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CHAPTER 1 - tc  \l 1 "CHAPTER 1"INTRODUCTION

This is an account of the 13th Century conduit system that supplies the water flow at >St. John=s Church on the Wall@ in Nelson Street, Bristol.

Features extant in 2002 are described in as much detail as available knowledge and accessibility have made possible.

A survey and investigation was carried out by members of the Temple Local History Group, assisted by many people and organisations over the period July 1982 to August 1984 (see Acknowledgements).

CHAPTER 2 - ST. JOHN’S CONDUIT THEN AND NOW

In 1267 the Order of the Carmelite Friars, whose Friary in Bristol was on the site now occupied by the Colston Hall, decided to have water piped to the Friary from their spring on the side of Brandon Hill.  Records show that just over one hundred years later, in 1376, they agreed to grant the parishioners of >St. John=s on the Wall= a >feather= from their main supply.  (Note: A feather is a small branch pipe, just large enough , so the story goes, to accommodate a  goose quill, i.e. about one inch in diameter).  A photograph of the original seal and a sample of pipe are held in the Bristol Record Office.

Examination of the >Great Red Book=, (refs 1 & 2), an ancient record book for Bristol, for the 1st October 1376, confirmed that  plumber named Hugh White was required, at his own expense, to maintain the supply of water to the Quay Pipe, All Saints= Pipe and St. John=s Pipe, and provide one thousand feet of strong new pipe per annum.  He was then to be paid ten pounds per year, received from several houses standing on the bridge at Bristol, for his term o life, with the proviso that, if the supply failed for more than six days, he would b fined a year=s fee B the full ten pounds!.

To give an indication of the value of the contract to Mr. White, the Will Books for that century were examined.  They revealed that monies bequeathed in estates varied from twenty shillings (one pound) to forty pounds for a Burgess of the City.

Although the Carmelite Friary, the All Saints= and the Quay Head conduits are no more, the water from Brandon Hill is still routed to the conduit outlet at St. John=s Church on the Wall.

CHAPTER 3 - INTRODUCTORY NOTES TO THE SURVEY

For the purposes of this report, the convention of >looking down= Park Street is used, i.e:

North is to the left

South is to the right

West is to the top of the hill

East is to the bottom of the hill.

The Imperial System is used for all measurements.

All dates refer to >Anno Domini= unless specified otherwise.

Where information from previous accounts or surveys is used, a reference is given.  For full details of B.R.O. and other references, see Chapter 10.

Drawings, maps and photographs are also annotated as appropriate.

Enlarged copies of the drawings and maps shown in this book and which are held in the B.R.O, are available from Temple Local History Group.

Medieval period B for the purpose of this report/paper, the period is taken to be from Sub Roman AD 49 to AD 1500.

CHAPTER 4 - THE ROUTE, AUGUST 1984.

A spring fifty yards down from the top of Park Street rises in a well.  The well, on the south side of the street, was formerly in the front garden of a house.  AIt was ten feet in diameter, with stone seats around it.! (Ref. 3).  The well shaft is six feet in diameter, with a smaller parallel shaft at the bottom.  The well, approximately twenty feet deep, is now in the roadway and is capped of beneath the road surface.  At the bottom of the well shaft is a square cistern, approximately 6 ft x 6 ft x 6 ft. deep.

Judging from the undisturbed layer of silt on the bottom of the cistern, together with the steady flow of water over the rim, water must be percolating in through the side walls, below tank level.  This water then flows over the edge of the cistern tank and is channeled by a lead receiver into the three inch diameter lead pipe.  This pipe is lying partly buried in the floor of a tunnel leading down Park Street.

Twenty feet along this tunnel the roof opens out into another shaft, five to six feet square.  This ends beneath the road surface in what appears to be steel >chequer= plates  The appearance of the masonry and pointing of this very straight (perpendicular) shaft are modern.  Its age and functions, however, are not known.

To the right hand side is an entrance passage with the remains of steps leading up to the road surface, near or opposite No. 75 Park Street, at the corner of Charlotte Street.

The tunnel continues down Park Street, veering slightly to the left, followed by a straight run, after which it returns to the right.

In this section, the pipe is partially or wholly buried in a channel in the floor.  The channel is about two and a half pipe diameters, or eight to nine inches wide.  Due to a partial blockage of the pipe, water is also flowing in the channel alongside the pipe.  In some places, silting of the channel has forced the water to run over the surface of the tunnel floor.

The tunnel enters a square chambers which has openings in each of its four walls.

Set in the floor of this chamber is a small collecting trap, ten inches x eight inches x six inches, into which run the outpourings of the Park Street spring, both from the lead pipe and water from the tunnel floor, as referred to previously.

On the opposite (south) side of the chamber, a smaller lead pipe lying on the floor of its tunnel brings water reputed to be from the Brandon Hill spring.  It has not been possible to determine the exact route of this short tunnel and subsequent pipe.

On the west side of the chamber there is a short blocked off tunnel.  No pipe or conduit is visible in this tunnel, which ends in a blank wall after only thirty feet.

Prior to 1976 there was a simple >T= junction of the pipes in this chambers.  However, the City Engineer discovered a blockage between here and the well, and the trap to collect and direct the overflow was adopted as an economical solution.

In the face of there being no other evidence, the blanked-off section may have been a tunnel aborted due to difficulties encountered during construction, or a roof fall may have damaged the tunnel, or the tunnel may have subsided when it was built over.  Any of these possibilities could have resulted in a by-pass tunnel.  The plan view of the tunnels shown in Figure 1 shows that the tunnel coming from the Park Street spring/well does seem to skirt around this short tunnel.  The reasoning behind this possibility is explored in more detail in Chapter 7.

The possibility that a  roof fall damaged the tunnel is supported by observation of the lead conduit pipe.  The pipe leaving the well is of the earlier seamed style, whereas by the time that it reaches the junction chamber and collecting trap, the style is of the later extruded pipe.  Although it is probably not possible to find the transition join without excavation of the silt on the tunnel floor, a change in the tunnel walls may indicate a later addition.

The outlet from the collection trap in the floor, which combines the flow from the Brandon Hill and Park Street springs, (the Park Street spring provides the majority), leads into the open end of a three inch diameter pipe.  This pipe is laid in the floor of the tunnel continuing down Park Street.

After a distance of ten to fifteen feet, the tunnel again opens out into a chamber with a large pit in the floor.  This is filled with mud and debris and is covered over with builders= planks.  This pit is possibly one of the >dipping holes= referred to in the 1864 B.O.H. Report 4.

A few feet further onto the left is a short cross tunnel which is the present day (1984) entrance to the Park Street system.

In this tunnel, an eight feet deep shaft, with iron climbing rungs, leads to a square manhole set in the footpath outside No. 58 Park Street.  Although the present day entrance is via the pavement manhole, the existence of a blanked-off flight of steps (definitely not >winding=, as reported in Ref. 4), leading towards the shop premises, supports the idea of a locally accessible >dipping hole=.

Further support for this idea is given by the presence of pennant stone pads on the walls on either side of the entrance shaft.  These stone pads are still complete with iron hinge pins and striker plate.  It is assumed that a lockable gate or door was fitted at this position, at the bottom of the flight of steps  Remember, water was a precious commodity.  Above the hinge pins, on the wall, about six feet above floor level, is an iron hook.  Possibly this was used to hold a lantern when the householder or servant entered the chamber to get water for the household.

Closer examination of the hinge pins and surrounding masonry for signs of wear will be necessary to determine if a gate or door was actually fitted.

Re-tracing out steps back into the tunnel system, to our left is a smaller tunnel, 5 ft 6ins high, reducing after a foot to 3 ft. high.  This tunnel, leading down Park Street, is sixteen feet long.  At the entrance to it is a small three inch length of one inch diameter lead pipe, cut and blanked off (roughly bent flat), protruding from the left hand side of the floor.  This could be the remains of a short spur leading from the main conduit pipe, either for inspection purposes, or one of the illicit branch pipes installed by local householders and subsequently disconnected by the Trustees.

During the drought of 1865, the water flow at St. John=s diminished.  Upon inspection, one of the reasons for the reduced flow was found to be Park Street householders who had directed the water flow into their own branch pipes, or >feathers=.  (A >feather= being a small branch pipe).  This caused the author of a report in the newspaper of that day to refer to the householders >feathering their own nests@.  (Ref 3).

Passing down this tunnel at a stoop, it being only three feet high, one reaches a T-junction.  The left-hand branch ends after four feet in another blanked off flight of steps.  These could have led to the cellar of Number 56 or 54 Park Street.  Examination of the cellar walls of Numbers 79, 81, 58, 56 and 54 may reveal blanked off entrances.  Numbers 56, 79 and 81 would be the easiest to examine as they survived the blitz of World War II which razed most of the street.  The other numbered premises referred to have been rebuilt to a facsimile design (Ref 5a).  An advertisement for the Nell Gwynne Café, formerly at 56 Park Street, stated that due to the blitz, their premises were destroyed except for Aa few teapots and tins of fruit@.  Their shop re-opened within a month at 104 Whiteladies Road (Ref. 6b).

Turning through 180 degrees, and going along the other end of the >T=, the tunnel floor slopes down towards a cistern at the far end.  The floor is under water for half its length (at July 1984).  The mud tidemark along the tunnel walls indicates a change in water level of about nine inches, although the timescale of the variation is not known.  However, the floor at the other end of this section, at the base of the blanked off steps, is very muddy, with dried plates of red mud.  (July 19984).

The tunnel leading to the cistern, the other leg of the >T=, is four feet long.  Two feet along this tunnel the water depth is fourteen inches (2nd July 1984), just sufficient depth to overflow into one=s wellington boots.

The entrance to the cistern is an underwater ledge, and for this reason, it is dangerous to approach too closely.  The dimensions of this cistern were measured using a modern measuring instrument called a >Sonarange= and were found to be 19ft 6 ins by 9 ft. 8 ins.  Because these figures disagreed with previous accounts (Ref 6), the instrument was recalibrated and the measurements taken again.  The same results were obtained.  This indicates that unless there were hidden obstructions to the measuring beam, such as buttresses, these measurements are more accurate than those taken previously.   Subsequent enquiries have revealed that the previously reported dimensions quoted were the result of assuming that the earlier reports were correct.  It is possible, therefore, that this continued an earlier error.  Further work is planned to prove or disprove this.

Although the cistern was not entered, previous reports quote the depth as being six to seven feet, and that the conduit pipe leaves it by breaking through the masonry on the lower left of the chambers, towards the cellar of Number 56 Park Street.  (Ref 6).  The City Engineer=s Department representative reported that a manhole in the roadway, just above the junction with Great George Street, leads into the cistern, via "A sort of slipway or chute@.

The outlet pipe has been described (Ref 7) as being lead, three inches in diameter, with a one inch axial bead running along the top surface, as shown in the drawing (Figure 8).

Previous surveys state that the pipe (Ref 6), having entered the coal cellar (in 1909) (Ref 8), was enclosed in a subway.  Examination of the cellar of Number 52, a storeroom of George=s Fine Art shop, in March 1984, disclosed a boxed in ledge about five inches wide, running across the width of the cellar.  It is possible that the conduit pipe is enclosed in this.  No other signs of the conduit are evident.

In the cellar of Number 54, there were reported to be four stones marked AConduit Pipe@, two set in the wall, and two in the floor of the cellar (Ref.6).  These have yet to be checked.  However, the previous remarks concerning the possibility of surviving cellar entrances, may also apply.  (Ref 5).

AFrom here the pipe travels further down the street until at Number 44 it is 22 feet from the rear wall and 3 ft. 6 ins from the party wall of Numbers 44 and 42.@ (Ref. 6)

From this point, the route as shown on previous maps, including the City Corporation Drainage Department and the Scholar=s Map of Medieval Water Systems (Ref. 13), travels diagonally to Culver Street, via Hamilton Place.

The upper terrace o Hamilton Place at the rear of Number 36 Park Street, is shown to have a marked stone set in the wall.  The 1909 description (Ref 8) makes reference to going under steps, that is through the arch shown in Figure 18.  Six feet past this arch, set in the wall, is a large stone plaque on which, though very badly worn, portions of the words AConduit@ and APipe@ can still be seen (August 1984).

The 1909  report inexplicably refers to the words AMarsh Conduit Pipe@.  Figure 19 shows that this stone plaque has a semi-circular top which is set in the head of a brick arch in a surrounding wall of masonry.  Below this stone is what appears to be a bricked up entrance, whether alcove or passage has yet to be determined.  There is a small half-brick size hole at ground level which may be for drainage.  If it is a drainage hole, there may be another >dipping hole= or collecting cistern somewhere beneath Hamilton Place.  A representative of the City Engineer=s Department has stated that there was an alcove with a lead pipe visible, running vertically down the wall at the back of the alcove, through which water could be heard running.  This was in the 1960=s.  It may have had a tap fitted at some stage.  This is to be investigated further.

Hamilton Place formerly occupied by the now Folk House  and although the pipe was reported previously to run through the kitchen, 2 ft. 6 ins from the fireplace, it cannot now be traced.  (Ref 6).  However, their Secretary, Moira Cosgrove, drew our attention to a cupboard or small storeroom of to one side of the three steps between two rooms.  Due to occasional noises of water and dampness, beneath the floor of this room there is evidence of the conduit pipe or water system confirmed by removing the floor during building restoration.  

At the junction of Culver Street and Wells Street there was a square manhole, seven feet deep, which gave entrance to another section of tunnel which ran for 160 to 180 feet, with the conduit pipe visible from the tunnel floor.  The pipe then disappeared through the brick or rock face.  Most reports assumed that the end of this passage was somewhere beneath St. Augustine=s Church School and that the pipe continued under the school houses until it reached the square chamber in the footpath of Frogmore Street.  This chamber was reported (Ref. 7) to be 100 feet west of Leopard Lane, which has long since vanished, but the manhole must have been nearly opposite Orchard Avenue.

This chamber was reported to be between five and six feet deep and, interestingly, the 1865 map (Ref 9) shows there to have been a stopcock in this chamber.  This is the only previously documented mention of a stopcock along the route, and although the age of it is unknown, a possible reason for it would have been the proximity of the main storage cistern for the Friary.  It would have been helpful to be able to interrupt the flow to it for servicing or cleaning.

As an interesting aside, work carried out on the Redcliffe Pipe from the spring in Knowle, in preparation for the water maze in Victoria Park, led to the discovery of a similar stopcock.  Part of the Redcliffe Pipe Ceremony each September involves opening bleed valves at intervals along the route to check that water is flowing.  This has been carried out to the participants= satisfaction actually for many years.  However, the aforementioned work for the maze resulted in the discovery that the only water which had flowed out of the pipe each year was that which had seeped past a blockage, near the top of Windmill Hill, during the previous twelve months.  When he pipe-full of water had emptied, the flow had stopped.  After months of searching, a team of volunteers cleaning the silt out of the upper spring cistern during 1982, found a stopcock turned off.  One assumes that it was turned off when the bombing of World War II damaged he pipeline at York Road, and off it had been ever since.

The building of the New Entertainment Centre for the Rank Corporation required the re-siting of the pipe and, as a result, the route is now along in front of the new building.  The pipe, in modern pitch fibre, is laid directly in the ground.  It is understood that the tunnel was filled in as part of the building foundations.  Samples of the removed conduit pipe were in the possession of the late Leonard Nott.

The conduit pipe continues along Pipe Lane.  This is generally taken to be the first above-ground recognition by street name.  However, Mr. Hirst, in his report (Ref 6), refers to Culver Street as Culvert Street. 

There are thus two conflicting versions of the name of this street.  There is no disputing that there was a culvert beneath the street.  Indeed, some of the inhabitants remember at the turn of the century always calling it Culvert Street.  Mr. Hirst, the Architect, in 1931 referred to it as Culvert Street.  The present street name, Culver Street, is taken from 'Culver= or dovecote, and implies, therefore, that this is where the dovecotes for the Gaunts Hospital were situated, viz Orchard Street, Frogmore Street, etc.  Enquiries in  the Bristol Record Office have failed to produce any conclusive proof  that there was a dovecote there, other than the fact that it is called Culver Street.  Therefore, because >Culver; means >dovecote= there must have beenY..  This, although a minor matter, is a good example of how historical research can get lost in an etymological thicket.

In Pipe Lane there are two inspection covers, referred to as >Lamphole Frame and cover on it for inspection purposes.@ (Ref 6).  The City Engineers Department confirm that beneath there is a vertical >T; branch (inverted) with a bleed hole, in a small culvert.  The pipe section is in cast iron.

The 1909 report refers to a cover in Host Street as a Lamphole, although Mr. Hirst (Ref 6) calls an identical manhole, that outside Number 58 Park Street, as just a AFrame and Cover@ (Ref 8).  The term >Lamphole= derives from the Victorian sewers and refers to small, about twelve inches in diameter, covers beneath which there would have been a vertical shaft, leading down to the sewer, or in this instance, conduit, down which a lamp could be lowered for inspection purposes. (Ref 10).

A report has been received that on the corner of Pipe Lane and Frogmore Street, on the opposite side to the Colston Hall, at or near the point marked >S= on the plan, was a statuette of a female figure, set in a niche in the wall.  The figure was about two feet high, with a bowl beneath.  We were assured that it was not a fountain, but more like a Piscina, or stoop, and was thought to be connected with the Friary (the Carmelites), (Ref 11 and 12).  Subsequent information received indicates that it is more likely that the niche, now stored in the City Museum (Ref 13), belonged to the Hospital of the Gaunts (Ref 14), a view supported by David Dawson.

The pipe continues along Pipe Lane, originally in 1267 the end of the route, as the water supplied the main cistern for the Friary.  Although the location and size of the cistern is not known, one can be reasonably certain that it still exists somewhere in the vicinity.  Tests carried out by the City Engineer=s Department during the 1976 investigation involved putting tracer dye in the conduit system at the top of Park Street.  This took but a few minutes to reach Frogmore Street, but nearly four hours to reach Host Street, implying a large mass of water between the two points, excluding the Park Street cistern.  For a calculated estimate of the volume of the cistern, seeChapter 8.

The extension of the conduit system from this point is a feather , or branch pipe, and dates back only to 1367.  It passes the Colston Hall, previously the site of Mr. Colston=s School (1707 to 1863), and before that the Great House of Sir John Young (1374-1707), and back further, still before the Dissolution, the Friary of the Carmelites.

The next sight of the conduit water is beneath Host Street, nineteen feet past the eastern boundary of the rear of the Church of St. Mary on the Quay.  At this point there is a square manhole in the foot path, beneath which, at a depth of eighteen to twenty inches, is an open pipe branch, with water flowing in it.  A pencil sketch plan in Mr. Groom=s 1909 notebook (Ref 8), shows this to be a branch or spur, in the form of an inverted >T=, as described for the Pipe Lane manholes.

The pipe at this point is in cast iron, and from here the pipe continues to the bottom of Host Street, also in cast iron, although the bottom section leading to Christmas Street, and across the River Frome, has been replaced during 1983 in ductile steel.

As shown on the plan, there is a section of tunnel which was  discovered in 1982 by the Temple Local History Group members.  The reason for this tunnel has not yet been discovered.  However, the proximity and similarity to the conduit tunnel cannot rule out the possibility that it was part of the 1367 extension.  The conduit in the Host Street section is in cast iron, a sample of which has been sent to the Ironbridge Gorge Museum at Coalbrookdale for examination, and a likely earliest date for such a pipe is circa 1790.  There have been major changes in the conduit system in this locality, therefore, and it is possible that this section of tunnel is a relic of such changes.  For this reason, this recently discovered section of tunnel, which may be nothing whatsoever to do with the conduit systems, is described in more detail in Chapter 6.

The pipe, in cast iron, next makes an appearance in Christmas Street, just past the entrance to the underground car park beneath the South Western Electricity Board building.  A square manhole in the footpath covers a brick  chamber in which there are two conduit pipes, each complete with its own stopcock and bleed valve. One of these pipes is the St. John=s Conduit that we have been following.  The other is the now defunct All Saints Pipe.  This latter conduit was supplied from a spring on the slopes of Kingsdown and went to All Saints Church conduit head(s) via Small Street.   From this manhole,  the St. John=s pipe continues to the junction with Quay Street where it turns left by the gateway of St. John=s and runs along beneath Nelson Street to the cistern beneath the vestry of St. John=s Church.  A small door, eighteen inches square, above the conduit outlet, leads to this cistern.

Nowadays, the water flow visible from the lion=s mouth is in fact the overflow from the cistern.  This is because the brass tap, which is polished every morning by Mr. Ron Vincent, a City Council employee, is turned off.

CHAPTER 5 - CONCLUSIONS AND PROGRAMME OF FURTHER SURVEY TASKS.

In spite of 735 years of changes, both in the organisational structure and topography of Bristol, the water still flows, if not as intended by the Carmelite Friars in 1267, at least by the Church Fathers of St. John=s.  The route and pipe itself has been argued over, dug up, relaid, pirated, bombed, repaired, upgraded and still it survives.  (Refs. 15, 16, 17 and 18).  The flow, measured at the lion=s mouth by John Redgrove and Aldo Piristi, is four gallons per minute (12th October 1984), and probably represents a fraction of the original flow.  This reduction is due to at least two factors; the reduction of the water collection area due to urbanisation (so that a large proportion of the rainwater now goes into the drains), and leakage from the pipe joints and cisterns.

However, thanks to the City Engineers, a flow is maintained, sometimes by various >dodges=, such as we described in Chapter 4 (page 7).  Indeed, Bristol must congratulate itself on having one of the only medieval conduits in the country still in working condition.

The work is by no means complete, and it is hoped to add further to our knowledge in the programme of work scheduled for 19985.  In a further report, comparative information will be included on the similar system that exists in Exeter, thanks to the assistance and advice provided y the Director and Staff of the Royal Albert Museum, Exeter.

There follows a list of features which are still unresolved and which require further investigation .

First, a detailed measurement of the Park Street tunnel system, possibly by using a marked chain or rope to give a continual reference point for photographs.  These measurements will include distance, bearing, altitude (spot height) and declination.

Confirm  depth and dimensions of the well and cistern, together with the flow rate at the well head.

Determine the purpose of the square shaft.

Investigate and locate externally the passage and steps near No. 75 Park Street.

Ascertain the details of the pipe channel in the floor of the tunnel.

Dimension and examine the junction chamber in detail.  Likewise for the modern (1976) collecting trap.

Determine, if possible, the transition point (if any) of the tunnel and pipe, e.g. the change from seamed to smooth lead pipe.

Investigate the >dipping hole= or collecting cistern and its contents.

Examine the gate hinge pins for signs of wear.

Extrapolate and determine from the slope of the steps the point of entry into nos. 54 or 56 Park Street.

Photograph and measure the stub of pipe protruding from the floor.

Make a detailed examination of  the full cistern from the inside.

Find the outlet pipe.

Make another attempt to locate the mark stones at No. 54 Park Street.

Verify or discount the dimensions and route of the pipe at No. 44 Park Street.  Carry out a document search and try to find evidence of the >Marsh Conduit Pipe=.  (Ref 8).

Investigate what is behind the bricked up alcove under Hamilton Place.  Consider using a drain camera through the hole at the bottom of the new brick wall.

Confirm that the manhole in Host Street is 19 feet from the eastern boundary of the rear of the Church of St. Mary on the Quay.

Mark the exact location of the Christmas Street manhole on the plan and make a drawing of or photograph the double pipes and stopcocks.

The results of the above are to be produced at Issue 2 of the main report, together with an appendix for any additional supportive information.  For instance, it has been reported that, prior to the Roman Catholic chapel on the site of St. Mary on the Quay, Mr. Chilcott, the jeweller and goldsmith, currently in Park Street, had a large house with gardens stretching down to the riverside.  This would have been before 1841.  However, Matthews= Directory for 1856 gives his address as No. 9 St. Augustine=s Place.

CHAPTER 7 - THE GEOLOGY OF THE ROUTE - BRANDON HILL, PARK STREET, THE CENTRE

The present day topography of the area is essentially as it was at some time during the New Red Sandstone (Trias) Period, about 200 million years ago, when the older, exposed and eroded surface of carboniferous age rocks were covered and buried under the windblown desert sands.  Subsequent burial and erosion has exposed much of the ancient desert topography and the relatively thin veneer of red sandy and muddy triassic rocks have given rise to the names >Redland= and >Redcliffe=.

The Carboniferous Age rocks of the area are marine or deltaic sediments, now sedimentary rocks, with the old sea beds or bedding planes dipping approximately thirty degrees to the south-east.  These ancient sediments, which were laid down about 300 million years ago, occur to-day as a succession of rocck types roughly analogous to the pages of a history book.  In this area, these rocks range from the massive limestones of Clifton Down, through the Measure Shales, Sandstones and coal seams |(Ashton Little Vein) at College Green, continuing under the City towards Ashton Vale.

The rocks of the Quartzitic Sandstone Group, usually abbreviated to >Q.S.G=, are known as >Millstone Grit= and locally as >Brandon Hill Grit=.  They consist of beds of hard Quartzitic Sandstones, red and purple in colour, and occasionally grading into quartz pebble conglomerates (pudding stones) and inter-bedded with sandy shales.  As the succession is followed upwards in age from Brandon Hill to the bottom of Park Street, and the Coal Measures, the massive Quartzitic Sandstone beds become thinner and less frequent and have nearly disappeared by the time the junction with St. George=s Road is reached, next to the >Mauretania=.  The City itself is a coalfield and contains probably hundreds of old shafts and mining trials.

The Q.S.G. has been quarried (ref 19) in the past and some of the rocks can be seen to-day as building stones in both Bristol Grammar School and Queen Elizabeth=s Hospital  (Q.E.H.).  They are very tough, hard, splintery rocks and can be trimmed and faced only with difficulty.  The old builders were rarely able to cut and trim them into rectangular blocks like the Bath Stone or Doulting Stone Limestone used in many of our Bristol buildings.  It would have been extremely difficult, if not impossible, for the people 700 years ago to dig trenches through them.  Th. only way they could have excavated for the conduit route would have been to follow a naturally occurring fracture zone or fault.  These rocks occur as foundation beds below a few feet of Trias on the old Prince=s Theatre site (Park Row) and when this site was developed and blocks of flats built a few years ago, explosives had to be used to excavate the rock for the footings.  The old buildings along Park Row have shallow footings in the Trias and the builders did not attempt to get down into the >hard stuff=.

These rocks are so hard because they are not just grains of quartz sand cemented together with Iron Oxide and secondary silica, but are formed of interlocked grants at the molecular level.  The ancient pre-Trias stress field which folded and fractured the carboniferous rocks of the area caused many of the quartz sand grains to grow into one another, forming sutured contacts.  The structure of the rock, therefore, is something like a 3-D jig-saw puzzle, and is very tough, strong and difficult to work as a result.

These Q.S.G. beds occur under the New Entertainment Centre and the Hatchet Inn.  The Colston Hall, the site of the Carmelite Friary, is also founded on them.  It is unfortunate that the opportunity to examine the walls of the section of the conduit which ran beneath the site of the New Entertainment Centre has been lost (see plan of routs) (Ref. 7). It may have been possible to determine if the tunnel followed a naturally occurring fracture zone as predicted.

The red Trias rocks are mostly red, sandy, calcareous mudstones which tend to disintegrate in water, but which can be firm and solid enough to build on if buried in the ground.  The old builders could havedug into them, with difficulty in some places, and trenching and excavation would have been possible with fairly primitive equipment.  Any of the old conduits or drains can be expected, therefore, to be in either Triassic Rocks or following fracture zones (faults) in the tough underlying rocks of the Quartzitic Sandstone Group.

CHAPTER 8 - THE MISSING CISTERN OF THE CARMELITES

Calculations were performed to determine the minimum dimensions for the missing cistern.  The earlier, somewhat crude attempt to establish the size of the ‘missing cistern’ (ref. 12), led to investigating the possibility of a more accurate estimate.  Relevant formulae were found (ref. 10) and a more accurate drawing was made of the Conduit System.  Times of flows from Park Street to Frogmore Street and Host Street were calculated and compared with the results from earlier dye tests.

Good agreement within the accuracy of the calculations’ assumptions and errors was found for Frogmore Street.  A significant discrepancy was found between theoretical and observed times at Host Street.  Several theories were considered to account for the discrepancy.  The most likely explanations are that either the cistern exists somewhere between Frogmore Street and Pipe Lane, or, more probably, the conduit has a much greater effective diameter than that estimated, probably due to accident rather than design.

The initial tasks were to establish more accurate methods of calculation and to characterise more accurately the conduit system.  The method was first to calculate the depth of water running in each section of the system.  Then the rate of flow and time for each section was calculated.  These were then added to give the times from Park Street to Frogmore Street and Hose Street.  Comparison of the theoretical and observed times then revealed a significant discrepancy at Host Street.

Calculations  then established the extra volume of water to account for the discrepancy.  Finally, minor calculations were performed to illustrate the theories attempting to explain the discrepancy.  At the end of this chapter, an attempt has been made to summarise the many assumptions and inaccuracies in the work.

To determine the conduit system features, it was divided into eight sections, as shown in Figure 24.  Those sections were:

A. Park Street well head  to lower collecting trap

B. Park Street to Culver Street

C & D
Culver Street to Frogmore Street

E
Frogmore Street to Pipe Lane.

F. Pipe Lane to Host Street

G & H
Host Street to St. John’s

The sketch shown in Figure 24has been improved and illustrated by Julian Lea-Jones and appears as Figure 25.  A glance at these two figures shows that certain sections of the pipe or conduit must be full, owing to the creation of sumps by the rise and fall of the pipe runs.  These sections are D, E and H.  For the purposes of calculation, a drop for each of these sections of 3 inches (0.25 feet) has been assumed, i.e. approximately one pipe diameter.  Sections D, E and H have, effectively, very shallow slopes.  

The conduit known parameters are as follows:

(a) Time, Park Street – Frogmore Street = 10 minutes

(b) Time, Park Street – Host Street = 240 minutes

(c) Rate of flow = 4 gallons per minute*

(d) Medieval pipe bore = 2.25 inches diameter

(e) Modern pipe bore = 3.0 inches diameter.

*Measurement © was not made simultaneously with (a) and (b). However, both sets were performed during or after long periods of dry weather, so justifying the assumption that they may be regarded as simultaneous for these purposes.

It should be noted that a local peak elevation is assumed at Pipe Lane.

The formulae used were as follows:

1. Required Diameter of Pipe (S & S. p.31)

D = 0.2216 (Q2/s) 1/3…..(1)

Where d = diameter in feet (see Note 1)

Q = flow rate in cu.ft./second

S = sine of angle of pipe where s = q/l and




q = vertical drop




l = length of pipe.

2. Velocity of Flow (S & S p. 29) (Neville 1853)

V = (140(Hs)1/2…..(2)

Where v = velocity in ft/sec. (See Note 2)


H = hydraulic mean depth (See Note 3)


S = q/l = sine of angle of inclination of pipe as above.

Note 1:
This formula is for practical engineers and probably leaves a margin for sudden increases in flow.  It is assumed, therefore, that the pipe diameter calculated is greater than that necessary to accommodate the flow (Q)

Note 2:
The reference work does not state the velocity parameters.  However, by comparison with another formula given, (Eytelwein 1815) (Ref 10), velocity is apparently in ft/sec.

Note 3:
The Hydraulic Mean Depth Factor (H.M.D.F.) takes into account the drag on a moving volume of water in a pipe or channel caused by the wetted portion of the pipe.

To establish the depth of water in each section of the conduit:

The maximum rate of flow in an inclined pipe occurs when the water depth if 5/6ths of the pipe 

diameter (see Table 1 – Flow Date for Circular Pipes).  Therefore, the calculated pipe diameter (d) 

is assumed to be 6/5ths of that needed to contain the equivalent circular diameter of water (d).  

Thus:

Establishing the cross-sectional area of water (a) from the diagram above;


A = Sr/2 – Cr/2.cos ( /2)

Where 

The chord length was determined from the depth of water (D) where


C = 2(

An iterative process using a T159 calculator was employed to establish differing values of D to 

give the same cross-sectional area as determined from Eqn.2

To calculate the depth of water in a known pipe diameter from the equivalent area using Equation 

(3) was a very difficult exercise.  The simplest method was to employ an iterative technique of 

calculating areas from depths and compare the result to the area required.  Adjustment of the depth value on inspection was a relatively easy task.  Recourse was made to a programmable calculator and this reduced the task to a reasonable duration.

From the results, the corresponding Hydraulic Mean Depth Factors (H.M.D.F.) were determined.  The source for these values was a table given in the Sewers and Sewerage text-book (Ref 10).

The calculation of flow rates and times was performed by putting values into Equation (2), again using a T159 programmable calculator.  These were determined for each conduit section and the results can be seen in Table 2.  The times have been converted to minutes and cumulative times are also given.

At Frogmore Street there was a discrepancy of 20% between the theoretical and observed time.  At Host Street the observed time was greater than the calculated time by a factor of 13.35.

The co-relation between the theoretical and observed times at Frogmore Street is sufficient to validate the calculation method.  The discrepancy at Host Street is therefore significant.

The observed transit time from Frogmore Street to Host Street is 230 minutes.  When testing at Host Street, the water in the conduit was observed to be running freely and so it could be assumed that the Pipe Lane to Host Street section was running as predicted.  The discrepancy, therefore, occurs between Frogmore Street and Pipe Lane.

The transit time from Frogmore Street to Pipe Lane, from the observed results, is therefore,




230 – 6.52 = 223.48 minutes



Calculated time – 12.63 minutes


Assuming a pipe diameter in Section E of the conduit of 2.25 inches and the length of the section 


being 347 feet, the theoretical volume of water in the section if the pipe is full is:




v = 




   = 9.59 cu.ft.


Alternatively, with a rate of flow of 4 gallons/minute and a time of 12.63 minutes:




V = 4 x 0.1605 x 12.63




    = 8.106 cu.ft. (1 gallon = ).1605 cu.ft.)


Given that the actual time is 223.48 minutes, the volume of water in section E of the conduit is:


Therefore, the extra volume of water (




143.474 – 8.106



-=
135.37 cu.ft.


There are a number of theories which could explain the discrepancy.

(a) Section E of the conduit is much longer than estimated

(b) The pipe in Section E is of much greater diameter than that estimated

(c) The pipe in Section E is damaged so that the tunnel or culvert is full of water as well

(d) The extra volume actually represents the missing cistern.

(e) The calculations are in error.


To deal with the theories in order:


To account for the greater volume through a greater length of pipe, for the same pipe bore (2.25 


inches) the pipe would have to be




347 x 143.474/8.106 = 6142 ft.


Even allowing for changes from the original pipe route, this amount of pipe is inconceivable.


For the discrepancy to be due to a larger diameter pipe, the diameter required would be



D


This is a large size, but interestingly is comparable to elm conduit bores which have been observed 


as approximately 7 inches.  A lead pipe would have been made from a sheet 27 to 36 inches wide. 


This would have been expensive and there would be no reason for having a larger diameter pipe at 


this end of the system.


With regard to the flooded culvert theory, the culvert cross-sectional area would have to be the 

same as the ‘larger pipe’ above.  The culvert section in Park Street is approximately 3 inches by 9 inches in cross-section, an area of 0.1875 sq.ft.  The length of a flooded section representing the estimated ‘extra’ volume in Section E is



135.38/).1875 = 722 ft.

The value is approximately twice the estimated length (347 ft) for Section E of the system.

Coming now to the theory that the discrepancy is due to a hidden cistern, the missing volume of water, 135.38 cu.ft., assumes that the conduit is as described for the theoretical calculation.  If this assumption is correct, the volume of any hidden cistern has to be at least this.  Such a volume could be achieved by a cistern not less than 6 ft. x 5 ft. x 4.5 ft.

This is a relatively small storage volume, compared to the Park Street cistern, which is approximately 20 ft x 6 ft. , depth unknown.  The St, Nicholas cistern is reported as holding 20 tons or tuns of water, which would imply it was 12ft x 5ft or 6 ft.

However, when one considers that this cistern, if it exists, has been hidden for several centuries, it would probably have silted up over the years and thus be considerably reduced in capacity.  If it had been partly filled in with rubble or hardcore, this would also account for the reduction from a practical capacity.

Inevitably some inaccuracies will have crept into the calculations and these must be taken into account.

The pipe diameter assumed for each section is derived from the sample of medieval pipe held by T.L.H.G.  The actual bore of the pipe may well vary, particularly where its route has been altered.  Allowance was made for a modern three inch bore pipe from Culvert Street to Frogmore Street.  The pipe in Host Street is cast iron, not lead, which would also imply a three inch bore.  This variation is not significant on shallow depth runs, but is significant when the section is full.

The pipe lengths were derived from small scale maps and may be inaccurate by ten feet.  The drops in each section were derived from height estimates at street level and observed depths of pipe features.  The height estimates were derived from 25 ft. contour maps and spot heights.  Height may, therefore, have a tolerance of five feet.

Fortunately, the calculations employing these values tend to reduce the effects of the inaccuracies since square, cube or fifth roots are taken.

The assumption that full sections have an equivalent drop of 0.25 feet is probably one of the most significant.  It can be seen that the full sections account for 75% of the total calculated transit time.

It may be seen that there is a two minute discrepancy between the calculated and observed times at Frogmore Street. If it is assumed that this inaccuracy occurs solely in the full section,, Section D, then the transit time in Section D is six minutes instead of four minutes.  This implies a correction factor of x 1.5 for full pipes.  Therefore, the transit time for Section E should be corrected to 12.63 x 1.5 = 18.945 minutes.

With a rate of flow of four gallons/min, this would mean a total Section E volume of 18.945 x 4 x 0.1605 = 12.163 cu.ft.  This obviously does not account for the Section E discrepancy.

The assumption concerning the Pipe Lane peak point in the conduit is open to question.  If this point was displaced towards Host Street, the transit time for Section E would be increased and a greater volume of water would be assumed.  For instance, assuming that the peak point occurs at the Colston Hall would mean that Section E was increased to 611 feet.  Recalculating the transit time, we get a new value of 32 minutes.  At our standard rate of flow, this would give a Section E volume of


32 x 4 x 0.1605 = 20.f cu.ft.

The time is insufficient to account for the discrepancy.  With the increase in Section E pipe volume, the extra volume becomes 123 cu.ft.  This volume is still significant.

Reworking the calculations for the theories (b) and (c) on Page 35:

A larger diameter pipe would be


143.474/611 = 0.235 sq. ft.

                                   = 6.56 inches diameter.

This would probably be excessive for a medieval lead pipe, but not for an elm conduit.

The volume of 143.474 cu.ft. would require a flooded 3 inch x 9 inch culvert, 765 feet long.  This is too long, but if a larger cross-section culvert is assumed, say 6 inches x 9 inches (twice the area), then as one would expect, the length is halved to 382.5 feet.

If the culvert is large, as in Park Street, or the tunnel beneath Host Street, then a relatively short section could account for the discrepancy.  Taking the Host Street tunnel as an example, the smallest section is 24 ft. x 4 ft x 1.75 ft.  This is a volume of 168 cu.ft.  For the missing volume of water (123 cu.ft), the section would be approximately 17.6 ft. long.  If this were, more practically, an inclined tunnel of this cross-section (4 ft x 1.75 ft) full to the roof at the Host Street end (see Figure 26), the length of the tunnel would be approximately 35 ft.

It is considered that the existence of a relatively large body of water below Pipe Lane and/or Colston Street is very probable.  This water is probably lying in a partially flooded culvert due to a break in the pipe in the culvert.  The break probably occurs after the highest point in the conduit in Pipe Lane.

The existence of a cistern is regarded as unlikely because of the low volume and the probability that such a cistern would have been filled in during the construction of the relatively new buildings in the area.

The following actions are recommended for future action:

· Try to establish a detailed, accurate definition of the conduit run between Frogmore Street and Host Street, e.g. length, pipe diameter, etc, and depth below street level;

· Establish the ‘head’ of water above Frogmore Street inspection cover.  A simple pressure measurement should be adequate. This will confirm the height of the Pipe Lane peak point

· Check the Pipe Lane lampholes to see if the water is filling the pipe or not.

· Repeat the dye test from Frogmore Street and Pipe Lane and measure the transit times to Host Street accurately.  This will narrow down the search area.

· Check the constancy of the flow rate as often as possible up to the end of 1984.  This should give a reasonable estimate of variation between dry and wet seasons, if any.

· Conduct listening tests to ascertain the track of the conduit. Any variations of sound, if detected, might indicate the presence of large cavities beneath the surface.

· Investigate echo location techniques or metal detection to trace the conduit route.

· Given a minimum rate of flow of 4 galls/min, estimate the demand for the Carmelite establishment and thus determine the capacity of their cistern.

· Contact the ‘way-leave’ offices of the public utilities (telephone, gas, electricity).  There may be some notes on underground features in the area. The utility routes must have been reorganised when the original buildings were demolished and the New Entertainment Centre was built.

CHAPTER 9 - THE PIPELINE, HOW IT WAS MADE.

This is an account of some of the varied means by which man has produced pipes to transfer that most precious of commodities, water.  Although we are particularly interested in the St. John’s Conduit System, a brief look at the evolution of the water main may be informative.

This account, like so many others of man’s early achievements, must start with the Chinese.  They used a system of pierced bamboo pipes to supply water to their homes.

The Greeks used pipes of clay, although as these were sun-hardened, not kiln fired, one wonders about their durability.  Later, the Romans adopted a similar technique, extending the idea to a water distribution system of stone culverts, underground channels and aqueducts, a famous example of which is in Athens.  This was built by Hadrian in 134 (Ref 25).  The fifteen mile system was restored by Ulen & Co. in 1879 and is still in use to-day.  There is also reason to think that one of the underground tunnel systems in Exeter was based on a n earlier Roman system.

Ox-hides are also supposed to have been used.  It was reported that in 523 B.C., what may be called a strategic pipeline was laid across the desert, as Cambyses, the King of Persia, needed the water to supply his troops who were carrying out an attack on Egypt.

Bristol, like many other towns, including a famous system at Islington in London, used hollowed out elm tree-trunks.  These were simply bored out with one end chamfered so as to be a force-fit into the end of the next section, and so on.  The wider socket end had an iron band around it to prevent splitting.  Also, according to some accounts, the joint was puddled with clay, although once the wood was wet, it would swell against the constraint of the iron band, so making a tight fit.

These would have been much cheaper than lead pipes, but they must have had many disadvantages.  The joints would have been fragile and subject to ground movement.  While the pipes themselves would have been heavy and cumbersome, with only gradual changes in direction being possible.  The making of junctions must have been difficult.  Perhaps this accounts for the expression ‘a branch pipe’?

Latimer, in his ‘Annals of Bristol in the 17th Century’, reports on the problems that beset the Quay (key) Pipe.  It used elm trunks, as illustrated in Figure 27, and was supposed to bring the water from the ‘boiling wells’ at Green’s Hill, Ashley Down, to the City.  The complaints were many, usually because cats fell into the supply cistern and blocked the pipes.  In one audit book there were four such entries within three months.  To our knowledge, there are no wooden conduit pipes still in use.

Lead pipes were also used quite extensively in Bristol, with the lead mines on the Mendips, not far away, and even closer at hand, the rough ‘gruffy’ ground on Durdham Downs is the remains of old lead workings.

The pipes varied in size from a few inches to over six inches in diameter.  One of the problems with lead is that it has always had a good scrap value.  Indeed, there are numerous reports of the Temple Conduit (Ravenswell at Pylle Hill to Temple Street) being interrupted because people had dug it up and stolen the pipe.  The account books refer to payments being made to a plumber to replace the conduit pipe (Reference needed – Latimer).

Some of the remaining  old conduits of Bristol are run in iron pipes, most likely as the result of 18th and 19th century re-routing due to building development. One such example is the Host Street to Christmas Street section of the St. John’s Conduit. This pipe is made of cast iron which probably dates it no earlier than the mid or late 18th century.

Because iron, unlike steel, when heated does not go through a ‘plastic’ state prior to liquefaction, the early pipes had to be cast in moulds.  This was usually in two halves, which were subsequently joined by welding along their length.  Nowadays, cast iron pipe is made by a centrifugal process which results in a seamless pipe.

Cast iron pipes were cheap to produce, but fragile and very heavy.  The cast iron section of St. John’s Conduit is a good example.  Building work at the bottom of Christmas Steps damaged the pipe, although it was buried a few feet under the ground.  The damage resulted in a multiplicity of cracks and the further the pipe was cut back to reach sound material, the further the cracks spread.  It was decided finally that the sections would have to be replaced, and in 1984 the cast iron was replaced by ductile steel pipes.

In 1940, steel pipes were made by producing a continuous length of steel strip or plate which was heated until soft and then passed through sets of rollers to form it into a cylinder.  The longitudinal seam was then welded.  The pipe so formed was cut into convenient lengths by a circular saw which often travelled along with the formed pipe, so enabling the pipe to be produced continuously.  This method of construction was used for the fuel Pipe Line Under The Ocean (PLUTO) during World War II.

Nowadays, the larger diameters of steel pipe are made by forming the strip or plate into a spiral (like a toilet paper roll) and again welding the edges.  Although this requires a much longer welded seam, it has the advantage that many different sizes of pipe can be produced from the same size of steel strip by rearranging the rollers.

Steel pipe can also be produced by extrusion. The steel , heated to its plastic state, is squeezed from a container, like a giant toothpaste tube.  Inside the nozzle, however, and concentric with it, it a central rod or mandrel.  A ram forces the soft steel out past this obstruction so that it comes out like macaroni, and it is then cooled before the walls can collapse.

This method produces a seamless, very strong pipe.  Modern production methods  enable this sort of pipe to be made as long as required  It is this latter style of pipe that has been used to replace the damaged cast iron section between Host Street and the bottom of Christmas Steps.

Pitch fibre is yet another pipe material that is relevant to the St. John’s Conduit System.  When the New Entertainment Centre was built over Wells Street, the section of tunnel housing the lead pipe between Culvert Street and Frogmore Street was filled in and the conduit was replaced and rerouted.

The new (1984) route, as shown on the plan, is a around the new building complex, down Culvert Street, and along Frogmore Street.  This new section is made of  pitch fibre, which is a modern, very light and cheap alternative to either lead, cast iron or ductile steel.  It consists of layers of vegetable fibres, often jute, wound around a former and them impregnated with bitumen pitch, or more usually these days, synthetic resins.  Because of the continuous would construction, this type of pipe is very strong.

Having considered some of the different pipe materials that have been available to those responsible for the upkeep of the Conduit System, a closer look can now be taken at the original (?) led conduit which starts its journey at the Park Street well head.

Before examining the constructional details of the 13th century lead pipe, a brief explanation of how lead sheet for the pipe was made may help.

We have the late Leonard Nott to thank for providing the following information on lead working (plumbing) techniques which resulted both from his many years working for Drake & Scull, and his researches into the St. John’s Conduit System.  In addition to drawings based on his notes, and sketches which are reproduced herein, there are notes and extracts from the sources listed in Chapter 10, references 10,21 and 23.

The lead ingots, commonly called ‘pigs’, take their name from the manner in which they are produced from a large mass.

“When the metal is drawn off, the slag is replaced in the bed again, the fire raised to a glowing red heat, which again melts it, and a new portion of lead if drawn off, as before.  The refuse, though still containing about eight percent of lead. Is now rejected as not worth further trouble.”

The lead pigs were broken off from the ‘Souwe’ and dispatched to the customer.

In the early Roman period, ingots were moulded with the name of the Emperor (figures 29 & 309). Imperial names ceased to be used on lead ingots after 1649 and it appears that control of the mine-workings at Charterhouse-on-Mendip then passed to other hands.  The tribal council may have exploited the deposits, supplying lead for the pewter industry, and for inumerable building operations.  This may account for the abundance of late Roman silver coinage in the area, since the trible would be granted a proportion of the output, paid in silver.  The inscribed ingots also give the names of some of the companies and individuals who worked the lead in the first two centuries under Imperial control.  An ingot from Green Ore, near Wells, produced in the reign of Vespasian (69-79) is marked ‘Tiberius Claudius Trit(erna)’  (in Wells Museum).  This person later worked in the Derbyshire  lead mines.  An ingot found at the Roman port of Bitterne, CLAVSENTVM, near Southampton, indicates the existence of a companyu called ‘Societas Novaec’ working at Charterhouse-on-Mendip in the same reign.  Both these ingots bear the inscription BRIT EX ARG VEB which means ‘from the British silver mines at Veb…’ which was presumably part of the name for Charterhouse-on-Mendip.

Mendip lead was exported by way of Bitterne (CLAVSENTVM) near Southampton.  Isotope studies have suggested its use for a lead cistern in Pompeii before its destruction by Vesuvius in 79.

The material from a lead working site at Green Ore (G16), near Wells, provides evidence of both the extraction of lead and the process of extracting silver from lead by cupellation.   The availability of silver probably encouraged the early exploitation of the Mendip deposits by the Emperor, but it is not certain how much made its way into the coinage, as the amount of silver varies from one lode to another.”

Lead in sheets is used for covering the roofs of buildings, for making cisterns for water, vats for dyeing, and for many other purposes, and was produced in the following manner (ref 24) and Figure 31.

“Sheet lead formed by casting uses a strong table, from fifteen to twenty feet long, and five to six feet broad, made with a ledge around it of an equal height at every part.  The top of this table is covered with fine, sifted Red Worcester sand, which is spread smoothly over it by being worked  with a kind of trowel until brought to a uniform density.

The melted metal is drawn from the furnace pit with a large iron vessel or trough, which is raised by a crane and tilted over to cause the lead to run on the sand as quickly as possible.  A strike is then drawn over the surface which, by resting on the ledges, pushes forward the superfluous metal and leaves a sheet of it of a uniform thickness, equal to the space between the edge of the strike and the surface of the sand.   The superfluous metal removed by the strike is forced off the end of the table into a vessel placed to receive it.

The temperature of the lead was determined by dipping small stick into the lead pot.  If the lead burns the stick, it is too hot.  If the lead hangs on the tick, it is ready for pouring (to throw).

The Bristol City Council House at College Green, which has a cast lead roof, was the last public building in which the lead roofing sheets were cast in situ by the traditional method.  The equipment, as depicted in Figure 31, was destroyed by enemy bombing of 135 Redcliffe Street on the 24th November 1940.

Smaller sheets, as would be used in lead pipe making, for instance, were made in a similar way.  First a wooden template of the proposed thickness and circumference was made.

The sand on the table bed (figure 32) was rammed well down, smoothed with the strike, and then sprinkled with french chalk (talc).  The wooden template was then pressed into the sand and removed to form a depression of the required size.  The lead, when ready, was then poured on to the bed and the surplus removed with the strike.  This resulted in a piece of cast lead of the same dimensions as the wooden template, which could then be rolled and soldered to form a pipe.

Lead pipes are made, wither by this method or, when or a smaller diameter of one to two inches, by drawing.  In the latter method, a cylinder of lead, five or six inches in diameter, is cast with a small hole through its axis.  A smooth iron rod, about fifteen feet in length, and of the requisite internal diameter, called a triblet, is forced through the follow lead tube, which is then forcibly drawn through a series of holes in iron plates until the lead cylinder is extended over the whole of the triblet.  When the triblet is then withdrawn, it leaves the lead pipe of an equal bore.

The fabricated method of lead pipe making can be seen in Figure 33.  The sheet of cast lead, made to the dimensions of he wooden template as previously described, is formed around the core or mandrel, once wood, but latterly made of iron, using a mallet or ‘bossing stick’ and a shaped stick called a ‘dresser’.  The lead is gradually shaped as shown, and the seam soldered.  The joint was then strengthened by inserting an iron or lead strip in the open ‘V’ and the joint was finished off by beating on a cover strip over the top of the seam and soldering it in place.

A sample of conduit pipe of this construction was recovered from Frogmore Street (Figure 8) and a section examined.  There was no sign of an iron strip and, in fact, the joint appeared entirely homogenous, with no discernable join.

When pipes had to be joined together, the following method was used (see Figure 34).  The ends of the two pipes were butted together.  A plumbing iron, heated until it was white hot in a brazier, was then used to produce a series of longitudinal grooves, running across the joint.  This served to transfer metal from one pipe to the other, and to provide a ‘key’ for the subsequent soldering.

Solder, consisting of two parts tin and one part lead, was melted in a pot over the brazier.  The melted solder was then splashed on to the joint, using a splashing stick.  The joint was ‘wiped’ using tallow, and a piece of moleskin or a moleskin glove.  This left a smooth rounded joint.  Resin was used as a flux to assist in the flow of the solder (see Figure 5).

While the drawings show the method used for joining the smooth walled extruded pipe, it is believed that a similar technique was used to join the fabricated pipe.
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