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CalifatBoiler: A Historic Significance Statement Report

Summary
The objective of this statement repdidcuses on the historic significance of the Califat boiler it is
not intended asa review or analysis of the boilers conservationmerpretation. The repd is set
out in three parts;
Part 1: Califat Boiler and its local and national siggance and recommendations towards
its future preservation.
Part 2: Review of the development of the haystack boiler and atmospheric engine in the
18" and early19" centuries, contemporary to the Califat boiler.
Part 3: Appendices, Califat boiler detgileferencesand supporting photographend
illustrations.

The boiler is commonly known as the Califat boiler and for the purpose of this report | willarétfer
usingthisnam@ NJ A 0 & & A Y LI A Kis SHaystaBOINBAMI2S/NI WokRkM@ KS NINB | £ & 2
02Af SNDS WNR @PR 0 AR SIEAIE NDSSIKSNDRT F2N 6§KS LIdzZNLR &
GKA& (el 27 @At SNIIa | WKIFegadl O]

The boiler is a rare survivor of the first type of commercially successful steam engine, the
atmospheric engine. These types of steam engine wasdated by Thomas Newcomen (1664

1729 in 1712 which usedondensed steam to create a vacuum whichwasiatmospheric pressure

to force a piston down in an open top cylinderd connected to a rocking beam allow a pump to lift
water out of a mine. The boiler was an integral component in the working of a steam engine but is
often overlooked in the history ahdevelopment of steam power.

Background.
The Califat haystack boilerle@zated on the site of Califat Colliery (NGR SK 4124 1719) also known as
Coleorton No. 2, Alabama and Windmill Pit in the village of Swannington. Theyowsbiedeveloped
from 1855by William Worswick whteased mineral rightdom the Wyggston Hospital and had
developtwo other collieries in the area. The first reference to Califat (Coleorton No 2) Colliery is in
October 1857 when Charles Smith, Receiver for Wyggdstspitalwrote,
GaNJ 22NERGAO]l KIFIA& SNBOGSR (g2 O2ft ASNRASaE 2y 0l
guanity of 12 acres per annum. He has recently erected a private railway nearly parallel to
the Coleorton line from the terminus of the old Swannington to hiwest pit on the
| 2YY2YE

Coalmines in and around Swannington had always suffered from excess Waiteresulted ia

major accidentit Califat Gllieryin 1864which killed three mine@ ' y R Ff 22 RS&®er 1 KS 2 N
breaking into the mine had @isagrous consequencesn theeconomic viability of the minea

flooded mine would take many months aixtensive cost to drain, repair and-establish roadways

and coal facesThe flooding proved economically damaging to the future of the mineGaddat

Coliery formally closed in 1873 witWorswick finallysurrender the lease to Wyggeston Hospital in

1883.All activities at the dtiery had ended and left behiral pumping house, winding house,

ventilation system and cottages.

The Califaboiler was probably brought to the site in the late 1850s and was peaohblyas a

water storage tank located adjacent to the pumping enginad®oon a circular brick plinth. The
boilerremainedA y & A (idz dzy G At Aaker andRshsanO1268 SuNdy @ddustrial 5 Sy A &
archaeological fielevalking sessions around Gross Hill area of Swanningdios boiler was buried

with only the top of the dome exposeBRecognisings importance the_eicestershire Industrial
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HistorySocietywas founded an@¢onducted an excavation of the boiléd by Dais Baker and
Richard Thompson. The boiler wags@&xated between 1969 and 1972 and removed fisite and
donated by Wyggeston HospitaluEt (the then owner of the site) theicestelICityMuseums
(accession number L.T131.1972.@Bo at the time were developing the Museum of Technology
for the East Midlands at the Abbey Pumping Statiobeicester

Since 1972 the boiler has bedisplayed both internally and externally at the museum, which had
subsequently become the Leicester (Leicestershire post 1974 local government reorganisation)
Museum of Technologypetween 1977 and 1983 there were plans to reconstrugticaboiler
baseg A G K | drawght® § &#Shaw howthe boiler was mounted ahused

Around 199%he boiler was remwed to Snibston Discovery Pavkere it was stored externally until
itsloan to Swannington Heritage Trust in 208ince that date it has been on open display over the
pumping shaft close to the locatiomhereit was found.

The boiler was restored by Leicester/Leicestershire Museums in the early 1970s when the ironwork
was treated and painted and the corrosion holes filled with fibreglass panels to replicated and match
the existing appearance of the metalwork. Hoxge since this date there no been no pesnative
conservation applied to thewrought iron and its current state of preservation would require

detailed assessment.

Part 1
Historic Significance of the Califat Boiland Conservation
Recommendations

Early Steam Engines in the Leicestershire and South Derbyshire Coalfield.

Leicestershire and South Derbyshire coalfield was one of the earliest to deploy the new Newcomen
FGY2ALKSNAO ai0SIHY SyaAiaySas [Thair@rodiiciolRst IiK Si KUSF AINIBY ¢
SYyaiaySQ Ayid2 GKS O2IFf AYyRddzZAUNE ¢l & 2yS 2F (GKS Y2
countries coalfieldand was a practical solution to the problem of drainage.

It is not possible to ascertain where the first Newcomen engiag @ected within Leicestershire
although it is likely to have been before 17&ecords of the Coalbrookdale@pany show that a
cylinder was supplied to SwanningtonNovember/December 1724 aradfew years later in 1732 a
cylinder was supplied to F. liigton at Measham and in 1743 another to J. Wilkins of Measham for
pits at Oakthorpe. There are also references to a cylinder being supplied by an unknown ironmaster
to a pit in Oakthorpe in 1729.

There was considerable investment in the Measham/Oaktagis as records show a Boulton and
Watt supplied a winding enginé the 1790sto John, Joseph and Thomas Wilkes, which appears
not to have been a success. Francis Thompson also built an atmospheric engine in 1791 at
Oakthrope which was relocated in4Bto Pentrich Colliery in Derbyshire, demonstrating
atmospheric pumping engines was still in demand by the-I8iticentury, this engine is now
preserved by thé&cience Musuem in Londohhereasors for the continued use of Newcomen type
atmospheric engies well into 19 century(and even into the early 20century) wadried and
testedtechnologyandthey wereproved successful in coalmine water pumpiatso in the early 19
centuryapremium or levywaspayable to Boulton and Watt for the usé oneof their patent
engines.



Califat Haystack Boiler Significance AnalysimR. August 2017

Unfortunately it is not possible to determine if these laté"k&ntury engines had haystack boilers

ori KS ySgft @& waggoidboiersdzGSIRI KI2 dzZ3 K A G A 31798sBoul®n an@ | & & dzy' S
Watt winding engine probably lea WaggnClype boiler. If atmospheriengines werédeing

relocated andeused well into the 19 century then associated haystack boiler woaldobe

subject to refurbishment and relocation as thebeilers werenot subjected to angerious

deterioration bysteam pressure andiere easily repaired anchoved

¢CKS SINIASAG YI LI SOGARSYOS 2F WFANB SyaiaysSQ 20! (
0S aSSy 2y . dNRSIOHPR WRKY2FNKM2ONRA YI LYRANBTTT ® (¢
SYyaaySaQ ySINI G2 {6l yyAyaidz2y o6bSgo2f R [2dzyd | yF
SYaaAySaQ akKz2gy 2y LINA2NR& YI L YIeoS | dzy RSNJ Saia
determining the actual number of atmospheric and early steam windingnesgemployed in the

coalfield.

Applying these assumption to the Califat Boder current knowledge can confirm;

9 The boiler was originallysed for steam generation f@n atmospheric steam engirtiring
the 18" century and possibly early/miti9" century.

1 There is sufficient evidence to show that atmospheric engines with haystack boilers were
working in close proximity to Swannington and Califat Colliery and it is protheb{@alifat
boiler came from the Leicestershire/South Derbyshire coalfield and possibly from a pit near
to Swannington.

1 There is evidence that within a 2@ile radius it is estimated there could be upwards of 40
steam engines in operatioturing a 100 year periode. 1720s to 1820s (by 1730 there were
25 Newcomenrengines in usé Derbyshire and Leicestershire coalfields) arsl safe to
assume that prior to 1780s all these engines would have had a haystack boiler and in some
cases may have had two or thregepending on the size and horse power of engine

1 It has been demonstrated that atmospheric pumping engines wiltdeing used at coal
mines in thel9" and early20" centuriesand therefore thisboiler may not have been long
out of use when it was relocadl to Califat in the 1850s.

1 Excavatios in 1990showed that the haystack boiler at Califat was used for water storage
tank rather than steam generation as no evidence of a heath was found in the boiler seating.

TheCalifat Boiler

The Califat boiler isircular with a domed roof with a flat top partially coed by a wrought iron
plate, thisopening is for the steam injection pifieked between the boiler andylinderindicating
the boiler was probably locatedirectly beneath the cylindeithere is anmnverted doom inside the
base of theboiler to maximise tharea heated by the fire working directly onto the base of the
boiler. The boiler is in two distinct sections; the base section which contained the water and the
domed section which was a receptador the steam.

Constructed of wrought iron plag 14 plates in the base section and 16 plates in the domed section

All the plates overlap the plate adjacent and are riveted together on all sides of the plate. The plates
YSI adzNB 06 SH 658639y & e @mndx 1028mnx c10mm/12mnd | YR A m éy¢

Oo k y a(BOBmNMmx£028mmx c10mm/12mminthed | 8 S & SOUGR 20k AGMK yMkéo K y &
(356mm x 1524mnx cAmm/smm) | Y RE mQfEoyE® H K Y(4O5mm K gt524mmx c4mm/

5mm) in the dome sectionThese plate sizes correlate to those given in contemporary instructions
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for constricting a haystack boiler in thmid/late-18" century.¢ KS 2 gSNI £ f aA1 S A& yQ
RAFYSGSNI G GKS ¢gARSal LR andiiK § YIRS ic THREREM) Bachtp ppYey v

NAPSG KSFIR Ada IMER 0PI YOG RAITRASHABINY G 0SisSSy OSYyidN
aSO0GA2Y YR Moy @& YR M¢ & 6nanYY YR npYY0 2y GKE

It is unknown if these plates were hammered into shape or rolled. Wrought iedaspcould be

rolled by thelate-18"OSy (i dzNB o6dzi 6AGK YAESR adz00S&da |yR a2Y¢
plate. To determine the method of construction will required further investigafidrere is evidence

of early repairs to the base and dome sectamith riveted plates over corroded areas of the original

ironwork. It is unknown if these repairs were carried out as a working boiler or instigated at the time

it was converted to avater tank. [Fodetailed review of plate sizes and repairs see appehix

The overall visual condition of the boiler is generally poor with corrosion on the interior and exterior
Its location in a wooded area adds to the conservationceons as moss, fungi aveégetationcan
contaminatethe ironwork.The boiler wasestored in the 1970s which includebn rust treatment,
painting and filling the corroded areasth fiberglass to resemble ironwork. The amount of

fiberglass used is around 16%0% of the boiler structure.

The boiler would not have been made for highgsere steam and would have probably coped with
pressures ranginfom 1lbs per square inch to no more than ab&@bs per square inch. Its original
use would dictate its pressurised requiremenfsvorking an atmospheric engine little pressed
steam would be required but poweringn enclosed singler doubleacting steam engine then a
higher pressure would be requireld.is likely this boilewas used with an atmospheric engine and
has therefore low pressure requirements.

The age of thdoiler is uknown but is probably of8" century cate i.e.between 1720 and 1790
place of manufacture is unknown although closure analysis of theaindiits construction could
give a clearer construction date and possible location the iron was manufactured.

Califact Boiler NationalSignificance

Nationally thereare few remaining atmospheric engines or boilers in preservation dating from the
18" and early19" centuriesand examples of artefacts in preservation related to Newcomen and
atmospheric steam engine technology is rare. [A list of the atmospheric engine related artefacts in
preservation is outlined in Appendix 2].

There are four examples aignificance that swive from the early use of steam engines in
Leicestershire/South Derbyshire coalfielddthe Califat boiler is a significant and rare survivor of
steam generation and early steam engine technolimgihe local areaThese four preserved
survivors are;

1. The18" centuryhaystack boiler excavated at Califat Colliery.

2. The Newcomen Engine House at Ashby Wolds dating from 1805.

3. Theearly-18" centuryNewcomen engine originally used at Oakthorpe and subsequently
moved to PentriclColliery and novpreserved in the Science Museum.

4. The Newcomen pumping and winding engine from Reservoir Colliery now preserved and
displayed at Henry Foidusuem in Dearborn, USA.dBablybuilt at the end of the 18 or



Califat Haystack Boiler Significance AnalysimR. August 2017

early 19" centuries, it has acastintofh NBLJX  OSYSy i NRO{Ay3 o6SIY W
that it was probably cast at Moira Furnace.

Early Haystack Boilers Significance
Any surviving 18century boiler igare and significantthe Califat boiler igin important example of
boiler technology used tdrive thebeginnings of the industrial revolution

The inventory of haystack boilers below indicates their rarity and historic vehere are seven
haystack boilers in preservation;

Musuem/Institution Status
1 Leicestershire Museums On loan to Swannington Heritage
Trust and on display

2 Science Musuem, London Storage

3 Black Country Living Musueiudley. Storage.

4 Cheddleton Flint Mill Industrial Heritage Trust On display.

5/6 | IronbridgeGorge Musuem Trust Two boilers neither on display
Other Status
7 Remains of haystaclobder alongside Scheduled Ancient Monumenised at

Glamorganshire Canal at Abercanaid, Trgetiw. | Gethin Pit, latter used as a water tan
and airraid shelter.

There has been no comparison study carried out on these boilers to establish their age, method of
construction, metal analysis, pressure capacity drartoriginal user locality.

Recommendations.

The rarity of he Califat boiler makes it a sign#itt artefact in the history of steam technology and
therefore is of nationafand internationaljmportance. The conservation of the boiler over the last
48 years has been sporadic and its display and interpretation limited.

Its current location isccessible during opening hours to the Gorse Mill/Califat Colliery site under the
management of the Swannitan Heritage Trust but its interpretation is minimal, security poor and
conservation norexistent.A programme for its conservation, preservatiordanterpretation is

required and a suggested approach to such a project is;

1 Phase 1. Commission a specialist consultant in the conservation of historic ironwork is to
carry out a detailed assessment of the current state of preservation and recommenslation
for full conservation. The consultant report should also include recommendation for the
02Af SNDa RAaLX I #slohgyeRn pres@0d&idnand EchserSatian. dzNB
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1 Phase 2. Carryout ansessment of a suitable approach fordisply and groposal for
interpretation and access.

1 Phase 3. Produce a comparable study to asseshistoric importance of all seven
remaining haystack boilers. This would offer itself to a Univensétallurgy,archaeology or
history department as a student praje

1 Seek external funding for phad and2, and possibly academic grants for phasth&ugh
the variousmuseumand historic preservation grant streams e.g. PRISM, National Heritage
Memorial Fund, HLF, etc.

Part 2
HistoricDewelopment of theBoiler.

The origin of theboiler.
The boiler prior to the development of the steam engine was an open toppeévessd for boiling
liquidsin industrialor domestic processe3 he €rm boiler was adapted from their use boil water.

FrenchmarDenis Rpinwas in the 1680sthe first steam engineer to enclose the open caldron into
aboiler2 NJ W& G S I fgr fordipib&esasingViidhe advent othe industrial steam engine in the
1690s a vessel was needto heat waterand capture the steam in a closedsselconsequentlythe
Wteam boilefvas developed.

Early boilers were copper constructions but by tharly1700s he main body of the boiler would be
wrought iron with a lead or copper dome, which would later be replace with wrought iron.

The develoment of the Haystack Boiler

The advenbf the atmospheric steam enginia 1712 wasleveloped by Thomas Newcoméar the
drainage of minesequired a boiler that could retain the steam vapour under pressune to stop
the air from mixing with the steam.

Early haystack boilers were not made to withstand higkssuresteam and had littlevorkingsteam
pressureas low as lliper square inch, aigh pressure boiler of the lat&8"/early-19" centuries
would be pressurised at arouri to 120Ibs per squariach. These early boilers welitle more
than a tank that had to be strong enough to resist the pressure of the weight of the water it
contained and the direct applicatiaof heat of the fire on it undeside.

The steam did nadrive the piston by fore but to create a vacuu to allow the piston and pumio
be driven by atmospheric pressure. The Haystack bodatdthe water to a sufficietemperature
so that when the steans injected into the cylinder it does not condense on contact with the
cylinder butwhencold wateris addedo the cylinderthe steamcondengs and createa partial
vacuum.

These engines were not efficieascold waterhad to be regularly injected into the boiler and
cylinder, redeing the engine and boiler thermaficiency,consequently they require large
guantities of coal. They werbowever, particularly successful at coalminesaacheap source of coal
was readily available
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From 1712 Newcomen stipulated the boiler should be directly undecytiader. By the 1774 John
Smeaton had moved the boiléy the side of the cylinder and by 1775 had even increased the
number of boilers used from one or dwwhich was the norm, to thre@ne underneath the cylinder
and two on either sideAt least two boilers were employed to ang a sufficient and constant
supply of steam.

By the 1790s experiments were being carried out to increase the pressurised effiofehey
haystack boiler; James Watt had used them on his earhol€ke power rotative beamengines and
Trevithick had eperimented with high pressure haystack boiler in 1803/04.

By early late 1790s the haystack boiler was old technology and unadaptable for the new generation
of higher pressure steam engines. New and more efficient types of lvadler being introduced,

such as thedaggon boileflnamed because it looked like a covered waggaitich wasnade fran

the 1770s to the 1820s arfdvoured by James Watt and Richdnevithick

With the advent of thesteam enginghat used steam pressure in an enclosed cylinder to drive a
singleor double acting piston dire@ more efficient steam generator was required and from the
1800s through to the mid 9" century¥ggendCboilers were usedBoth Waggorfand WggendQ

boilers could beeasily adapted to higher pressure steam generation which in turn lead to the large
OBfAYRNAROIFE W[IYyOFIaKANBQ (el o02AfSNAOD

By the mid19" centuryY 2 & &yst&kKboilers were either scrapped or usediadustrial or
domesticwater tanks oreven aspre-water softencisternsfor the more efficient steam engine
boilers.

Eighteenth CenturyConstructionTechniques; Boilers

Haystack boilers were manufacturedindustrial sized iross 2 NJ & a8 dzOK & GKS 5F Nb&c¢
CoalbrookdaleThomas Horton of West Bromwich, John Wilkinson of Bradley and Bursham

Matthew Boulton of Soho, Birmingham, Nicholas Ryder of Northwialh,Parsons of Burtempon-
Trent,JonatharWoodhouse of Ashbge-la-Zouchand Samual Palmer of Litchfield who speséd

in boiler tops

The boilers were constructed using wrought iron platenn@ered in to shape anhky themid/late-

18" century rolles were used to shape the plagavith mixed success. The platasged in size from
0cC ¢ ¥1/8¢thiék(915mm x 53tm x3.12mm)ii 2 H ¢ & 1/4Bthick (66®mm x 533mm x
6.25mmp { 2YS LI I 1S5& Onvilxwmkd & (IRY&nObHry ¥ I55nin wide
6.25mmthick). The size of the boilers would vary and there are many contemporary scales and
calculations to dtermine the required size and volume of boiler to produce enough calorific volume
of steam to drive a specific type of engine. Sizes ranged from 8ft (2440mm) to 15ft (4572mm)
diameter at the centre and would range between 1 and 40 horse power dependitige@ize and

use of the engine. [NB the Califat boiler plate sizes correspond to these general sizes.]

It is worth noting that a boiler could be around 7ft (2134mm) or 8ft (2440mm) high but only 2ft
(610mm) or 3ft (915mm) of water would be in the boileith steam occupying the remainder of the
space.

The boiler would be prefabricated and transported to the engine site as shaped plates to be built up
by local blacksmith using riveBoulton and Watt instructiosifor a boilerconstructionwas;
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din making aoileryou should use rivetbetween5/8 inch (15.6mm) and 3/4nch

(18.75mm) diameterin the bottom and sides the heads of the rivets should be large and
placed next to the fire, or on the outside, and in the boiler top the heads shoutsh ltlee

inside. The rivets should be placed?ahch (51mm)distance from the centre of one rivet to

the centre of the other, and their centres should be about 1 inch (25.5mm) distance from
the edge of theplate. The edges of the plate should be evenly cut to a line, both outside and
inside. It ismpossibleto make a boiler top truly tight which is done otherwise. After the

boiler is all put together, the edges of the plates should be thickened up, add slase by

a bluntchisel about 1/4 inch thick in the edge impelled by a hammer of three or more
pounds in weight, one made holding and moving the chisel gradually while the other strikes.
All the joints above the water [line] should bestted with a ®lution of salanoniac

[ammonium chloride NAE] in water or rather, in urine, which by rusting them, help to
makethem steam tight. After thdoiler is set, it may be dryddic]by a small fire, under it,
andevery joint and rivet abovevater [ling] painted over with thin putty, made with whiting
andlinseed oil, applied with brush. A gentle fire must be continued until the putty
becomegquite hard so as scarcely be capable of being scratched off by the thumb nail,

but caremust be taken nottdurnthelddzi G & X y2NJ G2 € S @S 2FF TFANB

Rivets were probably made on site by the blacksmith and@81 Henderson recommends rivets
aK2dz R 0SS aXioAOS KSR G(OKKASCE] theshitler FAIGHK dyFas o) | &
pressureleaky boilers codl be repaired using lime putty or mud

By 1790 boiler making had become a distinct branch of the ironworking industnyene
constructed at the work#or delivery to the enginenl1792 John WIikinson was the first to start
testing the boilers for their tightness before delivery.

Eighteenth Century Construction Technique8oiler Seating

The foundations or boiler seating thfe haystack boilewas integral to the efficiency of the boiler

The fire would be set directly undére boiler base and the circular brick seat would have a circular

ONAR O] FfdzS o6daAfd | NRPdzyR GKS AYyaARS 2F GKS ol asSo
the hot gases around the boiler to the chimney giving additional calorific value tingegtae water.

A manual for theconstruction of boiler seats [settingwas published in 1779 and describes the

construction,
GLY o0dzZAf RAY3a (KS 02AfSNI AaSGGAY3 tAYS Y2NII NJ :
parts exposed to the fire or flame shiol be laid in a mortar composed of loam or sand and
clay. Long pieces of rolled iron should be laid in the brickwork to prevent it from splitting,
and pieces of old cart tyre or like iron bars placed under the boiler, between it and the
bricks, to presrve it from being burnt out. Four cleaning openings should be left at
convenient places to afford access to the flues; normally these are to be closed kpctine
brickwork. One of these openings may be over the fire door and another in the chimney
behind the damper. The damper is to be fitted in a groove in the brickwork, and may be
provided with a counterpoise. Immediately above the brickwork of the boiler setting an
opening must be left in the chimney on the side next the boiler; this is fittéll avsliding
door which may be opened more or less to admit air to moderate the chimney draught.
The boiler top above the setting is to be covered with a thiredh layer of horse or cow
dung, then with a onench layer of lime mortar, and with two caaes of bricks standing on
their ends. This covering makes the top steam tight, and also defends it from the cold and
rain, so that a boiler house is not necessary. The mortar employed must be such as stands
g G.SNE
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This describes a seating for a botleat is not directly located beneath the cylinder.

Eighteenth Century Construction Technique8oiler Costs.

There are a number of accounts from mine owners and engineers that give the evgfioé and
boiler manufacture, what is not always cleartiése costs are solely for the iron work or include the
boiler seating

1727 ANewcomen engingvith a boilerinstalled at Edmondstone in Scotland in 1727 voss
£1007.11.4(around £300,000 in tod& money. This included £75.10.0, for the boiler
Ensnnn Ay (2RIF&Q& Y2ySeé inkenalikicacdh fediedkRSR G KS 6

1727 Cost of Newcomenengine ata Wednesbury pit itstaffordshire without a boiler was
£418.19.0(- NP dzy R mMcbdnZnnn). Ay (2RI &8Qa Y2ySe

1732 Cost of a boiler alesmondCdliery in Newcastle wa8126.4.0(F N2 dzy R monXnnn Ay |
money).

1733 Cost of afire engindln Newcastle upon Tynewas £849 NP dzy R MuHanZnnn Ay (2
money).

1775 CQost of a erecting an atmospheric engine was £1,985.16.8amahd£2,000 with labour,

02OSN) monnInnn AYy G2RI@Q& Y2ySeuvo

This engine can be broken down into its constituent parts;

Engine house antvo boiler setting £580.0.0 house £420.0.0 and boiler
seats £160.0.0

EnginewdJ & o6nyé¢ RAI YS( ErRHU.1.07 ¥ including 823q.080for two
12ft diameterboilers

Pit head tackle for lifting pump works £66.10.0

Pit works for the pumps in the pit £584.16.8

As can be seen by the modemonetaryconversion the financial outlay for an engine dudler was
substancial and comparable with the plant outlay in grsday engineering projects, e.g. a
reconstructed steam boiler along the pattern of an early Z&ntury steam road tractor is around
£20,000 to £30,000.

Conclusions.

The Califat boilecompares favourably with the size, construction and use of alifitcentury

boiler. It would be useful to compare this boiler with the other six in preservation and to extend the
research to the purchasers, cost, distribution, application, reuse and development of atmospheric
steam engine in Leicestershire and South Dshig coalfield.
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Appendices

Appendix T Construction Detail Califat Boiler

Plate sizes
The boiler is inwo sections; base section and dome section.
The base section has 14 wrought iron plates. Visible plate sizes are;

1 MT ¢ ExOm/Koy @ K MK @32mm x 1016mm 10/12mm)
2 16¥4 nkh oy o Ky & K M K49 m x 1016mnx 10/12mm)
3 13% ni dgé Oo K y G K (@48mnéx 1016mmx 10/12mmn)
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17%% nt odgé Oo K y G K (M4dmng x 1016mmx 10/12mn)
Hné niogé Oo ky & k MBOBMEMX 1016mnmx 10/12mm)
Mp & nisgé Oo K y & kK M38hmimx 1016mnx 10/12mm)
Mopén niské Oo K y & kK M482mimx 1016mnx 10/12mm)
M hén nkyé3/8a k MK n € (482mmx 1016nm x 10/12mn)
17%% ni odgé OO0 K y G K (@4dmnéx 1016nm x 10/12mn)
10 My & nioé Oo k y & kK M46TmEMx 1016nm x 10/12mn)
11 MT oy nogé Oo0 Ky & K (MAdmnéx 1016nm x 10/12mn)
12 w7 oy nofé Oo Ky & Kk (#44mnéx 1016nm x 10/12mn)
13 Mc & niogé Oo k y & kK MA0BmEMx 1016nm x 10/12mn)
14  wmy én nogé Oo Ky & Kk M4ASTImmx 1016nm x 10/12mn)
NB Ald aboutan inch (281m) for the riveting ovefap of the plates.

© 00 ~NOoO oA~

Dome section 16 wrought iron plates cut in a truncated triangular form. ¥ipiate sizes are;

1 Mpé B orkéy € K o@8Bmmx c1524mnx 4/5mm)
2 184 E EOcOHéK y é Kk GHROpnmx c1524mnx 4/5mm)
3 MT ¢ H oikéy € K o(#3gremx c1524mnx 4/5mm)
4 MT ¢ B orkéy € Kk o(|3gmmx c1524mnx 4/5mm)
5 Mc é¢ B @oikéy € k o(kOgramx c1524mmnx 4/5mm)
6 Mné B @oikéy € k o(B5Bmmx c1524mmx 4/5mm)
7 18%E  OF n®H K y € Kk o4&ZQmémx c1524mnx 4/5mm)
8 Mdé B oikéy € K o(|8Bramx c1524mnx 4/5mm)
9 184E OF n®H K y é Kk GROmX c1524mnx 4/5mm)
10 184E OF n®H K y é Kk EROmX c1524mnx 4/5mm)
11  wmdpé HE okéy é K o(®8Bramx c1524mmx 4/5mm
12 Mp ¢ B orkéy € K o(B8tmmx c1524mnx 4/5mm)
13 14v¢ E EOcOmé y £ k (B&8mmx c1524mnx 4/5mm)
14 17v4 E EOcOmHéK y ¢ k GMdynmx c1524mnx 4/5mm)
15 Mpé B orkéy € K o(|8Bmmx c1524mnx 4/5mm)

16 19%% E EOOmék y é k (185pnmx c1524mnx 4/5mm)
b. ¢KS  S(y534ink)is Arfestimate duo the constrictionof the building surrounding
the boiler in its currat location. Ald aboutan nch (23nm) for the riveting ovetap of the plates.

Wrought Iron Plate Patching

There are 8 wrought iron patches

Base section

1 mné f 2y 3(356mmiidéng xR/ wide) horizontal

2 hé f 2§ 36 E®BBnolong x 184mm wide) longitudinal

3 nHé H 2yE3(1@6XnrSong 203mmwide) longitudinal

4 Hcé f 2y 3(66Emnyldng @0Ankrvide) longtudinal

5 océ f 2y 3(91Bmnyldng 20Ankrvide) longitudinal

NB Plate 1 has been filled with a fibreglass panel repair and the original wrooiglpi@te repair
may have been longer. Plates 3, 4and 5 oveildph ONB I S 2y $(2652mAdThédt isi OK y Q
probable add annich (2%nm) for the riveting ovetap of the plates.

Dome section
1 onéf 2y 3 (FB3mmidongsiNGrnwide) longitudinal
2 HMmé £ 2y 3 (5B3mmleng x365mRviEde) longitudinal
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3 nné f 28y 3 @AR Bomjong x165mmwide) longitudinal
NBR I iSa G(GKSasS LI fSa 2@SNI@518mmZhe@isProbadad@ayiS f 2y 3 L
inch (2%nm) for the rivetingover-lap of the plates.

The rivet head
I 02 y a(@9myh)diameterrivet head Centres paced ati € O ponm Mierhase sectioand

MOYIGY R Mcd onnYYknpYY OKSNB GAKES |RyZ2983%0)BAENEHIcA 83/ dm £¢
plates e.g.

Pipeopenings

Base sectior? pipes with flanges

1 n §102mm)diameter

2 ¢ €153mm)diameter

Dome section2 opening one with a rigkdingle jointed pipe

1 On(@102mmR A I YS i S NJcymmiflangem H &

2 Opening on the crest of the dongeunable to determinediameter

Plate sizes and shapdnot to scale)

Shape of the dome section plates  Shape of base section plates Base patch plate 1
Mné xB/8 dé

Base patch plate 2
hé Ex5M80 d

Patch Plates & 3 configurationDome section

~

oné EE orkéy ¢

Patch Plates 8 5 configuration Base s&on
nNHE Mkyég H2 pkKyé océ EE mkéné (2 pkKyéHcé E
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Appendix 2 Preserved Newcomen Engines
There are six persevered atmospheric/Newcomenieeg wth originsin the UKthree havea
Leicestershire provenance.

Place of Original Location| Dateand maker | Use Notes
Preservation
England
The Newcomen | Griff Colliery, Date unknown Pumping Moved to
Engine, Nuneaton but about 1720s Oakthorpe
Dartmouth and maker Colliery
unknown rebuilt Leicestershire.
by Jonathan Moved to
Woodhouseof Hawkesbury
Ashbyde-la- Junction on the
Zouchin 1821 Coventry Canal,
Warwickshire
and workedfrom
1821¢ 1913
Moved to
Dartmouth 1963
Science Musuem| Oakthorpe 1791 Francis Pumping Moved to
London Colliery, Thompson of Partrich Colliery
Leicesterhire. Ashover Derbyshire
Elsecar, near Elsecar Colliery, | 1795 Maker Pumping Rebuilt 1836 and
Barnsley Yorkshire unknown in use until 1923
Yorkshire
Black Country N/A. 1986 Pumping Replica of the
Living Musuem, Dudley Engine of
Dudley 1712
Scotland
Summerlee Farme Colliery | 1810 John Winding Engine | The only
Musuem of near Rutherglen | Mackay Newcomen
Scottish windingengine in
Industrial Life UK
Glasgow.
USA
Henry Ford Reservoir Date and maker | Pumping and Rebuilt with new
Musuem Colliery, unknown winding rocking beam
Dearborn Leicestershire with place and

date cast into
dgazANI. ™
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Henry Ford Fairbottom Bobs,| Date and maker | Pumping
Musuem Cannel Colliery | unknown but pre
Dearborn Fairbottom nr 1764
Ashton under
Lyne
Appendix 3: Photographs of the Califat Boiler
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Top pipe 28 century addition

Patches Dome Section Plateg 3. Patch Base Section Plate 1
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Internal Photographs (Courtesy of David Lyne)

Domed roof

Join of the base with the dome

Top of fire dome at base of boiler Fibreglass repair to dome

Join of the base with the dome Fibreglass repair to dome
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