was supplied and erected by Jonathon Woodhouse of Ashby‑de‑la‑Zouch and was capable of lifting 1,659,960 gallons of water per 24 hours to a height of 75 ft; that Is about 30 locks per day.

Woodhouse also contracted to erect the engine house, keeper’s house and smith’s shop, and the work was to be completed by August, 1802.

Chapter  2  -  The Woodhouse Family

The name of Woodhouse occurs frequently during the early history of the canal and it appears that Jonathon was one of two brothers, styling themselves Civil Engineers, who were in business as general engineering contractors.

John Woodhouse and his brother Jonathon were among the parties contracting to build the 1¾ mile long Blisworth Tunnel in 1802, but after getting into difficulties their contract with the Company was dissolved by mutual consent in 1804.

In 1805 we find that Jonathon Woodhouse was employed to drive the Wilstone engine, and in the following year he was pressing for immediate payment of an outstanding item of £104 - 18 - 0d for erecting it.

It would appear that after leaving Blisworth he became a full‑time employee of the Company, as in 1835 Jonathon is described as an engine attendant at Tringford.

In 1849 we find that "John" (? Jonathon) Woodhouse is retired at age 74 after 46 years' service, his wages a year or two previously having been raised to 6/‑ per day.

It would seem that Jonathon, a young man of 27 when we first hear of him, was not an outstanding personality, as although he supplied and installed the Wilstone engine, he seems to have been content to pass the major part of his life as a mere engine attendant.

In any case we know that Jonathon was succeeded by his son William, born 1814, and by probably two grandsons in the family tradition of engine men.

Chapter  3  -  Early Difficulties

Reverting to the works being constructed at Wilstone in 1802, it appears that the rapid progress hoped for was not achieved.

A report in November excusing the delay states that during the driving of the heading large quantities of water were tapped, and the springs flowed into the works so fast that it was impossible to make greater progress.

However, by June of the following year we find that the works were all completed satisfactorily, although there are indications that for a few months afterwards all did not run absolutely smoothly.

No details are given, but a number of reports were called for as to the working of the engine; it is possible of course that they were merely the result of natural anxiety on the part of the Committee over the well‑being of the infant Installation.

About this time leakage through the banks of the Wendover Arm began to be experienced, and although repairs executed In the spring of 1802 were temporarily effective, in the Autumn of 1803 the part of the Arm between Whitehouses and the Main Line was closed to traffic to enable further extensive repairs to be carried out.

The water was diverted into Wilstone reservoir at first, but the repairs took longer than was anticipated and do not appear to have been completed when the work was suspended in the early summer of 1804.

It is evident that during the major part of this time all the Wendover water must have been run to waste, once the Wilstone Reservoir was full.

A Mr Bevan of Leighton Buzzard was called in to superintend the repairs; we hear quite a lot of him afterwards in connection with various schemes of improvements in water supplies, and in the present case on the suspension of the works he submitted a scheme for a new reservoir to conserve the waste waters from the Summit.

Chapter  4  -  Marsworth Reservoir

The scheme was adopted in December 1805, and in 1806 this reservoir, now known as Marsworth Reservoir, was constructed in the valley between the Wendover Arm and the flight of locks on the main line of canal descending from the north end of the Summit.

The reservoir was intended for the purpose of supplying additional water to these lock pounds in order to keep the levels balanced during lockage operations, and received storage supplies by way of an overflow from the Summit during wet period, as well as from a small spring.

In 1810 a heading, shaft and steam pump somewhat similar to those at Wilstone, were constructed to pump water into the summit from this reservoir also in times of shortage.

No information is available as to the size, type or make of this pump, but, like the other, was probably of the single cylinder, single‑acting beam type then commonly In use for de-watering mine shafts.

Chapter  5  - Tringford and Startopsend Reservoirs

In 1812 the Canal Company obtained an Act of Parliament which empowered them to construct an additional reservoir on the Tring Summit capable of holding 1670 locks of water.

The main purpose of this storage accommodation was to supply water to the new Aylesbury Branch, shortly to be constructed under existing powers, but it was permitted that the water should, if desired, be supplied via the Summit level.

For this purpose a further pump was needed, connecting the new reservoir to the Summit, and it is in this pump that we find the nucleus of the now important central pumping station of Tringford.

Construction of the reservoirs ‑ two were actually provided - was commenced early In 1814, but it is evident that the demand for water was becoming pressing as we find that at the same time a temporary steam engine was ordered to be installed to lift water from yet another reservoir Into the Summit level until the new construction should be completed.

This was accordingly done, the reservoir in question being one already existing at Weston Turville, near the Wendover end of the feeder Arm; it was built early in the history of the canal mainly for storage of compensation water derived from surplus flows from the Wendover Springs.

Although intended only as a makeshift measure, it is believed that the Weston pump continued to be worked in dry periods for upwards of twenty-five years. 

Chapter  6  -  Tringford Engine

Meanwhile work on the new reservoirs was being pushed ahead, the one at the higher level, named Tringford, being commenced in April 1814 and the lower, Startopsend, followed a year later.

Headings were driven from the bottoms of the reservoirs to a new pumping shaft put down on the bank of the Wendover Arm, "at a spot determined by Mr Telford"; the heading from Startopsend passed beneath Tringford reservoir, with working shafts actually in the bed, and there made connection with the heading from that reservoir.

 Some of these working shafts were filled in on completion, others were brought up as inspection shafts above water level, but they all became cause of some trouble In after years when a considerably leakage began to take place by way of them from Tringford Reservoir.

The whole construction was finished in the summer of 1817, and earlier in that year, after preliminary investigations and competitive offers, a contract was placed with Messrs. Boulton & Watt for the supply and erection of a Steam engine to be installed in the new pumping shaft.

This engine was to lift water from either of' the new reservoirs as desired and was to raise 550,000 cubic feet through a height of 45ft in 18 hours, that is an output of just over 31/3 standard locks per hour.

The cost was agreed at £3,120 plus a further £80 for an auxiliary 6" pump, worked off the main engine, to dewater the shaft for the purpose of obtaining access to the clack of the main pump.

The configuration of Startopsend reservoir was such that one side adjoined the existing Marsworth reservoir, and, as water from the latter could be passed into the former and so could be pumped by the new engine, the need for the older engine, drawing only from Marsworth, disappeared.

The redundant plant appears to have been dismantled soon after the new station was commissioned, but there is no definite record of the fate of either this engine or the “temporary” one at Weston Turville.

Pending delivery of the pumping plant the erection of a suitable engine house was urged forward, the actual words of the instruction were that it was “absolutely necessary to use all possible dispatch”, and by April 1818 it was reported that the building was nearing completion.

Erection of the pump and engine followed shortly afterwards and before the middle of August the Committee were able to inspect the new engine and premises and pronounced then to be "in good order".

Chapter  7  -  Wilstone Reservoir No. 2 and Tringford Well

There is little record of the behaviour of the system for the next seven years, and it must be assumed that apart from the usual teething troubles the whole installation gave satisfaction.

All this time the older engine at Wilstone reservoir was still in service, that reservoir having been first enlarged by raising the banks in 1811, and then again in 1827.

Just before this we find a note that in 1825 Boulton & Watt were called in to inspect the engines at Tringford and Wilstone; they found them to be in good repair.

Then in 1835 an additional reservoir at Wilstone, equal in size to the already twice enlarged original, was proposed at a cost of £4,650; the capacity being about 1400 locks.

It was to be served by the existing engine, the driver of which, after the transfer of Woodhouse to Tringford, we find was J.Potter who received a wage of 21/‑ per week.

Construction was ordered and a start made in May of that year. At the same time a proposal to sink a new well at Tringford Pumping Station was likewise adopted, and construction commenced immediately.

The intended purpose of this well was apparently to enable the main pumping engine to draw water from the chalk when the reservoirs should be exhausted, and the new well was accordingly connected to the pumping well shaft by a short heading.

As this well would be entirely in the poorly yielding chalk marl at the base of the Lower Chalk the proposal was somewhat optimistic, and Is interesting to observe that, perhaps in consequence of experience gained on this occasion, all future schemes for wells and boreholes were invariably submitted to expert geologists for their opinion on the prospects of success.

Some water was evidently encountered, as a pump for dewatering the well had to be hired within a month of the start, but it does not appear that a quantity sufficient to keep the pump supplied was ever obtained from this source alone.

By December the sinkers had reached a stratum of “clunch” or strong clay, and work was stopped.

By this time also the 2nd Wilstone reservoir was almost completed, the finishing touches being carried out in January 1836.

Chapter  8  -  The Wilstone Heading

The history of Tringford pumping station now reaches a period of some importance after nearly twenty years of uneventful conduct, and several changes must engage our attention.

In November 1835 an inspection of the engines was ordered and enquiries were to be made as to the adoption of any of the recent improvements In steam engines; within two months a Mr James Sims was introduced as being able to suggest improvements resulting in a saving of 1/3 in fuel consumption ‑ their nature not, however, being specified.

In this short period, however, one of the Company’s Surveyors, Mr Holland, had sent In a proposal for constructing a new heading to put the Wilstone reservoirs into direct communication with Tringford Pumping Station at the new well shaft.

The Impressive advantages of this Idea were stated to Include, (a) the tapping of additional ground water in the half-mile length of the new heading, (b) the possibility of dispensing altogether with the Wilstone engine, “now nearly worn out", and its establishment, and (c) enabling all the water to be pumped from the Wilstone reservoirs, the existing heading not being low enough to do this.

This proposal was regarded as being a valuable one and steps were immediately taken to obtain the necessary consents from the landowners affected.

Six weeks later tenders were invited for the construction of the heading, but none being forthcoming it was carried out under a private agreement; the ingenious Mr Holland being presented with a gratuity of £100 by his approving Committee.

Chapter  9  -  Tringford Engine Reconstructed
While this new development was being pursued on the constructional side, the mechanical branch was also receiving attention, in response to the Committee’s Inspection and enquiries.

In February 1836 William Anderson made three alternative proposals for altering the Engine to enable it to cope effectively with additional duties, full details of which unfortunately are not available.

The last of the three, to cost some £1,760 was approved subject to the opinion of the recently Introduced Mr Sims, a copy of the proposals, therefore, being sent to him.

The well-known engineering firm of Hunter and English were also approached for advice.

Both referees appear to have reported favourably, as the following month a tender received from Hunter and English to do part of the work for the sum of £1,130 (as against £1,054 in the estimate) was accepted, while Sims was asked to place an order in Cornwall for two new cylindrical boilers in accordance with his advice.

Sims' report apparently contained some further valuable suggestions, in appreciations of which the Committee presented him with a gratuity of £100 on completion of the work.

No exact description of the alterations is recorded until in November 1836 Messrs William Anderson, Alfred Holland and Thomas Lake, three of the Company's Surveyors, submitted a joint report on the working of the improved engine.

This report cannot now be traced but by piecing together subsequent reports and references, it is possible to obtain a fairly complete picture of what was done at Tringford at this time.

To summarise the situation, it will be recalled that the original engine pit or pumping‑shaft was connected by a heading with the two high level reservoirs of Tringford and Startopsend.

The new well‑shaft was now to be connected by Holland's heading to the low level Wilstone reservoir, the two shafts being already interconnected by a short heading.

Whether the working barrel of the engine as originally Installed was deep enough to pump effectively from Wilstone at all we do not know, but it is clear that it could not draw from that reservoir when the water was much below its top level.

The main feature of the alteration was evidently to remove the barrel and bucket of the pump from the original shaft and re-install them at a lower level in the new well shaft, to retain the cylinder and condenser approximately in their original positions, and to turn the beam round so that, it again connected the cylinder to the pump; in short the old engine now worked in the new shaft.

It could thus draw fully from any one of the three reservoirs as desired, as with new boilers the engine was evidently considered capable of working at the increased depths without much, if any, diminution of output.
Chapter  10  -  Tringford  -  The Central Pumping Station

Work on all these items was pushed ahead rapidly, the reconstructed engine being put into commission, as already stated, in November 1836; the Wilstone heading also made good progress, although owing to the extent of the work it was October 1837 before it could be reported that "it could be finished in another 5 or 6 weeks if a portion was left unlined with brickwork”.

This was approved and pumping from Wilstone by the Tringford engine commenced on the 21st November, thus for the first time bringing the whole group of the Tring reservoirs under the command of the central pumping station.

Meanwhile a further extension of Wilstone reservoir was proposed, to hold 3500 locks, and approval was given to the landowners being negotiated with.

The centralising of all pumping duties at one point, with only a single pump available, appears to have brought home to the Committee the desirability of installing a second pump as a stand​-by.

This would not only provide security in the event of a breakdown of the main pump, but would enable overhauls and repairs to be carried out at regular intervals without Interruption of output.

Accordingly, when in December 1837, Messrs Hunter and English offered a second-hand pumping engine for £600 the proposal was at once entertained.

William Anderson reported favourably on its condition and its purchase was decided upon, Mr Sims being ordered, as in the previous year, to supply the necessary boilers.

It is not recorded at the time where this pump originated, but subsequent notes show that it belonged to the Grand Junction Water Works Co., that undertaking being originally an offshoot of the Canal Company.

The only question left open was whether the additional pump should be erected alongside the other at Tringford, or whether it should replace the 1802 engine at Wilstone (Whitehouses), “now worn out”.

This was speedily settled, however, when Mr Holland expressed his decided opinion that the first alternative should be adopted, and indeed it seems rather strange, in view of view of Mr Holland's previous representations, that the perpetuation of two pumping stations should have been seriously considered at all.

Chapter  11  -  The York Engine

It was, therefore, resolved that the new acquisition, which we shall henceforward call by its later designation of the “York” engine, should be installed in the original pumping shaft or “Old Pit” at Tringford, while we shall remember that the reconstructed “Old” engine was now working in the “New Pit”.

Before installation further improvements were decided upon "by which either (of the pumps) may be used for all purposes to which either is applicable".

These improvements seem to have comprised a separate low level heading to the "Old Pit" branching off from Holland's Wilstone ‑ New Pit heading, and the provision of extra depth to the new pump barrel to enable it to draw from Wilstone reservoir.

However, we shall see later that it was not practicable for the extra portion to be installed at this time, and for the first year or so the York engine must have been used only for drawing from Tringford and Startopsend reservoirs.

The modifications and new works were carried out by Hunter and English, whose tender of £898 compared with the provisional estimate of £955, but it is not clear whether these figures Included the purchase price of £600 or not.

The erection at the site was undertaken by Mr Sims, and the works occupied the summer months of 1838, being finished apparently before the end of August, when Sims was paid £80 for his part.

Immediately afterwards the construction of the third Wilstone reservoir was authorised, the tender of Mr Mackin​tosh being accepted in October, although it exceeded the estimate by £950.

Chapter  12  -  Labour and Fuel

When both engines had comfortably settled into their new duties, their superintendence was discussed; it is stated that labouring engineers were getting 30/‑ per week, while superintend​ents obtained 42/‑ to 50/‑.

It was decided that William Woodhouse, now 24 years old, acting as Assistant to his father Jonathon at Tringford, was competent to act as a Superintendent, and it was ordered that the wages of both Jonathon and William be raised to 6/‑ per day each, plus expenses.

Next it was resolved to carry out trials of various types of coals, and this was arranged to follow immediately on the bricking of the Wilstone heading, which was expected to be completed early in January 1839.

Several varieties of coals from different Midland Collieries were tried, and the amounts required to raise steam and to pump measured quantities of water were ascertained.

A report dated 13th February 1839 gives full details of the results of the trials, from which it appears that the most efficient fuel was Swadlincote Riddings 1 st. at 24/‑ per ton delivered. This required only

3 cwt to raise steam, and in 10 hours pumping, at the rate of 604 stokes per hour, only 20 cwt of coal was consumed.

The most economical proposition, however, was found to be the coal from Bagworth Colliery at 18/‑ per ton, as although the respective quantities were 3½ cwt and 26¾ cwt (the rate of pumping. being slightly lower at 592 stokes per hour) the fuel cost per 10,000 strokes worked out at 40/8d as compared with 45/8d for the better class coal.

As for quantity, about 175 strokes were required to pump a lock of water, so that the fuel cost of the more economic Bagworth coal was about 8½d per lock.
Chapter  13  -  A Chapter of Accidents

The course of events at Tringford did not always run smoothly, and in the next four years we find records of serious mishaps occurring to both the engines.

The first was the least troublesome, Mr Bouverie, the Chairman, reporting to the Committee in March 1839 that he had Inspected the Tring engine house and found that - “The lower pump rod of the old engine had been injured owing to want of firmness of the pipe in which It worked”.

Hunter and English were called in to attend to it, but the stoppage of the engine, which appears then to have been occupied in raising water “from Wilstone to the higher reservoirs which have no springs”, gave the opportunity of completing the work on the York engine.

It will be recalled that the new lower portion could not be installed while the Old Engine was at work, and this item was accordingly now put in hand.

In June 1839 Mr Sim made a report on the working of the now completed engine, and it is clear that the Committee were well satisfied, as in addition to his expenses and time, a gratuity of £100 was given to him.

In the following month Surveyor Anderson confirmed the excellence of the new engine, but recommended that a sluice be erected between the two engine pits, evidently to enable either of them to be completely isolated in case of need for repairs or attention to the clacks.

Just a year later, in July 1840, it was reported that the pump trees of the Old Engine had given way in consequence of the foundations having sunk.

The Surveyor was of the opinion that the damage could not be repaired until a culvert for tapping the engine pit had been completed ‑ evidently for the purpose of completely dewatering it to give access to the foundation beams.

Mr Bouverie had retired only a few weeks previously, and the new Chairman, Sir Francis Bond Head Bt. determined to secure the best outside advice and so called in Mr Cubitt, asking him to inspect and report upon the damage at the earliest opportunity.

This he did on the 25th July, in company with Sir Francis, and a report of their findings was made on the 12th August, from which it appeared that the whole masonry of the pit had sunk 4½" at the rate of 1/8" every 12 hours of working.
It was further stated that the paddle (i.e. sluice) for excluding the supply from the Tring reservoir was completely defective.

Cubitt recommended (a) that Tringford reservoir should be worked dry by the small engine (i.e. the York engine), (b) that the defective paddle should be repaired, and (c) that by means of a 12" pump the sump should then be emptied of water, which remained in it from Wilstone.

Only when these things had been done would he be enabled to determine the cause of the sinking of the pump trees. Orders were at once given to proceed accordingly.

A month later Cubitt made a further report after a second inspection.

He found that "the brickwork interposed between the foundation of the engine pit and the bearing plates of the pump had been gradually crushed into fragments by the repeated blows of the clack valves, and also by the concussion at every stroke of the engine of a column of water weighing about 14 tons".

To repair the damage it would be necessary to take out‑the whole of the pipes, pump, clack box, bearers etc.; on receipt of this Information the Committee ordered the dismantling to be put in hand. Mr Sims was also asked to inspect the work with a view to diminishing the violence of the blows after reinstatement.

No details of what was eventually done by way of alteration or improvements are recorded, but the repairs appear to have been completed before the end of the year, when Mr English reported on the working of the "new patent clack" on the engine.

(It is possible, however, that this refers to the York engine as finally installed).

In April 1841 two old engines lying near Wilstone were ordered to be sold. These comprised apparently the original 1802 Whitehouses engine (nearly worn out in 1836) and (probably) the temporary engine installed in 1814 at Weston Turville reservoir, which was second-hand then, and now no doubt considered unnecessary.

The second engine, however, may have been the one erected at Marsworth in 1810.

Chapter  14  -  John Lake

In the same month we find the first report concerning Tringford Pumping Station made by John Lake, a young man of 25, who had recently been appointed Surveyor of the Southern District of the canal. (Lake's father, Thomas, was at this time Surveyor on the Northern District, and his Uncle William was of the same profession, living in or near Tring, and practising privately.

It is evident that John Lake was a clever Engineer of bold and independent ideas. After one or two clashes with the Committee he settled down as a most useful and trusted official, eventually taking over the Surveyorship of the whole canal. His health in later years was poor and in spite of having had a prolonged leave of absence he died in November 1864 when only 48 years of age).

The subject of this first report was a proposal to fit one of Harvey & West's patent clacks to the other engine at Tringford, in view of its successful application to the one, and that both engines should be supplied with patent buckets.

This suggestion was approved by Mr English, by one of Lake's colleagues, also by Jonathon Woodhouse, and was accordingly ordered to be carried into effect. A note of September shows that the patent buckets were being fixed under Woodhouse’s direction.

With the removal of the old engine from Whitehouses and its falling into desuetude as a pumping station, it was decided to convert the old buildings into a dwelling house, and William Woodhouse entered into occupation of it in April 1842. Jonathon appears to have been living at the house at Tringford Pumping Station throughout.

Chapter  15  -  The Accident to the York Engine

The third and last of the mishaps to the engines occurred at the end of October 1843, John Lake reporting to the Committee on the 1st November a serious accident to the New (York) engine.

A fortnight later Sir Francis Bond Head reported the result of his own inspection as follows: ‑ "The nuts which hold down the bottom clack, the washers under the nuts, and the washer under the cross bar, having been worn by the tremulous working of the engine, the cross bar slacked, turned round and fell over into the doorway of the clack seat, one end of the cross bar thus getting under the bottom clack allowed the water in the barrel to escape below the working bucket. The whole weight of water above, amounting to about 9 tons, caused the beam to descend through the empty barrel so rapidly that the crosshead crab frame and catch pin bolts broke, in consequence of which the cast iron catch pin weighing 25 cwt fell into the working barrels, two of which it cracked, broke the working bucket into several pieces, and ruined the patent clack beneath”.

It was also stated that the necessary new parts had been ordered.


This report was followed three weeks later by another from John Lake pointing out that “the accident had disclosed a most serious defect in the construction of the heading, namely that all water from Tringford and Startopsend reservoirs has to pass through the new (York) engine pit (i.e. the original pumping pit) in order to arrive at the Old (engine) pit, in consequence of which no steps can be taken to repair any accident occurring to the new engine so long as the Old engine is working from these reservoirs”.
It will be remembered that the original heading connected the reservoirs, via an isolating paddle, to the pumping pit now accommodating the York engine.

It was recommended, and ordered accordingly, that an additional heading some 40 yards long should be constructed from the paddle pit, on the heading just outside the pumping station, direct to the pumping pit of the Old engine.

The new heading thus completed the facilities necessary to enable either engine to work from either group of reservoirs independently of the other.

Very rapid progress was made in driving the heading and it was finished in four weeks. At the same time, it is presumed, the original short heading interconnecting the two pumping pits was sealed off.

A fortnight later, in January 1844, the repairs to the engine were finished and it recommenced working. The two cracked barrels were hooped and not replaced by new ones.
Chapter  16  -  The New Broom

Nothing worthy of comment seems to have taken place for several years after this series of accidents, until Sir Francis Bond Head was succeeded in June 1847 by Thomas Grahame Esq., as Chairman.

It appears that this change represented the climax of a series of disagreements on policy within the Committee, and as a result new lines of action were immediately adopted.

Within a week a report of the costs of working the engines at Tringford for the past year was called for and it is perhaps significant of the need for a change in methods that the full information desired could not be provided.

The report confesses that the number of days and hours of working could not be ascertained as no account had been kept by the attendant.

The working was Irregular, and not always at full power, depending on the state of the supplies, and the incidence of trade. It was, however, stated
that the total number of locks raised from 1.6.46 to 1.6.47 was 13207, the amount of coal used being 716 tons.

The cost of the coal per ton was made up as follows: - Price at pit 5/8d, Tolls on canal transport, Ashby Canal 32 miles, 1/‑, Coventry Canal 3 miles 11d, Oxford Canal 24 miles 2/9d, Grand Junction Canal 57 miles 4/4½d, plus haulage 5/4¾d, making a total of 20/1¼d, from which could be deducted the self toll of 4/4½d, leaving a net cost to the Company of 15/8¾d delivered at Tring.

Bearing in mind that these figures represent the actual working average over a year for both engines, it is interesting to compare them with the fuel trials of 1839 carried out under test conditions.

Then the Bagworth coal gave 220 strokes per cwt, required 0.80 cwt per lock, and the fuel cost was 8½d per lock; now the figures were 150 strokes per cwt, 1.08 cwt per lock and a fuel cost of 10¼d per lock.

Following this report it was ordered that a daily account of the working of the engines was to be kept.
Chapter  17  -  Sundry Incidents

As already mentioned, Jonathon Woodhouse retired in January 1849 at the age of 74 after 46 years' service with the Company. His son William, now 35 years of age, succeeded to his father's position, and from a note nine months later we find him to be in charge of one assistant and two firemen.

In addition, there was a smiths shop with two smiths and two strikers, but as there was not sufficient work to keep them occupied about the pumps for more than one day per week, it was ordered that the establishment be transferred to the Company’s central maintenance depot and works recently established at Bulbourne, on the Tring Summit.

The same note gives the gratifying information that both the engines are in excellent order, one working day and night, and the other during the day only.

The name of William Woodlouse’s Assistant is not given in this report, but in January 1850 it is mentioned that the wages of “John Woodhouse, assistant to his father, be raised to 2/6d per day".

Again a spell of silence falls on the history of the pumping station, until in 1857 John Lake submitted a report on some trials which he had carried out to determine the relative economic values of coal and coke, the former being represented by sea coal screenings at 10/6d per ton delivered. The cost of the coke is given at 11/6d per chauldron. The tests showed that the working cost of fuel was 1/2¾d per hour with the coal alone or 2/-d per hour with coke alone. When mixed in the proportion of 1 cwt of coal to 1 bushel of coke, the cost was 1/6½d or if equal weights were employed, 1/8d per hour.

An Interesting note of 1866 shows that a tender of Hunter & Co., amounting to £101, for reboring the cylinder of the Old engine, including provision of a new piston etc., was accepted. This appears to be the first rebore in 48 years' service.

Chapter  18  -  The End of the Woodhouses

In the same year the wages of William Woodhouse were raised to 40/- per week, apparently the first increase since 1838.

At the same time his son’s wager were raised to 23/- per week and the firemen to 20/-.

This son by the way is called William Junior, apparently a younger brother of John, who now seems to have left the Company’s service.

Eight years later William Woodhouse Senior, now aged 60, offered to resign in favour of his Son, in view of his eyesight and other faculties failing from old age, provided that an annuity be given him on retirement.

This proposal was unacceptable to the Committee, and indeed both father and son seem not to have found much favour in the sight of their superiors, as only three months later, in November 1874, it was resolved that Woodhouse be relieved of his duties, three months wages being paid him, to take effect immediately.

His son was not given the appointment, which instead went to Richard Leah, an ex-employee of the London and North Western Railway, and William Junior was informed that he would be relieved of his duties unless he agreed to go to Braunston at a reduced wage of 21/- per week.

Leah's wage at starting was the same as Woodlouse’s, 40/‑ per week, but this was raised to 45/‑ in 1880.

We have not heard quite the last of William Woodhouse Senior, however, as in January 1875 it was reported that he had been found removing ashes from the Engine Yard; this he claimed was a perquisite of 40 years' standing, the particular lot of ashes having been sold by him two months before leaving the Company’s service.

If William was not the man physically, that his father was, one may acknowledge his shrewdness

in detecting the direction of the Committee’s opinions in time to profit by it!

The Committee could only close the stable door by declaring that henceforth all perquisites should be dispensed with.

Chapter  19  -  New Boilers and Old Servants

In 1876 it was reported that the boilers required repairing, and in 1887 their condition had become so defective that tenders were ordered to be obtained for their replacement.

At the same time the question of the renewal of the pumps and machinery was also raised, “they having been in use since 1817”.

The boilers appear to have been those installed at the end of the 1830’s, and had, therefore been in use for 50 years. From competitive tenders that of Piggott & Co., for three boilers in the amount of £660 was accepted.

There is little of any interest recorded for the next twenty years, a note of an accident to the York engine in 1888 which caused no hindrance to the pumping however, and of Leah’s wages being raised to 50/‑ in November 1889 being all that was specifically minuted.

Sometime In 1892 Leah resigned from the post of Engine Attendant at Tringford, his successor being Frederick Mew, previously employed about the Station as a fitter.

Leah was re‑employed by the Company a few years later, working as a night lock‑keeper at Cowroast Lock until his death in March 1903.

Chapter  20  -  Gordon Thomas

After a further long silence the history of the Pumping Station once more arrives at a stage where major reconstruction is to be the order of the day.

The moving spirit on this occasion was the Company's Engineer Gordon C.Thomas, son of Hubert Thomas who succeeded John Lake as Surveyor in 1864 and became Clerk to the Company in 1891.

Gordon Thomas, like his two predecessors, was a man of ideas and energy, and was responsible for a number of improvements to the Company's resources until an unfortunate overstepping of his privileges led to his dismissal in 1916. 

Before that unhappy chapter was reached, however, he had completed a scheme of alterations not only to the plant at Tringford, but also to the system by which the Wendover water was conveyed to and used at the Tring reservoirs.

To follow the essential features of his scheme, first embodied in a report of September 1910, it is necessary to go back and trace something of the history of the Wendover Arm during the preceding century.

Chapter  21  -  The Wendover Arm Problem

It will be recalled that soon after the opening of the Wendover Arm considerable losses of water by leakage were experienced, and although extensive repairs were carried out in 1802‑4 as already described it became clear that they would not prove permanently effective.

Similar trouble recurred from time to time and there are records of more or less heavy repair work at intervals until in 1856-8 recourse was made to providing asphalt lining to the bed and banks.

This expensive work was only undertaken after very careful investigation of alternative remedies, and covered a lengthy portion of the Arm.

In spite of this it was only a matter of some fifteen years before further repairs were required, and in 1894-6 major works costing several thousands of pounds were again necessary.

It was becoming only too evident that to preserve the flow of water from the Wendover springs drastic measures would be needed, as at times the leakage was so great that, in addition to the whole flow from Wendover, water was actually flowing from the main summit into the Arm and being lost through the defective portions, instead of the Arm being a means of supply to the Summit.

The last few years of the nineteenth century were very difficult ones for water supply, several consecutive years had a rainfall below the average, and the continued loss of water from the Wendover Arm became increasingly serious.

It had become the practice to close the Wendover Arm to traffic in dry seasons, a dam being formed across the channel immediately above Tringford Pumping Station, and the water between there and Wendover was allowed to fall below the leaky top levels until it formed merely a shallow feeding channel conveying the supplies into the reservoirs via diverting sluices.

In 1896 this practice was recognised as being a permanent necessity; a stop lock was therefore constructed above the Pumping Station with the object of allowing traffic to pass beyond only when water was sufficiently plentiful, and of maintaining the difference in levels required for ordinary working when it was not.
The following year a proposal was made to cure the leaks once and for all by constructing mass concrete brick‑faced walls on both sides of the Arm to cover the defective portions - a total length of at least three miles of channel. The bed was to be provided with an asphalt-lined concrete invert.

It seems, however, that the heavy expenditure involved could not be afforded, at any rate nothing was done and the Arm was finally in 1898 allowed to remain closed to traffic.

In 1900 complaints were received from landowners and would-be traders about the failure to reopen the Arm, and in 1901 Lord Rothschild was informed that to do so would mean emptying the Tring reservoirs.

In 1903 it was again stated that the traffic would not justify the expense of re‑opening the Arm, and in spite of legal pressure being brought to bear the Company could not be compelled to alter their policy. Gordon Thomas proposed in 1904 that the Arm should be abandoned altogether between Tringford and Drayton Beauchamp, a length of about 1¾ miles, the water from Wendover being permanently diverted into Wilstone reservoir.

In addition a bad length of the Arm beyond Wellon Head Bridge was to be re-puddled.

This proposal although acknowledging defeat, as Wilstone reservoir could not usefully conserve more than a small proportion of the normal flow from the Wendover springs, was adopted, and for several years none of the Wendover water was run into either of the higher reservoirs.

It meant in fact that 75% of the average year's pumping had to be drawn from Wilstone Reservoir.

Such was the state of affairs when Thomas’s report of September 1910 first outlined completely new measures for the recovery of the lost resources.

Chapter  22  -  The Pipe Line

The starting point of the report was the condition of the engines and pumps at Tringford, which were stated to be in need of extensive repairs and alterations; this is perhaps not surprising after 93 and

72 years’ service respectively.

The average cost of pumping by the York and Old Engines for the year 1909 was given as follows: ‑
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Thus the average coal and coke consumption was 1.45 cwts per lock, a figure which when compared with the 1.08 cwts of 1847, shows at once the effect of the greatly increased amount of pumping now having to be carried out from the low level Wilstone reservoir.

Combined therefore with the suggestion of necessary alterations to the pumps was a proposal to bring again the Wendover water to Tringford by means of a 21" diameter pipe line laid in the bed of the abandoned portion of the Arm; the water would then be pumped at Tringford direct into the Summit by means of a new centrifugal pump and oil engine.

The whole of these works were estimated to cost £3,491, and in November 1910 authority was given to proceed.

Work was not started immediately, however, and it appears that Thomas used the Winter months to do some hard thinking and re‑planning, as in April 1911
he submitted a further report containing some important amendments to his original scheme.

Reading between the lines It would seem that the first scheme failed to take account of the very variable flow from the Wendover springs at different seasons, and it was a matter of extreme difficulty to design ‑ in those days ‑ an engine driven pump which would not merely cover a wide range of duties, but which would in its day by day and moment by moment output follow closely the varying quantity of water brought to the pump by the pipe line.
Chapter  23  -  The Diesel-Electric Proposal

The new report was both more satisfactory in this respect and more ambitious, in that it dealt with a wider range of proposals.

These comprised the scrapping of the York engine and it’s replacement by a unit‑system of diesel‑electric pumping plant capable of covering all the duties now envisaged, including the pumping of the proposed piped Wendover supplies.

Briefly the project provided for a new centrifugal pump driven by a 80 B.H.P. direct coupled electric motor 
and having a capacity of 21/8 - 31/2 locks per hour according to reservoir levels, to be placed in the old pump pit hitherto occupied by the York engine with alternative suction branches to draw from either Wilstone or Startopsend reservoirs as desired.

The Wendover pipe line was to be constructed at an estimated cost of £2,481-6-6d but would be

18" diameter instead of 21", and was to extend from the Drayton diversion sluice to a reception and gauging tank to be constructed near the pumping station at the top end of Tringford reservoir.

From this tank the water would fall down a "mixing" shaft about twenty feet deep into a new branched high level heading and culvert, one branch connecting with Tringford reservoir, the other leading to a 
new pumping well within the pumping station.

In this well another electrically driven centrifugal pump was to be installed, discharging like the first into the summit level, but drawing its supply through the new culvert from the Wendover water and the reserves stored in Tringford as required.

The size and output of this pump were to be similar to the other, but owing to the smaller heads Involved the speed was to be lower and the motor of 40.B.H.P. only.

The electric power was to be generated at 220 v. D.C. by two suction gas or diesel driven generators paralleled onto a switchboard with outgoing circuits to the new pumps and station lighting. The sets were to be of 100 and 50 nominal H.P. suitable for driving the high lift pump and the low lift pump respectively, but capable of working together if required.

The tender submitted by Rees Roturbo Ltd., for the plant was as follows : ‑
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The estimated fuel costs ranged from 2½d per lock when pumping from Tringford to 5d per lock from Wilstone, fuel oil being taken as costing 50/‑ per ton or say 2½d per gallon.

Including labour it was estimated that the total annual cost of pumping would be as follows: ‑
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It is evident that the low overall cost would be in a large measure due to the preponderance of pumping from the upper reservoirs permissible under the new conditions. The total estimated cost of the whole scheme, including plant and departmental works, was £8,000 and the saving of about 11d per lock, which it was estimated would be effected in the cost of pumping as compared with that of the existing plant, represented about 8½% on the proposed expenditure for an average year’s pumping.

It was also suggested that the future installation of a further 100 H.P. unit would allow for the ultimate replacement of the Old Engine also, thus making for the standardization of all plant within the pumping station.

In addition, it was pointed out, the full yield of the Wendover water would now be conserved for use in the Summit.

Authority was immediately given for the works to be put in hand "as soon as possible in view of the unsatisfactory condition of the York engine, on which the bulk of the present pumping falls”.

An agreement with Messrs. Rees Roturbo Ltd., for the supply of the plant was accordingly negotiated, the form of the contract being approved on July 12th 1911.

Chapter  24  -  Major Reconstruction

Of the two types of prime movers offered It was decided to adopt the diesel engines, as "they are stated to be safer and more convenient to work and less costly to maintain than the suction gas plants, while the average fuel cost for pumping by either system would be practically the same".

The new pumping well for the low lift Tringford pump was numbered 1, the original pumping shaft, now to house the high lift centrifugal pump, No. 2, while the New Pit in which the Old Engine still worked was called No.3.

All three wells were approximately equally spaced in a straight line parallel with the bank of the Wendover Arm, No. 1, being nearest the junction with the main line.

All constructional work at the Pumping Station, including culverts and headings, the new well, new buildings and alterations to the old ones, were carried out departmentally by direct labour, as well as the task of constructing the new 18" pipe line from Drayton to Tringford and the gauging tank there.

Work was commenced in the early summer of 1911 and finished, so far as the pipe line was concerned, in about 12 months.

On June 12th 1912, the works were inspected by the Committee and the water turned on; at the same time it was reported that good progress was being made with the new engines and pumps.

The exact date when these were started up is not known, but in July 1913 they were again inspected by the Committee, when all were seen to be working efficiently.

It appears that in order to maintain continuity of pumping as far as possible the York Engine was kept in commission until the No.1 Well was complete, the No.1 Pump and both generator sets installed, and In working order.

Only then was the steam engine dismantled and the new No.2 well pump put in.

As actually installed a refinement made was the addition of speed control on the pump motors so that the output, and therefore horsepower absorbed, at the higher reservoirs levels could be kept down.

The maximum output was thereby reduced to about 2¾ locks per hour on each pump, but by suitable operation the working output was usually kept at 2 locks per hour whatever the head might be.
Completion of the final details of the Rees Roturbo Contract was reported on the 8th October, 1913, no extra charges whatever having been incurred in connection with the contract.

Nothing further is reported concerning the working of the Pumping Station for over ten years, except that in 1918, when there was evidently some difficulty in obtaining diesel oil at reasonable prices, the Company's Engineer William Yates (who succeeded Thomas in 1916), recommended a system for adapting the diesel engines to burn tar oils at a cost of about £280. It is not stated, however, whether the proposal was adopted.

Chapter  25  -  Electrification 

All this time of course the Old Engine was getting older, and modernisation to provide effective alternative pumping plant was clearly desirable.


Within a few years after the War the possibilities of electric pumps taking power direct from the local Supply Company's mains were considered, and proposals for a bulk supply scheme were put forward in 1924.

These proposals provided, however, for the whole of the stations output being catered for by the main electric supply, and as this would have Involved a virtual scrapping of the diesel plant, less than twelve years old, no action was taken.

Two years later, however, Yates recommended the purchase of electrically driven pumps for Tringford to replace the Old steam pump, at an estimated cost of £ 2,052-10-0d, current to be supplied by the Aylesbury Borough Electricity Dept., at 11,000 volts at 1d per unit.

This proposal was approved in May 1926 and an order was accordingly placed for a pair of Rees Roturbo deep well vertical spindle pumps, each operated by a 55 H.P., 3 phase induction motor mounted on a control platform just below ground level.

The motors and driving shafts were arranged side by side in the well, but one pump was placed at the bottom of the well so as to draw from Wilstone Reservoir at any level, while the second was installed near the top.

When pumping from Wilstone both sets were required in order to develop the necessary head, the water passing through the two pumps in series.

From Startopsend, however, only one pump was needed, this being normally the upper one, but if a larger output was called for both pumps could be worked together in parallel from this reservoir.

Being constant speed sets the output decreased somewhat with a lowering of the reservoir levels, for example the two pumps in series would give 3,000 g.p.m. from Wilstone when at weir level, falling to 2,500 g.p.m. when 15ft below weir.

With one pump working on Startopsend the outputs covered a similar range, while the maximum output with both pumps in parallel from Tringford at weir level was 5,300 g.p.m.

According to levels the cost of electric power for pumping was estimated to vary between 1/2½d and 2/9d per lock.
In preparation for the new plant the Old beam engine and pump were broken up and sold for scrap, and various constructional alterations to the Pumping Station building were effected.

The great height previously needed to accommodate the beam was now much reduced, a new gauging and discharge chamber was constructed on the bank of the Arm outside the building, and a new motor and control platform built in No.3 Well below ground level with an access heading from No.2 Well.

On the platform were installed the pump stools with their thrust bearings, carrying the whole weight of the pumps and rising mains, together with the electric motors, starters and main switches.

Upstairs, at ground level, were housed the E.H.T. incoming circuit breaker cubicle with the Supply Department's meters for controlling the 11,000 volt supply, a 125 KVA transformer breaking down the supply to 380v, 3 phase, and the L.T. distribution panels and meters.

The final costs were somewhat above the estimate, being
£2,344 for the plant and  £1,948 for the constructional work, a total of £4,292.

The new plant was completed and formally opened by the Chairman and Committee on October 19th 1927, when everything is reported to have worked very satisfactorily.

It is understood that some attempt was made to preserve the 110 year old Boulton and Watt engine and pump, but none of the Museums approached was able at the time to provide the necessary room.

It appears that the materials and workmanship employed in its original construction must have been very good, as it is recorded that it gave very little trouble apart from maintenance repairs right to the end, the main reason for its replacement being the excessive cost of pumping due to its relative inefficiency.

Photographs of the plant being dismantled show that the main cast iron beam, some 25ft long, was hurled bodily out of the upper floor of the building, with the intention of making a good start on the breaking up process. So good was the iron, however, that it survived this treatment and the beam reached the ground undamaged!

It seems that the records of the old steam pumps must have been lost sight of when the new electric pumps were put in, as contemporary references to the age of the old plant are somewhat confused.

In Yates’ report of 1926 he refers to the need for ”replacing the old York Engine purchased second-hand from the Grand Junction Water Works Co., and erected in 1838”.

As we have seen, however, the York Engine, correctly described otherwise, had already been replaced in 1912‑3, and the engine now remaining to be dealt with was the original or Old Engine,

first erected by Boulton and Watt in No.2. Well in 1818, and re-erected in No. 3 well in 1836.

Again, on completion of the changeover, a memorial lead tablet was erected in the Pumping Station stating that the steam engine had been erected in 1803.

As we now know Tringford Pumping Station was not in existence until 1817-8, and the only engine erected in or before 1803 was that supplied by Jonathon Woodhouse at Whitehouses, Wilstone reservoir, which was “nearly worn out” in 1836 and sold for scrap in 1841 as previously described.

With the completion of the 1927 installation Tringford Pumping Station assumed the form which It has retained up until the present time; both Diesel‑Electric and Electric sets have been used regularly and although the former have lost their youthful vigour after 33 years' service they have accounted for a large proportion of the station's output each year.

In November 1931, Frederick Mew retired from the superintendence of the Station after nearly 40 years' service, and was succeeded by his son G.J. Mew, the present holder of the post.

As a result of dispensing with the steam plant the personnel needed to run the station had been reduced to a minimum and in place of the old 1st., 2nd. and 3rd. attendants, with firemen and resident black​smiths, only one attendant per shift was now employed.

This made it somewhat difficult to run the two diesel-electric generators in parallel on the same busbars, and in April 1933 it was suggested that the switchboard might be separated into two distinct sections by a division of the busbars.

This would have permitted the No.1 Engine and Generator to drive the No.1 Pump at the same time as the No.2 set was driving the No.2 Pump. 

The suggestion led to an examination of the condition and layout of the switchboard, which was found to require a complete overhaul with renewal of the fuse holders and circuit breakers.

Tenders were obtained but In view of the heavy pumping commitments during the drought period then existing it was not found possible to take the pumps out of service and the work was held over.

Chapter  26  -  New Tariff Proposals

By December 1934 the Aylesbury Corporation had ceased generating their own electric power and were taking a bulk supply from the Central Electricity Board.

They, therefore, proposed that the Agreement under which the Company purchased power at a flat rate (originally 1d per unit subject to a clause providing for adjustment with the price of coal) should be replaced by what was virtually a maximum demand tariff.

The coal clause had by mutual consent been commuted to a fixed tariff of 1.016d per unit in May 1934, but the new proposals allowed for a reduction to ½d per unit for all in excess of 200,000 per annum.

Against this, however, there would be a maximum demand charge of £5 per KVA measured during certain winter hours.

After some discussion and counter proposals it was finally proposed that a new agreement should be entered into for a period of 5 years, the demand charge being obviated by a time switch cutting off the supply at peak periods.

In consideration of the more favourable terms the Company were to agree not to use the Diesel‑ Electric Plant except for standby purposes and during peak periods.

In submitting a report in March 1935 recommending the new terms the Company’s Engineer,

Mr C. A. Wilson, appended a table showing the comparative use of the two types of plant during the period 1932‑4 as follows : -
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It was shown that to obtain the maximum benefits from the change-over It would be advisable to replace the motor on the No.1 Pump by an A.C. type to enable it also to be run on the Aylesbury Supply, but certain difficulties were foreseen in the operation of the set without the assistance of variable speed control as afforded by the D.C. motor.

It was, therefore, suggested that the services of Mr E.S. Woollard Moore should be retained to inspect and make a full report on the possibilities of the situation, he having been connected with Lee Howl & Co. Ltd., the successors of Rees Roturbo Ltd., and having had knowledge of the electric plant since its installation.

Chapter  27  -  Moore’s Report

Mr Moore accordingly inspected the station on the 16th May 1935 and obtained data as to the use of the plant; his report was issued on the 29th June and made the following points : ‑

1)  The high cost and inefficient working of the diesel plant when pumping from low reservoir levels. This was partly due to the large suction lift and tendency to draw air "on snore", and partly to the difficulty of priming the No.2 pump from Startopsend in the absence of a foot valve. This meant that the diesels could not be regarded as a satisfactory standby to the electrics under all conditions.

2)  If peak load restrictions were to be enforced the retention of the diesels was necessary.       In any case it would be advisable to do so for emergency running if the necessary staff could  be usefully employed at other times. For good maintenance they should be run for one shift a fortnight, but their full load outputs could only be taken at about 75% of their original ratings. Thus for full duty on No.2 pump both generators would need to be run together In parallel and the switchboard should be overhauled for parallel working. Both pumps when tested showed a falling off from their original efficiencies, and should be overhauled with new eye rings and bushes.

3)  On the question of converting No.1 Pump to A.C. operation the existing pump would require a variable speed A.C. commutator motor, to suit its designed output characteristics, or alternatively the existing D.C. motor could be retained and supplied from the A.C. mains through a rectifier or motor converter. After comparing costs and efficiencies it was recommended that a new direct-coupled pump and 40 H.P., A.C. motor should be substituted, the cost being estimated at £250 ‑ £300, exclusive of cables and pipes etc. If it was intended to work this pump at the same time as the No.3 electrics an enlarged transformer would be required.

4)  The whole of the existing installation had been well maintained, and it could be expected that the generators and motors of the diesel plant would be good for another 8 - 10 years; the pumps likewise if fitted with new eye rings and bushes. At reduced loading the diesels should last for a similar time, but repairs would tend to become more expensive. The electric plant should last for another 15 years, but the shaft bearing bushes and sleeves would probably require renewing in (say) 2 years' time.

This report was carefully studied, and consideration was given to fitting a foot valve on the Startopsend suction of No. 2 pump to facilitate priming. To do so, however, would have meant pumping out the paddle pit outside the pump house; it was suggested that the opportunity should be taken to reline the pit and refit the paddles, as they had not been accessible for twenty years.

In the end, however, no action was taken in this 
connection, and none of the other measures recommended was implemented.
Chapter  28  -  Tariffs Reconsidered

Arising out of the report, however, further representations were made to the Aylesbury Electricity Department and ultimately, in April 1936, a new offer was made embodying a two part tariff based on the charges made to Aylesbury by the C.E.B. as follows: -

A demand charge per KVA of maximum demand of £2 - 10 - 0d in excess of the C.E.B charge, then £3 - 8 - 8½d per KW, measured in November ‑ February inclusive; all units consumed to be charged at 0.20d in excess of the C.E.B. charge, then 0.23d but providing for a coal price clause.

The agreement was to be for 5 years and provide for a minimum annual payment of £400.

The diesel sets were not to be run at all except by arrangement with the Corporation.

In June the station was inspected and the proposals then discussed with the Corporation Electrical Engineer, from which it appeared that the terms offered were more favourable by 0.05d per unit than those usually given to large consumers.

On examination it was seen that, taking the future maximum demand as 130 KVA and the total annual consumption as 456,000 units, the charges for electricity would amount to £1,590 per annum, equal to an all‑in charge per unit of 0.837d.

This was, of course, a considerable saving over the existing flat rate of 1.016d, but taking full labour charges into account the overall costs would have been increased by £114 In the year, even after allowing for repairs needed to the diesel plant.

Another feature which was not regarded as altogether satisfactory was the virtual prohibition of working the diesels, and it was felt that the Company should be left free of any engagement in this respect.

After consideration, therefore, nothing was done and the fixed flat rate tariff was retained.

A final suggestion was made, however, that it might pay to bring the Wendover supplies to the Pumping Station by a new open channel with as small a fall as possible, and there pump the water direct into the summit by an electric pump at very small cost.

This idea had in fact been anticipated by Gordon Thomas as far back as 1903, and for the same reason was not taken up on either occasion; the heavy cost of the new channel would have largely outweighed any saving in pumping costs.

Chapter  29  -  Interim Measures

Although no alterations were put in hand as a result of the recommendations made by Mr Moore the condition of the diesel sets was not lost sight of, and in September 1940 the Engineer again reported that early consideration should be given to their replacement, or to a changeover to Aylesbury power.

A further report of December 1941 set out the normal mode of using the reservoirs as follows : ‑

When water is plentiful pumping is mainly from the higher reservoirs using the Diesel units; a margin of storage is kept available in Wilstone as far as possible, however, to received winter rains, which would otherwise run to waste.

At the same time it is necessary to keep Tringford reservoir full to meet any sudden demands in the summit, as It is then possible (by means of No.1 Pump) to add quickly to the rate of pumping if Startopsend and Wilstone are already being drawn upon.

The electric pumps remained untouched since their installation in 1927 until 1939, when the deep or `A´ pump with its rising main and internal driving shaft was withdrawn for inspection.

The pump was found to be in very good order, and the shaft bearings had worn well; the bearings and sleeves were renewed and the unit reassembled.


In view of this satisfactory result the upper or `B´ pump was left until 1943 when it too was dismantled and over​hauled similarly.

The total cost of the two overhauls amounted to less than £200 and apart from this there has been no expenditure on major repairs during the whole period of continuous operation of the plant.

The tariff question for the Aylesbury power supply was again raised at the end of 1943, an application being made in September for a reduction in price in view of the increasing use being made of the electric plant.

The Borough Electrical Engineer was interviewed on the matter but while he was willing to agree to a block tariff, permitting a progressive reduction in price per unit for each successive 200,000 units per annum consumed, he insisted on the coal price clause being again made effective throughout the whole scale.


The effect of this was to offer a slight reduction in the overall unit rate at existing coal prices, but to cause an increase as soon as the price of coal rose by another shilling or so per ton. 

As it was felt that such a rise was soon to be expected, the offer was declined and the original tariff continued to apply.

Chapter  30  -  Recent Developments

It will be seen, therefore, that in spite of a great deal of careful investigation and consideration of various measures, very little in the way of alterations to the station had actually been carried out

from the installation of the electric sets in 1927 until the prolonged drought period which commenced in 1942.

This period, coinciding as it did with the incipience of Government Control, became the occasion for effecting a number of improvements recommended by the Engineer and approved without delay by the Board.

These can broadly be divided into two classes, firstly various works of repair to the reservoirs, feeders, headings and wells, and secondly the installation of new automatic electric pumps for the Wendover Supplies, together with a revision of pumping policy generally.
With the rising prices of labour and materials during the war the cost of running the diesel sets was becoming less and less favourable as compared with the electric plant, and having in mind the increasing age of the former it was desired to relegate them as far as possible to standby duties only.

The most promising and economical method was clearly to Install a pump to pick up the water arriving at Tringford via the Wendover Pipe Line and discharge it direct into the summit (so obviating losses from evaporating or percolation in the reservoirs during storage), somewhat on the lines of Gordon Thomas’s 1910 plan.

This pump would deal with a quantity of water at least equal to that hitherto handled by the diesel sets, leaving the 1927 electrics to draw from any one of the reservoirs as required to make up the balance of output.

On the question of motive power a choice hardly needed to be made, electric power was already available at favourable rates, no additional labour would be required, and for general convenience and a minimum of maintenance no other form of power supply could compete.

In addition, it was felt that throwing the whole load of the pumping station on to the Aylesbury Supply would be a weighty factor in negotiating more favourable tariffs when conditions reverted to normal after the war.

On the other hand the diesels would still be available for use in case of a failure in the main supply, although for the time being of course there need be no arbitrary restrictions on their use.

With this in mind the long deferred step was taken in 1943 of dividing the D.C. busbars to enable both the diesel sets and pumps to be run simultaneously and independently.

In the first place, however, it will be convenient to describe the various other works, carried out in 1943 and 1944, which were undertaken with a view to effecting necessary repairs and in order to reduce certain leakages of water between the reservoirs.
Chapter  31  -  Repairs and Reinstatement
By a comparison of inflow and pumping demand, Tringford reservoir had been found to show a considerable loss of water week by week; a large proportion of this was traced to water finding Its way through the reservoir bed into the Startopsend heading.

It has already been mentioned that when this heading was constructed in 1814‑1816 a number of working shafts were made within the site of the upper reservoir.

Two of these, which had been retained as access and inspection shafts with manholes above water level, became defective, with water entering through the brickwork joints over a wide range of reservoir levels.

A portion of the heading under the reservoir, near the site of an old filled‑in working shaft, had collapsed in 1935 and had then been repaired by excavating from the surface and reinstating with precast concrete segments.

Swallow holes leading into some of the other filled‑in shafts were now located, the largest could be seen drawing off appreciable amounts of water.

All these defective places were exposed by excavation when the reservoir was low, and were made good with concrete to check further losses.

The opportunity was also taken of reinstating the sluice connecting the lowest portion of the reservoir to the Startopsend heading and so to No.2 Well.

This sluice (which was the one reported as being completely defective in 1840) is the only means of drawing the reservoir down more than about 10ft below weir level, and had been out of action for many years; after repair the grip leading to it from the bottom of the reservoir was cleared out and flexible-jointed concrete tubes laid in to preserve a clear waterway.

A certain amount of clearing was also done to the high level grip leading via the branched culvert and heading to No.1 Well, by means of which the reservoir is drawn down for the first ten feet below weir level.

The next item was the discovery that the roof of the heading immediately on the No.1 Well side of the gauging tank was badly scoured, due probably to the turbulence of water continually falling down the 20ft shaft of the gauging tank, and a considerable volume of chalk had collapsed, causing a partial block in the heading.

It was found that the defective portion extended nearly up to a section, which had previously given way in 1934; this section had been reinstated at the time with concrete walls and roof, with a central access manhole to the surface.

The length now affected was accordingly opened up and reinstated with 30" concrete tubes; the removal of the collapsed material immediately resulted in an increased range of pumping levels being obtained.

Inspections of the two older pumping wells were also carried out, and in the case of No.2 Well a little thought and experiment showed that it was possible to prime the pump from Startopsend reservoir when the water level was below the pump, in spite of the fact that no foot valve was fitted.

During this period also the pumps Nos.1 and 2 were dismantled and overhauled.

At No.3 Well it was discovered that a continuous loss of water took place when the sluice from Startopsend reservoir was opened.

This was traced to the existence of defective brickwork in the lower part of the well, and to two timber kerbs having largely decayed, or rather become worn by water action.

When filled to the higher levels, the water escaped through these places and passed down behind the brick lining to the Wilstone heading at the bottom.

Repairs to the brickwork were carried out, after pumping the well dry with a small electric pump hired for the purpose, and the defective timbers were cut out and replaced with brickwork for the full thickness.

Finally the waterway well of the Wendover Arm outside the Pumping Station was opened up, in order to trace the location of faults by which water found its way into the building when the summit was at or near its normal working level. Several runs were traced and made good, and the interior of the pumping station now remains dry even at high summit levels.

Chapter  32  -  Tringford No. 4 Direct Pump

While these repairs were in hand consideration was given to the design of the new pump proposed for lifting the Wendover Supplies direct into the Summit at Tringford.

It will be recalled that this new pump was to provide something more than a standby to the older plant already installed in the pumping station; it was intended in effect to take over the basic duties of the station, partly in order to minimise the evaporation and percolation losses in the reservoirs, but also for reasons of economy.

One reason for the expected saving was, of course, the relatively small lift through which the Wendover water would be raised.

This lift is some 20ft only, as compared with a range of 25 ‑ 35 ft from Tringford Reservoir,

35 ‑ 50 ft from Startopsend, and 60 ‑ 75 ft from Wilstone.

The horsepower of the motor would, therefore, be correspondingly less than that of one required to raise a similar quantity of water from the reservoirs.

The difficulty foreseen, in Mr. Moore's report of 1935 (that a larger transformer would be needed if it were decided to change over the No.1 pump to Aylesbury Power) was in consequence obviated, as the existing transformer was capable of supplying such a motor, as well as both the existing deep well pump sets, without a risk of overload.

The essence of the problem was to provide a pump able to deal continuously and automatically with the variable rate of flow of the water delivered by the 18" pipe line.

Other salient features were the desirability of keeping the whole installation as simple and straightforward In operation as possible, to obviate the necessity for such incidentals as priming and periodical adjustment of output, and to obtain reasonably high efficiencies throughout the whole range of flow.

The maximum amount of water which the pipe line is capable of delivering was ascertained from past records to be about 1¾ locks per hour, or between 1600 and 1700 gallons per minute; this was found to agree closely with the theoretical capacity as calculated, from the pipe line dimensions.

The probable minimum flow could not be estimated with any accuracy, but from an examination of the record it was considered that in dry seasons it would be about ½ lock per hour, or say 500 gallons per minute.

Smaller flows might occur in drought periods, but it was intended that at such times the natural Wendover Supplies should be supplemented by pumping from Weston Turville Reservoir.

It was, therefore, decided that the normal flow-range to be dealt with by the new plant should be from about 1700 g.p.m. as a maximum, down to 500 g.p.m. as a minimum.

Chapter  33  -  Evolution of the Design

It was already clear that for ease of control, as well as for reasons explained above, electric power should be employed; the next point was to decide upon the type of motor, and especially its form of control, the most important factor being the choice between A.C. and D.C. equipment.

The former was inherently rather less efficient where large speed variations were required, but the latter would be more costly by reason of the need for a converter or rectifier.

At this stage It was felt that since duplicate pumps would be advisable for mutual standby purposes, in view of the continuous running proposed, the disadvantages of speed variation in an A.C. installation might be minimised by providing two pumps, of different sizes, one designed to cover the upper part of the flow range, and the other the lower.

As the rate of flow in the pipe line does not change rapidly, it was considered that no difficulty would be experienced in practice when operating on the middle part of the range, especially if a reasonable overlap between the outputs of the two pumps could be arranged.

Preliminary calculations on this basis showed a slight overall balance of efficiency in favour of A.C. Plant, and this system was, therefore, adopted.

Taking all the desiderata Into account a provisional scheme, including a system of control, was worked out for the purpose of obtaining competitive tenders from four well‑known firms of pump manufacturers, but these firms were also invited to submit alternative schemes based on any other methods of control which they might wish to recommend.

In the event all four firms submitted proposals based on the Company’s Scheme, although there were variations in detail and not all the components offered for the automatic control were very suitable.

By combining the best features, however, and elaborating the control system requirements of the Specification, an eclectic scheme was evolved which was put out to final competitive tender in 

May, 1944.

The successful tender was that submitted by the Harland Engineering Co., Ltd., incorporating automatic control gear to be supplied by the Watford Electric & Manufacturing Co., Ltd., and the

following is an outline description of the equipment as finally installed, the work being commenced in July, 1944.

Chapter  34  -  Construction

A new concrete and brick pump house was constructed alongside the gauging chamber at the outfall end of the Wendover pipe line and in it were installed two split‑casing horizontal spindle centrifugal pumps driven by direct‑coupled 3‑phase A.C. slip-ring induction motors. The floor of the pump house was laid well ​below the water level in the chamber in order to ensure that the pumps are "drowned"; this obviates any priming difficulties on starting up.

Sluice valves are provided immediately on each side of both pumps for isolating purposes, the suction pipes then connecting direct with the gauging chamber through bell mouthed openings formed in the brickwork. 

On the delivery side both pumps discharge into a common 9" cast‑iron main, in which a venturi meter is installed.

Beyond the meter is a non‑return valve and after this again a 15" rising main some 120 yards long leading to the summit level at a point adjacent to the Main Pumping Station. This main consists of reinforced concrete tubes with patent flexible rubber joints, which were grouted up after laying. A small distributing chamber is provided at the outfall in order to deliver the discharging water evenly.

As It was desired to run only one pump at a time, and to provide for the simplest possible means of changing over from one to the other when required, auxiliary reflux valves are provided on the discharge side of each pump.

By reason of the valve of one pump closing automatically as the other pump sends a flow of water into the common main, any danger of back flow through the idle set is effectually prevented.

It will be seen therefore, that either pump is immediately available for service merely by switching on, there being no need to prime or operate any valves before starting up or on closing down.

Chapter  35  -  Performance

The quantity of water pumped is governed solely by the speed of the selected pumping set, the speed being controlled by varying the amount of resistance in the rotor circuits of the slip ring motors.

Owing to the large size of the rising main the hydraulic friction losses are small, while the characteristic curves of the pumps were chosen to be fairly flat; a relatively small variation in speed thus produces an appreciable change in output.

The larger pump, having a maximum speed of 965 r.p.m. is designed to give about 1700 g.p.m. at that speed, falling to about 1050 g.p.m. at 855 r.p.m.

The smaller pump gives about 1300 g.p.m. at 965 r.p.m. down to about 400 g.p.m. at 855 r.p.m.

The rotor resistance method of speed control necessarily involves a loss of efficiency at any speed below the maximum.

On the other hand the hydraulic friction losses fall off as the flow decreases, and together with the inherent variation in pump efficiency at different outputs, it was calculated that the overall energy consumption per lock pumped would remain nearly constant over the major part of the range of each pump. For example the electrical energy required to pump one lock of water with the larger or `A´ pump is about 8.75 units at 1700 g.p.m.; 8.35 units at 1350 g.p.m.; and 9.25 units at 1050 g.p.m.

For the smaller or `B´ pump the consumption is about 8.25 units at 1300 g.p.m.; 8.50 units at 1000 g.p.m. and 9.50 units at 750 g.p.m.

With electricity at, about 1.05d per unit (i.e. on the L.T. side after allowing for service losses) this means that pumping can be carried out for an average price, excluding labour, of between 9d and 10d per lock in years of normal flow.

Labour in attendance and maintenance would add 1d to 2d per lock to these prices.

Even in drought years, when the flow may fall to less that 750 g.p.m. for lengthy periods, the gross cost, including a due proportion of attendance and maintenance charges, should not rise above 1/4d per lock.

Those figures compare with the average diesel pumping costs, from Startopsend Reservoir, or about 2/9d per lock or 3/6d per lock by the deep electric pumps from Wilstone, in recent years.

A detailed description of the electrical control apparatus would be too lengthy and perhaps not of sufficiently general interest to be included here.

Suffice it to say that the output of the pump ‑ which it will be remembered is governed solely by varying the operating speed ‑ is related to the amount of water arriving at the Pumping Station via the pipe line by means of a float‑operated differential rotor-switching relay.

If, for example, the flow should increase, there is a tendency for water to accumulate and build up a head in the suction chamber; this causes the relay to come into action so that the resistance of the rotor circuit is decreased. The motor thus speeds up, giving a greater output, and the excess in‑flow is absorbed; conversely if the rate of flow should fall off.

Between the maximum and minimum flows the pumping set thus regulates itself continuously to give an output practically equal to the inflow at every instant.

The larger pump will deal with the maximum quantity of water which can flow in the pipe line, but if it should be out of action for any reason the smaller pump can still be used, at maximum speed, any surplus water spilling over the relief weir into Tringford Reservoir.

If on the other hand the flow in the pipe line should fall below the normal minimum capacity of the pump in use, a special low‑range switch can be opened to enable pumping to continue at reduced rates if required.

Should the flow cease altogether a limit switch operates to stop the motor in​ order to prevent the pump drawing air.

The electrical controls are made as far as possible fully automatic, so that, in the event of a temporary interruption in the mains supply for example, the plant will recommence working as soon as current is restored, without the need for any action on the part of the attendant.

The venturi meter installed in the rising main is connected to an electrically operated recording flow‑meter. This not only shows the rate of pumping at any instant and records the changing amount continuously on a weekly chart, but it also integrates the flow and shows the total to date on a dial, in the manner of the mileage total on a car speedometer.

An electricity meter Is included on the local switchboard, and suction and pressure gauges on the pumps, so that complete checks can be kept on the performance and efficiency of each pump wherever necessary.

Chapter  36  -  Completion

The first working tests of the complete equipment, which took place early in May 1945, were very satisfactory, and showed the automatic control apparatus to be functioning entirely in the required manner.

Differences between calculated and actual pump outputs were found at first, due to the friction heads of the pipework being rather less then those estimated, and a certain amount of adjustment was needed to bring the pumps exactly to the specified ranges.

This did not affect the useful working of the plant as a whole, however, and apart from occasional stops to make further tests and alter the impellers the new pumps have been in continuous service since they were first started up.

Clogging of the impellers by weeds was experienced at certain seasons and to prevent this recurring improved screening arrangements are being provided at Drayton at the entrance to the pipe line.

Chapter  37  -  The New Policy

With the completion of the automatic pumps it became possible to modify the procedure hitherto employed for supplying water to the Tring Summit.

So long as the Tringford Pumps gave the cheapest means of providing the additional amount required over and above the natural summit

feeders, they were so used, with the consequence that the reservoir storage was drawn upon practically throughout the year.

In general It was always advisable to keep some margin of storage in the reservoirs to balance the supply and demand, and altogether the result was that full advantage of the maximum capacity of the reservoirs could seldom be obtained for storage.

The new plant provides a means of separating the normal Wendover supplies from the local reservoir feeders, the former being now wholly delivered by the No. 4 pump Into the Summit.

Any flood surplus is taken into the reservoirs  where, with the feeders, it forms a volume of stored water to be kept as a true reserve for use as and when needed.

Broadly speaking, therefore, the new policy comprises the use of the various water resources at Tring in the following order : ‑

(1)   Wendover supplies by No. 4 Pump direct to Summit.

   (These supplies are supplemented by pumping from Weston Turville Reservoir in dry periods).

(2)  
Water stored in Startopsend reservoir by one or other of the No. 3 Electric pumps.

(3)  
Water stored in Wilstone reservoir, by both No. 3 Electric pumps in series.

(4)  
Water stored in Tringford Reservoir, when available, by No. 1 Diesel Pump.

(5)  
No. 2 Diesel Pump as standby alternative to No. 3 Electric Pumps.

N.B.

Between stages (2) & (3) pumping at Cowroast & Northchurch Wells will normally be commenced, and at the later stage the Northern Engines would be brought into service to help supply the reservoirs. These pumps are, however, outside the scope of the present record and are not taken into account here.

The following Table has been compiled to show, in comparison with the actual operations at Tringford Pumping Station in three typical years, the results which it is calculated might have been expected if the latest resources had then been available.

( Continued on next page )

	1934

( Drought Year )
	1942

( Dry Year )
	1940

( Normal Year )

	Total Annual
 Quantities

In Locks


	As actually

used
	As with

new

procedure
	As actually

used
	As with

new

procedure
	As actually

used
	As with

new

procedure

	Summit Demand


	14350
	14350


	18500
	18500


	17350
	17350

	Reservoir Feeders

Wendover Supply

	7325

5375
	7325

5375
	7750

8625
	7750

8625
	13125

11750
	13125

11750

	Total Reservoir

Inflow

Pumped from

Reservoirs

Est. spilled

to waste

Net change

In contents


	12700

14350

---


	7325

8975

---
	16375

18500

  2475
	7750

9875

1000
	24875

17350

  7325
	13125

  5600

  5000

	
	- 1650
	- 1650
	- 4600
	- 3125
	+ 200
	+2325



	Est. saving

in storage


	---
	1475


	2325



	Pumped by :-

Diesels  1 & 2

Electric No. 3

Electric No. 4


	5600

8750

---


	---

8975

5375
	  6850

11650

---
	---

9875

8625
	8525

8825

---
	    850

  5000

11500

	Cost of Pumping

Diesels          @

Electric No.3 @

Electric No.4 @


	s.d.

2/9

3/6

 ---
	£

  770

1530

  ---
	s.d.

---3/3

1/2
	£

---1460

  315
	s.d.

2/9

2/8

---
	£

 940

1530

---
	s.d.

---2/8

1/-
	£

---1295

  430
	s.d.

1/9

2/6

 ---
	£

 745

1105

  ---
	s.d.

1/6

2/6

 10d
	£

  65

625

 480

	TOTAL COST


	 £  2300
	 £  1775
	 £  2470
	  £  1725
	  £  1850
	  £  1170

	Estimated savings in annual costs.
	£  525
	£  745
	£  680


Thus the story of Tringford has been brought to the present day - ( i.e. 1945 Ed.)

As one to the principal pumping stations of the whole canal its functions are essential to the continuance of traffic, and it is important that they should be performed efficiently and reliably.

Now after a life of one hundred and thirty years, it can still be said that these conditions are being complied with, and moreover that the reserves of plant and storage are stronger than at any time in its history.
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Tringford Pumping Station

Plan of Reservoirs and Headings

Drawn by D.G. McGarey in 1946
Original Scale  -  6 Inches to 1 Mile
Reproduced at Approx. Scale  -  5 Inches to 1 Mile  ( 8 cm to 1 Km )
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Tringford Pumping Station

Plan of Headings and Pumping Wells

Drawn by D.G. McGarey in 1946
Original Scale  -  40 Ft. to 1 Inch

Reproduced at Approx. Scale  -  46 Ft. to 1 Inch  ( 5.5 M to 1cm )
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Original Drawing Scale                 6 Inch to 1 Mile


Reproduced at Approx. Scale      5 Inch to 1 Mile
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