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DELTA MILL CONSERVATION STUDY 

L INTRODUCTION 

This report explores the origin, evolution, present condition, and significance of the 
'Stone Mil l ' at Delta and the optimum practical means for its conservation and 
enhancement. The structure is a landmark not only for the quality of its architecture and 
construction, but also because it represents the birthplace of settlement for this region, the 
rationale for the village which has grown up around it and is emblematic of early industry 
in the then young Province. It is the province's earliest surviving purpose-designed 
manifestation of 'the automatic mill ' , following the great revolution in milling 
technology developed by the American inventor Oliver Evans at the end of the 18th 
century. The early history of the Mill is intertwined with some of the region's most 
important families. 

Fig.l The Delta Mill - South Elevation 

*Footnotes are included in the Historical Background Section of the Report. 



The Delta Mill occupies a picturesque site at the heart of the village of Delta, on Highway 
42, at the 'millstream' connection between Upper and Lower Beverley Lakes (Fig.2). The 
first mill at the site was built by or for area pioneer Abel Stevens c.1796 on the natural 
water course of Plum Hollow Creek, slightly to the east of the current millstream. 
Stevens' dams and subsequent millponds began the dramatic change in area hydrography 
which resulted in the creation of Upper Beverley Lake. His timber frame mill was 
operated from about the turn of the 18th century until 1808 by Nicholas Mattice, U .E .L . 
In 1808 Stevens sold the mill property to William Jones who with his business partner Ira 
Schofield had, by 1812, constructed in local stone, the handsome structure which largely 
remains extant today. Jones' new, higher dam on the blasted out millstream channel 
completed the lake creation process begun by Stevens. The stone mill appears to have 
been powered by a breast wheel and the scale and detail of the building strongly suggest 
the influence of Oliver Evans' first prototypes and thus the early utilization of the Evans' 
automatic process. The waterwheel remained the powering technology for the mill 
through the ownership of Jones' widow Amelia and her husband James Macdonnell. It 
was the subsequent owner, Walter Denaut who replaced the waterwheel with turbine 
power c.1860, constructing the turbine shed in the area of the original sawmill, to house 
the turbines. His technical improvements brought the mill back to prosperity and for that 
period it probably had a modest 'merchant' function as well as providing for the local 
clientele. In the 1890's George Haskins converted the mill to roller processing and was 
running the sawmill with a steam engine which also eventually provided electricity via a 
Dynamo. By 1922 however flour milling at the Stone Mills had ceased when the building 
was converted to a feed mill by Hastings Steele. This included 'dropping the husk' to its 
current location. 

The mill ceased production after 1949 though the owner still controlled the water level at 
Upper Beverley Lake through the mill dam until 1962 when a new concrete dam was 
built upstream. Steele, though clearly attached to the old mill, could not really maintain 
the large structure and it fell into disrepair. In the early 1960's the fate of the building was 
in question but Steele facilitated its being turned over (for $1.00) to a group dedicated to 
its preservation, the nascent Delta Mill Society on condition that it become a museum. 
Largely through their efforts threats to the building were staved off, the building was 
declared a national historic site (1970, plaqued 1973) and in 1973-4 the building was 
stabilized and restored, opening to the public as a museum. 

While much of the Society membership has changed the dedication has remained and 
thus an ongoing commitment to building maintenance, research, relevant artifact 
collection, improved display, fund-raising and the acquisition of the adjacent Denaut 
carriage shed and the old Town Hall. A desire to comprehensively plan for the building's 
future (as well as better understand its past) was further catalyzed by the recognition of 
potentially serious (in the long term) structural problems at the Mill leading to the 
initiation of this current Study by The Delta Mill Society. 

As a building which is both a national and provincial landmark it was accepted into the 
federal government's cost-sharing program for national historic sites in 1993 with both 
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levels of government as its potential partners. This Conservation Study, which serves to 
underpin the nature and extent of the site's significance and delineates the program 
required to preserve its structural and architectural integrity, is a necessary pre-requisite 
for receiving funds through that program should such become available. 

Fig.2 Air-photo of Delta Area c.1952 
(Air-photo Library, Queen's University) 
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I I . REGIONAL/PROVINCIAL CONTEXT OF T H E M I L L 

The Delta Mill is unique in the Province of Ontario. It is the only remaining stone grist 
mill predating 1812; one of only three mills surviving from that early formative period 
and the most architecturally significant. The John Backhouse Mill, Port Rowan (Fig.3) 
and the Balls Falls Mill , the other, pre-1812 buildings are relatively modest wood frame 
structures. The Delta Mill is the earliest surviving mill which exhibits the built-form 
characteristics of having been designed for Oliver Evans' 'automatic process'. It is a 
particularly fine example of the synthesis of British Palladian stylistic sensibility with 
industrial function. There are a number of other stone mills e.g. McDougall Mills, 
Renfrew(Fig.4) which are generally similar in appearance but these are virtually all post 
1830. 

As indicated in the introduction the millsite can be considered the birthplace of Bastard 
Township and is the key remaining settlement site on the Gananoque waterway north of 
the town of Gananoque itself. It is thus appropriate that it is here that past local industries 
and settlement lore is collected and commemorated. The Mill's continued presence keeps 
alive the sense of other seminal developments such as the Lyndhurst ironworks; the 
Hicock foundry; local marble quarrying and cutting; area lime kilns and the Brockville 
and Westport Railway. With sites such as St. Paul's Church and the Lyndhurst Bridge it 
assists in preserving a sense of that first period of significant development in the area. 

The Stone Mill is important in the context of the Rideau Canal System specifically 
because it pre-dates the Canal. A mill of its scale and pretension would never have been 
built at that location once the optimum transportation corridor to the St. Lawrence had 
been clearly established elsewhere. Indeed the owners of the Mill in the 1830's lived in 
hope that a link with the Canal would be established. When Stevens and then Jones were 
building it was possible for them to envision a main transportation route which might 
come down the Gananoque system as opposed to, or along with, the Cataraqui. The 
stonework of the mill provides an interesting comparison with that of the Canal related 
structures, evincing a high level of skill from a time before the influx of Scottish masons, 
associated with the canal building process, established their legacy of fine stonework 
throughout Eastern Ontario. 

In general the Delta Mill forms an important component of the network of historic sites 
which allows the Kingston/Brockville area to still provide a relatively comprehensive 
picture of the Province's past involving the full range of domestic, ecclesiastical, 
institutional, military and industrial aspects. 
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Fig.3 Backhouse Mill, Port Rowan c.1798 
(from Watermills of Ontario, Quebec, & Maritime Canada) 



I I I . CONCEPT STATEMENT 

The Delta Mill Society's Mission 

As is made clear both directly and indirectly throughout this Study the Delta Mill 
Museum's most significant artifact is the Mill building itself. It is the many attributes 
manifested in that structure, discussed to a large extent above, that will always make the 
museum unique. Furthermore recent research has served to clarify how close the Delta 
Mill is to the Oliver Evans' prototype, giving further justification to the Mill Society's 
stated aim "to preserve the Delta Mill and at some time to restore it to working order. We 
will show its changing technology and purpose up to the present time." 

The Mill Society is also dedicated to "show, through exhibits and artifacts, how the grist 
mill was one of the most important elements when Delta was first settled, and to research 
the evolution of the communities served by the mill. There will be emphasis on the 
establishment of the industries of the area, and the changing patterns of economic activity 
in response to various influences, especially technology, up to 1900." 

Thus there are clear foci to the museum's objectives: the mill itself, particularly as built, 
but also including its later water-powering and milling technologies and beyond that the 
cultural geography/social history of the region, particularly as expressed through the 
area's past industries. Of special importance to the clarity and relevance of focus is the 
defining of the region as the "communities served by the mill". 

The Conservation Study 

This Conservation Study will examine in detail the historical background and 
architectural evolution of the building as the basis for understanding its significance and 
responsibly planning for its future. Furthermore the present condition of the Delta Mill 
will be comprehensively reviewed in order to develope a program for the careful, long 
term conservation of the building consistent with its status as a national historic site. 
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IV. GOVERNMENT DESIGNATION STATUS 

The Delta Mill has long been recognized by all three levels of government as being of 
special importance. 

Federal 

In 1970, following a background study (agenda paper) the Delta Mill was recommended 
for designation as a historic site by the Historic Sites and Monuments Board of Canada 
(HSMBC). The Board minute recommending designation reads: 

"that this mill is of national historical and architectural importance and should 
be commemorated by a plaque; and, in view of its physical condition, should be 
drawn to the attention of the appropriate authorities of the Province of Ontario." 

The site was duly plaqued in 1973. The plaque reads: 

OLD STONE M I L L 

The first mill on this site was built about 1796 by Abel Stevens, a loyalist and 
early industrialist from Vermont. After 1800 the property passed to a member of a 
prominent local family, William Jones who by 1810 had constructed the present 
stone mill. One of the oldest surviving mills in Ontario, it is a fine example of 
Canadian architecture and a reminder of the pioneer industrial development of 
Eastern Ontario. 

In 1993 the Mill Society requested funding assistance through the National Cost-Sharing 
Program and a second agenda paper was undertaken to consider the status of the Mill 
relative to other historic sites applying to that program. A cost sharing partnership was 
developed which included the federal and provincial governments along with The Delta 
Mill Society and though funds are not currently available this relationship is still in place. 
In acknowledging the acceptance of the Mill into the program (January 23, 1993) it was 
recommended that "any Program funds which might be provided in that regard be 
directed towards mitigating the Mill 's potential for structural failure in the long term." 

Provincial 

The Mill was one of the first projects funded by the newly formed Ontario Heritage 
Foundation (OHF) in 1973-4. The Ontario Ministry of Natural Resources was also 
involved with stabilization work to the Turbine Shed associated with improvements to the 
stream channel at that time. The Province has maintained its interest in the building and 
annually provided the Society with the Heritage Organization Development Grant 
through the Ontario Ministry of Culture. This grant has been reduced in the last two years 
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due to general 'cutbacks' in the Ministry programs. The Province is a partner in the cost 
sharing partnership described above. 

Municipal 

The Township of Bastard and South Burgess has designated the building as being of 
architectural and historical significance under the Ontario Heritage Act, January 16, 1978 
(By-Law no.477 appended). 

Public Benefit /Economic Benefit 

The ongoing preservation of the Delta Mill provides the public with an opportunity to 
appreciate one of the best and earliest examples of the industrial architecture of Upper 
Canada and assists them in understanding the nature of early water-powered grist milling 
and the ensuing changes in grist milling technology. Displays within the museum broaden 
this understanding to include other historic industries of the region. The quality of the 
architecture and the siting of the building make it both an aesthetic and educational 
experience. As a result of the findings of the recent archaeological study and this 
Conservation Study there is the potential to make the public more aware of the genius 
inventor Oliver Evans and the impact of his innovations on milling practice particularly 
as reflected at the old Stone Mill. 

The Delta Mill acts as a repository for area artifacts, photos and documents related to 
local industry which might otherwise be lost but are critical to the identity of the area as 
well as being an important resource for scholars. 

The Mill makes the Village of Delta a tourist destination. Delta becomes a stop on the 
Highway 42 tourists' path which translates into spending on Main Street. Visitors end up 
eating at the local restaurant and buying pop, ice-cream and film at the general store etc. 
Summer cottagers on the adjacent lakes likewise make a trip to the Mill as a change 
and/or rainy day diversion. Special events such as the Maple Syrup Festival in which the 
Mill plays an important role bring in large numbers of people into the region. 

The proposed stabilization and restoration program will ensure (along with continued 
maintenance) the long-term preservation of the structure and the heritage attributes which 
characterize it as a national historic site. 

The restoration of the building will serve to increase public enjoyment and safety and 
expand educational opportunities at the site resulting in increased visitation with an 
economic spin-off for the area. As well the actual work on the building will provide 
employment to local trades and artisans and give a boost to materials suppliers. 
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Public Support 

Public support for the Mill and its current building conservation objectives is perhaps best 
indicated by the excellent response to a request for letters of support solicited by The 
Mill Society in association with its jobsOntario application in 1994. The percentage of 
response to the over 160 solicitations was 49%, an unusually high return. The 
respondents included Councillors, representatives of the area's business community, the 
region's newspapers, and managers of other important historic and natural sites within 
Eastern Ontario. The sentiments expressed in response make clear that the Delta Mill is 
appreciated as an important historic landmark and educational facility; is considered a key 
component in tourist visitation to the area and that its conservation and enhancement is 
thought of as critical to the region's economic future. 

Fig.5 Hydrography sketch due to Stevens' dams c.1799 
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V. H I S T O R I C A L BACKGROUND / A R C H I T E C T U R A L EVOLUTION 

Abel Stevens and the First Mills (c.1796-1808) 

The story of the development of the Delta Mill site extends back to the state of Vermont 
at the time of the American Revolution. It is from here that Abel Stevens, frontiersman 
and devout Baptist, emigrated, in 1793 having served the British in an undercover 
capacity during that conflict. The timing of his move suggests that he was particularly 
motivated by Simcoe's proclamation of February 7, 1792 inviting Loyalists still residing 
within the former colonies to apply for land grants in the new settlements to the north.1 

Stevens petitioned and originally was granted land for himself and each of his children in 
Scarborough Township. However as an experienced woodsman he continued to explore 
the unsurveyed hinterland beyond the established Townships for what he considered an 
optimum location for settlement. His criteria included a good potential millseat.and his 
general considerations may well have been influenced from the start by a desire to create 
a Baptist community resettled from Vermont. The area which most met his liking was 
east of the Rideau Lakes (where his older brother Roger had settled and by 1793 had 
already established a sawmill), beyond the Rear of the 'Ninth Township', in the upper 
reaches of the Gananoque River watershed.4 

This area included at least two potential millseats and was surveyed by William Fortune 
in 1794 not long after the arrival of Stevens' Vermonters. Stevens began earnestly 
petitioning for confirmation of title to this tract for himself, his family and for the five 
other Baptist families from Vermont for whom he acted as spokesperson. His petitions of 
1794 describe how the Vermont Baptists had brought 'Mill Irons' with them and 
'Mechanics to erect the necessary buildings' possibly including a millwright along with 
more general timber framers. This confirmation was slow in coming and indeed the right 
to the prime mill sites was contested by the powerful Sherwood clan leaving Abel to 
complain that the 'Iron work for Mills are laying by & Damaging by Rust' in his petition 
of May 1795 which restated his case for ownership. However, in the end his value as a 
catalyst for settlement seems to have been recognized by the government and rewarded 
though perhaps not to the full extent which Abel Stevens would have wished. The 
Surveyor General was first directed to "endeavour to accommodate each (Sherwood and 
Stevens) with a separate fall on the Gananoqui water" (June 19) and later "that Abel 
Stephens and his Associates should be confirmed in their present Improvements.5 

E.A. Cruickshank, "The Activity of Abel Stevens as a Pioneer", Ontario Historical Society 
Papers and Records, Vol. X X X I , 1936. p.56 
Ibid. 
A .M. Caverley M.D., History of the Town of Pittsford Vt„ with Biographical Sketches and 
Family Records , Rutland: Tuttle and Co. Printers, 1872. 
Petition of Abel Stevens to the Land Board May 17, 1794 exerpted in Cruickshank "...Abel ...as 
a Pioneer", p.57 
Petition references 1794-1795 from Cruickshank, pp.57-63 
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Although the exact date of the erection of Stevens' mills is unknown his mill, mill dam 
and the mill creek are all noted by the surveyor Lewis Grant in 17976 as he checked and 
refined Fortune's and Sherwood's earlier work. Interpreting the exact location of the 
original Mill is somewhat problematic partly because first Stevens' and later Jones' mill 
ponds ( which between them created Upper Beverley Lake) have so changed the original 
hydrography and partly because Grant's notes refer to the mill, mill dam, and creek either 
as being in Concession X (the upper reaches of the lake are still within that concession) or 
possibly is simply using these features as descriptive reference points for placement of 
the Tenth line. In any case Grant begins to refer to the mill creek at Lot 7 (as well as 
'improvements by one of the Stevens') to Lot 11 where he notes 'corner mill pond rise'. 
Above his entry to Lot 17 he notes 'Mr. Stevens' Mill dam'. At Lot 20 he indicates 'small 
creek/mill run 3 ch(ains) to left.' Then at Lot 23 he records 'Mill creek then run S 36 
degrees 14 chains across creek then continued line 54 degrees to W. Mr. Stevens' Mill 4 
chains to the right then run S.' The configuration which this arrangement would seem to 
produce is presented in Fig.5 . From Lewis Grant's remarks quoted earlier it would 
appear that Steven's original Dam (Lot 17) was located a long way from his mill (Lot 23) 
and the millpond is noted as commencing at Lot 11. However in his sale of adjacent 
property to his son in 1799 the 'millpond' indicated as being (in part at least) on Lot 21 
and 22 is used as part of the boundary designation (see page following). This may 
indicate Stevens' use of two dams to create two storage ponds (a not unusual practise to 
ensure consistent flow), that the dam on Lot 17 was created to feed a natural pond below 
which the millrun and mill were located or the abandonment and flooding of the Lot 17 
dam with the creation of a higher dam downstream. In any case Stevens' dams and 
resulting ponds began to define the shape of the future Upper Beverley Lake. The narrows 
on the lake remain adjacent to Lot 17, the site of the original dam. (Fig.5) 

To step back even further and attempt to consider the site before any manipulation of the 
waterway it would appear that Plum Hollow Creek, one of the sources of lower Beverley 
Lake and hence feeding the Gananoque system, continued in creek form to Lower 
Beverley its main natural channel to the east of its current location though the lower part 
of the existing stream (below the Mill) was part of that natural waterway. (This 'lost' 
channel included part of the village main street and returned as the flood channel in high 
Spring freshets until the building of the new dam.) There may also have been a smaller 
creek branch more or less at the current location as Grant notes in his 'remarks' for Lots 
21, 22 and 23, Concession I X a "Beaver Dam'; a "Creek runs to the Left' and a Cedar 
Swamp respectively leading to Gananoque Lake. Also in his contest with the Sherwoods 
over the property Abel Stevens states that the Sherwoods believe themselves to "have a 
pitch of eight hundred acres for themselves on each side of the two places where mills 
can be erected with propriety." Stevens property would have encompassed both creeks. It 
appears that the first mills may have been on the original main channel while the later 
Jones' mills were on a diversion created by widening of the channel by 'black powder'. It 

Lewis Grant, Survey of Bastard, 1797. Land Surveyor's Records, Field Notebooks 233, 
microfilm in Stauffer Library, Documents Section, Queen's University, Kingston. 
Discussions with Stu Wright, January 1996. 
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is possible too that the existing channel was first developed by Stevens' as the mill run 
while the natural course remained open to the east of the Mill. 

The primeval forest of the area was a diverse mixed forest including beech, maple, elm, 
hemlock, cedar and pine and it would seem that Stevens' first mill was a sawmill 
particularly required in the construction of the settlement. The mill itself was undoubtedly 
a timber frame structure. 

Fig. 6 Front Elevation 
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Stevens and Mattice w/^C-A-*? <C-A~ 

By 1799 the mills on Stevens' property (which by this time included a grist mill) were 
being operated by Nicholas Mattice. In that year Abel Stevens Sr. sold his son part of 
Lots 22 and 23 Concession I X and the boundary of this property was described as 
follows: 

"commencing at the north corner of the Bridge near Abel Stevens' and Nicholas 
Mattices' mills in Bastard from thence Bounding on the (west?) eight chains 
thence west to the Brook then bounding on the Brook upwards to the corner posts 
between Lots 21 and 22 then on the side in between Lots 21 and 22 S36 deg.E. to 
the mill pond then bounding by the said mill pond down to the place of 
Beginning.8 

In 1803 it is Mattice and not Stevens' who is assessed for a sawmill and a gristmill with 
an additional set of stones, the only mills in Bastard to be assessed in that year.9 Nicholas 
came from a milling family of Palatine German descent who had originally, like many of 
their countrymen, settled in the Schoharrie area of New York state.10 Loyal to the British 
he served with King's Royal Regiment of New York1 1 and was originally granted land in 
Elizabethtown (400 acres) in 1798. He was 49 in 180312, one year older than Abel 

13 
Stevens , like Abel a devout Baptist, and his daughter Lanah married Abel's nephew 
William Stevens, one of the original settlers in Bastard14. Whether Mattice came to 
Bastard specifically to run the mills, be part of a Baptist community, be with his daughter, 
or all of the above is not known but certainly he became so identified with the Mills that 
in most subsequent documents (deeds etc.) referring to the property the mill creek is 
identified as Mattice's Mill Creek. - g T f " " ~ 

It is likely that Stevens' other preoccupations at the turn of the century, such as the 
construction of the road to Kingston Mills and the effort to obtain the right to establish an 
ironworks at Lyndhurst15, necessitated his turning over the milling operations to others. 
Also grist milling required particular expertise and ideally a professional miller. There is 
also the possibility that the original Stevens' mill had burned down16 and that Mattice 

Leeds Land Copy Books, Memorial #286, Deed of Sale:Abel Stevens Sr. to Abel Stevens 
Jr.(1799), Registered March 19, 1812. Queen's University Archives. 
Assessments for Bastard Township, Reel Designation MB 2546-2547, Archives of Ontario(AO). 
'The History of the Elisha Mattice Family', Kingston Public Library. 
Ibid. 
Census for Bastard Township, Reel Designation MB 2546-2547, AO. 

Elizabeth Stevens Stuart, Our Stevens' Story (Privately Printed), ISBN 1-895638-00-3, p.99 
Cruickshank, pp.65-67. 
Jehiel Sliter, "Pioneer Privations", Memoir of original area settler as published in the Weekly 
British Whig in Kingston, November 8, 1894. 
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was also the millwright for his mills or drew on the expertise of his brilliant millwright 
brother-in-law David Brass17 . 

In any case between 1803 and 1807 Mattice continued to be assessed for a sawmill, and a 
gristmill with two run of stones which remained the only grist mill assessed in Bastard 
in that period. Mattice's mill was a centre of area life, manufacturing a staple of the 
settler diet but also providing spiritual sustenance as the premises for the Baptist 

1 8 

congregation to hold religious services . In 1808, the year Abel Stevens finally sold him 
80 acres of Lot 23 Con. IX,19-Mattiees's assessment is reduced to only a gristmill with 

-one run of stones and Abel Stevens Jr. is also assessed for a grist mill of one run of 
stones. Perhaps Abel Jr.'s stones were originally from Mattice's mill. The following year 
Mattice is not assessed for mills but Ira Schofield is listed, as is Abel Jr. 

The same day (June 10, 1808) that Abel Stevens sold the 80 acres to Nicholas Mattice he 
90 

also sold the Mill creek and stream portions of the lot to William Jones . Both 
transactions were witnessed by Ira Schofield. Stevens was clearly divesting himself of the 
mill property which he had petitioned so ardently to obtain. Perhaps the transfer of the 
mill site(s) can be viewed as a generational shift as both Stevens Sr. and Mattice were 
now in their mid-fifties while Ira Schofield and William Jones were in their mid-twenties. 
Abel Jr.'s mill appears to have been on what became known as Foundry or Robertson 
Creek (see Fig.47), the small stream which enters the Mill Creek, a portion of the land 
adjacent having been sold to him by his father in the transaction quoted above. 

William Jones and Ira Schofield (1808-1831) 

Both William Jones and Ira Schofield were scions of extremely well established local 
families. Jones' father Ephraim was, at his death in 1812, one of the largest landowners in 
Upper Canada21 and his brother Charles owned the extensive and lucrative mills at 

22 
Yonge. Indeed their respective fathers were partners in the Ironworks at Furnace Falls 
(Lyndhurst). William Jones is assessed for a house in Bastard in 1808 so had probably 
moved there around that time. 

While hard evidence is scarce, the assessment roll information suggests that Schofield, in 
partnership with Jones, ran the old Mattice mill with its one run of stone in 1809. In 1810, 
only a sawmill was assessed to Jones and Schofield. The account of early settler S.P. 
Sliter is that a second fire occurred before the stone mill was constructed. This could have 
occurred in 1808 and influenced Stevens/Mattice in their departure from milling or after 

Felicity Leung, Grist and Flour Mills in Ontario. Hull: Supply and Services Canada, 1981, 
p.13. 
Stuart, Our Stevens' Story 
Deed of Sale, Abel Stevens to Nicholas Mattis June 10, 1808. D-64 
Deed of Sale, Abel Stevens to William Jones June 10, 1808. D-65 
Elva M. Richards, "The Joneses of Brockville and the Family Compact", Ontario History (60) 
1968, p. 170 
Robert C. Phillips, The Flour Milling Industry and Economic Development in Leeds County 
1820-1850. M.A. Thesis, Dept. of Geography. University of Waterloo, 1991. 
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the initial years of ownership by Jones and Schofield. The stone mill was certainly in 
place by March 18, 1812 when it is used as a boundary reference in a land transaction 
between Abel Stevens' Jr. and Smith Curtis, Innkeeper: 

"...on the West Bank of the... stream of Water called Jones' mill stream 
about 15 rods above the Stone Grist Mill situated on the said stream..."23 

Given the magnitude of the building it is reasonable then to assume construction began in 
1810 with completion sometime in 1811. 

Of note too is that in April of 1812 Jones and Schofield purchased 100 acres of Lot 23 
Cone. X 2 4 and Charles Jones another 31 5/8 acres.25 It appears that the Jones and 
Schofield families were consolidating property around the mill at that time as part of their 
industrial base. 1812 is also the year of Jones' marriage to Amelia MacDonell. 

By 1814 (no assessment records exist from 1811-1813 presumably due to the War of 
1812) Jones and Schofield are assessed together for a stone house, a sawmill, a gristmill 
with an additional run of stone and a 'merchant shop.' 

Fig.7-8. Stonework Details 

Deed of Sale, Abel Stevens Jr. to Smith Curtis, March 18, 1812. Memorial #287 Leeds Land 
Copy Books, Queen's University Archives. 
Deed, Ira Gilbert to Schofield and Jones, April 30, 1812. M.339 ( L L C B ) Q.A. 
Deed, Ira Gilbert to Charles Jones, April 22, 1812. M.335 ( L L C B ) Q.A. 
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The Stone Mill 

The stone grist mill constructed for Jones and Schofield was an imposing structure rising 
three and a half stories from the road way to a gabled roof of medium pitch with returned 
eaves. The scale of the building, together with the quality of the stonework, composition 
and the restrained yet elegant detailing in the British Palladian manner make it a 
significant achievement for this period particularly in a hinterland Township. Its little 
wonder that upon its construction the village became known as Stone Mills2 6 . The 
structure remains impressive even to the jaded modern eye. 

27 
Founded on bedrock , the mill is constructed of regularly coursed, roughly squared local 
stone. It is orientated longitudinally to the street with the openings of that facade 
establishing the classic five bay rhythm of Georgian architecture. The openings are all 
segmentally arched with stone voussoirs and arranged with the main door, slightly wider 
than the other openings, in the centre. The building is constructed largely of the sandy 
crystalline limestone/calcareous sandstone found close to the site. (Both sand and calcite 
are present in varying degrees.) The provincial geologist noted significant beds of the this 
material on neighbouring Lot 24, Concession X in 1904, describing it generally as 
"usually white, but sometimes greenish white, or white with gray bars and stripes. Small 
scales of graphite are ..disseminated through the rock with serpentine, mica and iron 
pyrites". It is the combination of the more purely white/gray material and the material 
with oxidized iron pyrites creating rusty tones which provide the buildings characteristic 
and handsome mottled hue. The key decorative details of the stonework are the quoins 
and the vousoirred arches.(Fig.7,8) 

The quoins are, from just above the first storey, of larger cut stone units, more regular in 
size and colour than the typical surrounding masonry. Generally, a more purely white 
'marble' was selected for this purpose. This material is also evident in the voussoirs over 
the third storey windows. At that location eight units make up the arch whereas below it 
takes eleven (avg.) of the narrower more typical material to arch the opening. This has 
led to speculation that the building was originally two storeys with the third added 
sometime later. It seems more likely however given the ideal requirements of Oliver 
Evans' 'automatic' mills ( Fig.9), the lack of evidence for it on the interior of the 
structure and the substantial resources of the developers that it was intended to be this 
size from the beginning. It is very possible however that full completion was delayed by 
the War (both Jones and Schofield were Company Commanders29) and may have 
restarted with a new mason, working in a slightly different manner. Then too the 
treatment may simply be part of the architectural design, meant to engage the highway 
traveller's eye from a distance with the more sophisticated detailing of the building. Even 

The village remained Stone Mills until 1826 when it was renamed Beverley after Chief Justice 
John Beverley Robinson and still later (1856), took its present name of Delta. 
Inspec-Sol Reporting Letter, November 13, 1995. 
Willet G. Miller, Limestones of Ontario (Toronto, L . K . Cameron Printers, 1904.) p.72 
D.H. Akenson, The Irish in Ontario: A Study in Rural History (Montreal: McGill-Queen's 
University Press, 1984) p. 124.. 
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the smaller quoins and voussoirs show evidence of decorative chiselling over 
naturally striated surface. 
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The masonry treatment as described was carried through the rest of the building. The 
north elevation seems to have always been a symmetrical arrangement of three 
segmentally arched openings per storey with a single window at the gable to light the 
attic level (Fig. 10). Above the stream at the west corner was the arched opening for the 
headrace. 

Fig. 10 North Elevation Fig.l 1 Former door opening 

The south end was less consistent. It appears that the centre bay did originally consist of 
longer service door type openings, though historic photos show that at various times some 
were glazed as window units. There is evidence at both the interior and the exterior that 
the middle window of the ground storey was continuous as a door opening as the vertical 
joint is not 'broken' through all courses below the existing window.(Fig.l 1). Likewise it 
appears when viewed from the interior that the adjacent window over the tailrace arch 
may have actually been the 'waterhouse' door as pictured in Evans (Fig. 12-13). Here 
however there has been a later attempt to tooth in the outer wythe of stone, though not 
successfully achieved. These doors would have required exterior stairs/landings to allow 
access. 

It appears from an early photo (Fig. 14 ) that a circular opening at the gable peak predated 
the typical window. This opening would have been for the shaft projection from which a 
pulley could bring items up from the outside and in the door at the appropriate level 
(Fig.9). At the west elevation the absence of windows at the first storey (as opposed to 
the now-infilled windows of the second storey) indicate the mill to have been designed 
from the outset with an adjacent one storey structure, most likely a sawmill. At the upper 
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two storeys segementally arched window openings divide the elevation into three bays 
(Fig. 15). 

Fig. 14 Historic view c.1890 
( The Delta Mill Society (D.M.S.)Files) 
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Fig. 15 West elevation 

It appears that the stone was laid up in two wythes with a rubble core. The exterior wall 
seems to have been set to a battered profile, angling slightly inwards (though settlements 
have obscured the clarity of this profile) as advised in Evans3 0 while at the interior the 
stonework steps back at each floor creating bearing for the floor beams and/or joists. 
Tantalizing is the discovery of the initials 'W.R' and possibly an 'S ' or ' J ' incised into a 
'cornerstone' at the northeast corner of the building (Fig. 16). Not seeming to correspond 
with the names of any of the owners they may well belong to the mason as it was not 
unusual for masons of the time to 'sign' their more significant work. C. 1811 there would 
have only been a few masons in the region capable of work of that scale and quality. It is 
also possible that the builder was an itinerant mason based in Montreal. A further check 
of the masons working in the area at the time may yet reveal the identity of the builder. 
The initials might stand for the surnames of Issac Waley and Jasper Russell whom local 
lore associate with the construction of both the mill and the original stone bridge.31 

Oliver Evans. The Young Millwright and Miller's Guide. 13th Edition , 1850 (Reprint Edition 
Salem, N.H.: Ayer Company, 1984.) p.209 
Alice Webster, 'The Old Mi l l ' , Athens Reporter. July 14, 1960. 
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Fig. 16 Incised initials 

It is probable that in this early period the window sash were themselves arched to fit the 
original segmental openings opening which would have been a strikingly elegant feature. 
This extra height may have allowed for a twelve/ twelve light configuration prior to the 
twelve /eight sash visible in the earliest photos. The original main door, composed of two 
heavy skins of tongue and groove edge beaded boards made as one by rows of clenched 
hand-wrought nails, is, remarkably, still in place.(Fig.l7,18). This includes the pair of 
hand-wrought strap hinges with eye and curl terminals and an early latch as well. The 
position of the massive original rimlock is still readily legible on the interior. The 
massive jambs, over 24" wide and 3" thick of one plank remain in place. There is much 
writing of note on the interior face of the door including the name 'William' written in a 
very similar hand to the signatory of the Deeds involving William Jones and may be he. 
At the top of the door is written 'William &...' with the name painted/washed out. The 
entry is very reminiscent of the Jones & Schofield entries in the assessment rolls. It could 
be that William expunged his partners name when that partnership dissolved, possibly 
about 1820 from which time only Jones' name appears in the assessment rolls. The mill 
office door, like the office interior was treated more formally than other areas and would 
probably have been of six panel configuration originally though four panels are evident 
on the earliest photos. 
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Fig. 17-18 Mill door details 

Another evidence of the 'fine touches' incorporated into this industrial structure is the 
moulded cornice/soffit which returns at the eaves. The cornice moulding extends up the 
verge as well. It is possible that the cornice may have originally included a gutter which 
was later roofed over though no evidence of a rain water leader was noted on site or in the 
historic photographs. 

The chimney appears to have always been in its present location heating the office areas. 
Wood shingle would be the expected roofing in this early period. 

The 'Prime Mover' and Original Husk Placement 

The nature and location of the original water power/milling apparatus has been the source 
of much speculation. After a great deal of investigation and consideration a picture has 
begun to emerge which differs from many of the earlier theories in certain significant 
details. This 'new' hypothesis is presented below with the rationale from which the 
cumulative assumptions arise. The main basis has been the investigation of 
inconsistencies in earlier theories, careful on site review, detailed review of Evans and 
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Study Team dialogue drawing on the experience of the mill technology consultant and the 
recent findings of the prime investigator. 

It has been conjectured in the recent archaeology report that the waterwheel breast 
extended into a depression in the rock bed of the wheel pit. From that assumption a 
possible diameter of wheel etc. has been conjectured which, despite a number of difficult 
anomalies, would generally be consistent with the husk in its current position. However 
this assumption is based on the tailwater level being approx. 5 1/2' lower than its current 
level. Unfortunately investigation to date has shown this not to be the case. Interestingly 
enough discussions with MNR have revealed that recent work on the Lyndhurst dam 
exposed a rock ledge above the dam which they felt probably represented the original 
water level of Lower Beverley Lake at 90.5 m., compared to its current summer holding 
level of 91.85m. a promising difference of 1.35m.(4.42'). But dams associated with 
various industrial operations have been present at that location since the turn of the 19th 
century typically holding that water at a higher level. MNR's engineer postulated 
somewhere between its natural and its current elevations. As well recent probing both 
within the wheelpit and beyond the tailrace arch indicates that bedrock is higher just 
downstream of the depression32 indicating that the wheel, if set fully within the 
depression would not have cleared the tailwater. This would have been unacceptable, as 
the resulting backwater condition would have negated the wheel's potential pwer. 
Therefore the axle of the wheel must have been set higher than previously supposed in 
order to clear the tailwater. If the axle is set higher (a likely location is the area which 
became the shaft access from the turbine shed) the upper husk timbers impede even the 
small 9' dia. wheel postulated (in the Archaeological Report). (Fig. 19) 

The wheelpit itself would comfortably accommodate a 12' dia. wheel, more typical for 
this type of situation . The husk as currently located does not allow room for the 
crowngear and is in the path of the horizontal drives. Sufficient space for the elevator 
boots below the lower husk timbers should be evident but while there is much evidence 
on the north beam of past elevators there is no room for the boots below the beam. 
Positioning the husk with a millstone directly over the waterwheel is not typical of Evans 
design and unless simply running one wheel off a lantern gear and spindle from the wheel 
itself, quite awkward. It should be noted as well that the husk as it now exists does not 
rest on adequate foundations, is not set accurately plumb and level as would have been 
the original condition, and the bottom end of the tentering posts appear to have been cut 
off. 

Inspec-Sol Reporting Letter, November 13, 1995. 
Following a general rule of thumb of breast wheel diameter being approx. twice the head. 
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Thus it would appear that the waterwheel was set higher and extended higher than had 
been previously considered and that the husk was likewise set higher than its current 
location and to the east of the wheelpit allowing the wheel to extend uninhibited through 
the first storey within a 'waterhouse' (wheelroom) as shown in Evans (Fig. 12). Indeed 
investigation has shown that the southwest window of the first storey was formerly a 
door, the door to the waterhouse as in Evans. Also a shoulder at the stone wall below 
typical second floor level is evident at the southwest (Fig.21), indicating the position of 
the ceiling/floor over the waterhouse which may have differed in elevation from that of 
the husk or the rest of the second floor as in the Evans protoype. The millstone and 
millstone support timbers at the west of the current husk are all relatively recent and 
would have replaced the original millstone supports. This supposition makes sense of the 
much older tentering post located in relation to the west millstone. The upper and lower 
husk beams originally framed into posts adjacent to the waterhouse wall at the west. The 
two western stones would have been the original set with room on the husk for a third 
stone which was added sometime later. The original vertical shaft extended up between 
the two western stones. 

The axle of the wheel, assuming a breast wheel34, would have been set approximately at 
the height of the headwater (Upper Beverley Lake) assumed as slightly lower than its 
current elevation (94.53m). The axle gudgeon may have borne somewhere within the area 
of the current gap in the stonework on the west wall of the wheelpit. The current husk 
timbers had to have been above the axle and allowed for clearance of half of the diameter 
of the shaft as well (typ. wooden shaft 18"dia.). Thus a version of the current husk, 
(though with extended posts) must have been supported by a stone or crib foundation at 
the basement, continued up through the first storey possibly to finish with the millstones 
at or close to second floor level much as pictured in Evans (Fig. 12 ) . This foundation 
may have been provided at the south wall by the stone shoulder now utilized for joist 
support or perhaps was freestanding and the existing knee wall may be a vestige of that 
wall. The north supports would have been removed when the husk was lowered. 

That the husk and grinding operation likely extended through the first and up to the 
second floor structure can also be seen in the deployment of main floor structure 
members. A two storey column located just outside the husk (and now just east of its 
original position) allowed the husk frame to be independent of the floor structure by 
carrying a third floor beam (Fig.22). The first true floor beam at the second floor level is 
located 17' from the south wall, an atypically long span for joists to run (as are in position 
now) and likely indicates an allowance of space for the self-supported husk. The second 
floor then combined the grinding area, the floor over the waterhouse and conventional 
floorspace. Given that the length of the original husk can be conjectured from the existing 
(assuming that the sale ad in 1835 refers to 'room' on the husk rather than simply 
floorspace), the stairs to the basement and to the second floor did not occupy their current 

Breast wheel is best match to available head and presumed flow, also fits available height at 
'raceway'. 
Ad for sale of Mill. Brockville Reporter, September 17, 1835. 
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positions. The basement stair stinger is inscribed 1922. Likewise the husk timber which 
carries evidence of a vertical shaft is inscribed 'for vertical shaft' and dated 'April 8, 
1922', signed 'Silva Slate' (Fig.23). It is likely that the husk was dropped or reassembled 
in the basement space at that time. Until then access may have well been simply a ladder 
type stair within the husk area. Following Ellicott's design in Evans there may well have 
been a stair to the millstone area of the husk from the main floor and a connecting short 
stair from there to the rest of the second floor (Fig.24). 

Fig.22 Column Fig.23 Signed member'1922' 

Fig.24 Plate I X Evans (Floor Plan) 
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From the time that turbine power replaced the vertical waterwheel at the Mill the husk 
could have been relocated to the west in order to shorten the length of the lay shaft as the 
waterwheel and waterhouse would have been removed. However, from a technical 
perspective, the processes would not have allowed the husk to be lowered until the Chop 
mill period, which coincides with the dating of the lowering of the basement stairs. 

As stated above the existing beams which now carry evidence of the vertical shaft are of 
relatively recent origin. They are machine planed and the pegged jointing of these 
members actually remained common in mill (and barn) construction up until 1940. The 
beam at the basement has been inscribed as noted earlier and its equivalent at the second 
is clearly at least the third generation of member to occupy that space. It follows a much 
larger original beam (the mortise for which can still be identified in the transverse 
member in which it was joined) and the simple joist which replaced it and was notched 
into the original mortise. The current beam occupies part of the original mortice (Fig.25). 

Fig.25 Earlier mortice 
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Original Structural Configuration 

The original floor framing system is still legible today in the position of beams and the 
empty mortises related to original column positions. The system was based generally on 
columns placed at the midspan of three massive timber beams running transversely, 
between which floor joists running longitudinally were framed. The exception is at the 
attic storey where a remarkable timber spine beam 14" x 8" runs the length of the 
building ( approx.50 ' ) with heavy transverse beams @ 9" x 8" o.c. running the full width 
framed over it and into the timber top plate. The spine beam was again carried by three 
columns along its length, the northerly two lining up with the column supported beams 
below. At the south however there was variation from floor to floor based, as discussed, 
on functional considerations. The columns at the first floor were carried by heavy timbers 
beams at the crawlspace which were supported by stone piers. At least the centre pier is at 
its original location. 

Of note is the original position of the most southerly column supporting the attic spine 
beam, approx. 2' south of its current location, which framed into a heavy beam running 
from the south wall to a mortice at the centre of the southmost third floor beam i.e. just 
above the original position of the two storey column. Its position (and indeed that of the 
full length spine beam at the storey level) relate to support of an exterior hoisting 
mechanism (as at Evans Fig. 12,6) The original columns are finely chamfered with an 
ovolo stop creating an octagonal appearance (Fig.29). 

The particularly heavy timber framing of the attic floor, (which was originally actually 
used as a floor area), was due to its function in acting as tie to the longitudinal stone 
walls, counteracting rafter thrust within the roof truss arrangement. The spine beam 
shortened the span and stiffened the tying beams particularly important at the members 
where the roof braces framed in. With heavy floorboards further tying the beams this 
would have been a extremely strong system. 

The roof truss system itself is exceptional and exhibits the skill of a master timber framer. 
Reciprocally sawn rafters @ 44" o.c. are housed and pegged into the adze finished 
bevelled ridgebeam at the peak and into the plates at the at the eave (Fig.30). The rafters 
are supported at midspan by an oblique purlin (7 1/2" x 6") which is braced into the tie 
beams at every fourth beam (and at the gables) with each brace diagonally strutted in two 
planes. This creates a form of Queen post truss. An unusual detail is the bracing of the 
first set of rafters interior to the stone gable back to the ridge beam (Fig.32). Al l truss 
members have been hewn and expertly adzed. The original roof sheathing may be the 20" 
wide material still surviving in a number of locations including the southeast section of 
the roof. 
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As noted earlier the attic had usable floor space of possibly two layers of full 1" planking 
as reflected in the rows of hand wrought nails which now line and 'stand proud' of the 
surviving beams (Fig.33). The northeast remnant ceiling is of very early date signified by 
the split accordion lath and hand wrought lathing nails (newer nails from renailing are 
also present) (Fig.34). The plaster ceiling may well have extended throughout the 
northern half of the structure as nailing from lath is evident on the underside of the beam 
at the north gable and there is a change in the degree of surface rendering still visible at 
the north which suggests this greater extent of original finish. It is possible that this 
section of the attic was used as a granary with the plaster acting not only as a 'higher' 
finish but also to further inhibit vermin. The northeast with its brick chimney built 
interior to the stone walling appears to have always been the location of the offices. At 
the Stone Mills this may have included a business office on the ground floor and a private 
Miller's office/'study' originally on the third floor. The business office seems to have 
been located in its current location as evidenced by the door opening and by being the 
only space within the mill where the window surrounds have a finished stool, composed 
of a single stone, one of which a appears to have initials incised into it. 

The stair from the second to the third floor was not in its current position as evidenced by 
the empty mortise for joist housing on the 3rd floor beam. This stair appears to have been 
located along the east wall just to the north of the centre window of the second floor and 
remained there until c.1970. The stairs related to the husk have been discussed earlier. 
The attic stair appears to occupy its original position and is an early carriage. Otherwise 
there were likely trap doors between floors accessed via ladders and facilitating further 
hoisting when required. 

Fig.33 Nails 
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Fig.34 Original plaster 

The Dam 

Jones apparently created a new primary channel slightly to the west of the natural stream 
course (possibly widening and deepening a secondary stream, or Stevens' mill run) with, 
local lore has it, 'black powder' and blocking and filling the original course which 
includes part of what is now Main Street. He then established a higher dam which 
flooded out the preceding controlling dams and thus integrated the ponds into a single 
lake-size body of water over the protests of farmers whose land would be drowned as a 
consequence. Jones' log and rubble stone dam was built across the stream extending from 
the northwest corner of the original mill (the mill actually forming part of the dam). The 
north wall of the original timber frame sawmill would have been built on the dam as was 
the bridge across the stream. It is possible that the dam was built in two sections with a 
central stone abutment which may have served as well as a corner pier support for the 
original sawmill (Fig.35). There was a control gate at the grist mill headrace and stoplogs 
at the dam as a spill-way to control spring flooding. It is likely that the available net head 
created by Jones' dam was about 7' as was still the case when estimated by Mr. Herbert 
Hall of the Charles Barber Company in 1949,36 there seeming to have been little 
hydrographic change in the interim. 

Letter from Herbert Hall, Charles Barber and Sons to Hastings Steele re: replacement of turbines, 
June 22, 1949. 
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Fig.35 Dam and sawmill abutment 1960. (MNR) 

There is a slight possibility that the sawmill had a full stone foundation and may have 
even been powered by a separate wheel. This would have entailed a complex system 
involving three potential paths for water travel however and more likely the sawmill was 
simply founded on piers in the stream. It appears that the sawmill structure was originally 
quite low given that the original gristmill stonework included second storey windows 
though none on the first. 

The completed mill received high praise from knowledgable traveller's of the time. In 
1816 Colonel Cockburn, Deputy Quartermaster at Kingston reported having stayed with " 
...a Mr. Jones who lives in the village which consists of about 20 houses, where is an inn, 
a saw and grist mill(both excellent) and a distillery. The Stream running through the place 
is the Gananoque River and is sufficiently ample at all seasons for every purpose...Mr. 
Jones is the proprietor of the mills and a magistrate." 

A year later the Presbyterian Minister William Smart described the village, then known 
as Stone mills thusly for Robert Gourlay's Statistical Account of Upper Canada: " In this 
township is the village of Stone Mills, the mill here belonging to William Jones Esquire 
is unquestionably the best of its kind in Upper Canada. Besides the large grist mill there is 
one carding machine, one saw mill, three stores and one blacksmith shop." 

Between 1812 and 1820 the mills were assessed variously to Jones and Schofield (1814-
15); James Schofield Jr. (1817-19); and William Jones (1816, 1820) while after 1820 
only Jones' name is shown. The shifting responsibility for the mill probably reflects the 
number of enterprises the principals were engaged in for which prime responsibility had 
to be shared. 
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Sometime around 1820 Jones moved to Brockville as Collector of Customs for that City 
and probably leased the mills. At his death the mills were willed to William's brother 
Charles, the owner of the major milling operation at Yonge. He in turn passed them to 
William's widow Amelia ( a MacDonnell of the prominent Roman Catholic Glengarry 
based clan) who promptly sold them to William's cousin Henry, of the successful 
Brockville based shipping firm of H. & S. Jones. When Henry advertised the mills and 
associated property for sale in the Brockville Recorder of September 17, 1835 the mills 
were thus described: 

"-The Mills consist of a Stone Grist Mill, 60 x 40 feet, three stories high, with one 
run of stone in operation, and sufficient room to place one or two run more;-a 
large wooden building in which there is a Saw Mill, a Mill for cutting and 
polishing marble, and a Carding Machine;" 

The Grist Mill was not then " leased or occupied" while the other mills had been rented at 
50 pounds/annum until March of 1837. As an inducement to the prospective purchaser 
mention is made of the construction of a lock "at the Whitefish Falls" ..which will make 
the Mill 'the most valuable of any in the Back country as the navigation will then be 
completed from the Mill to Montreal or Kingston via the Rideau Canal." 
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Amelia Jones and James MacDonnell (J836-1847) 

In 1836 the Mill was purchased by Amelia (MacDonnell) Jones and her new husband 
James MacDonnell, a sixth cousin37. James had eight young children by his first wife 
Magdalen Chisolm. Amelia widowed and without children of her own, inherited a 
relatively young family while moving back to the village in which she had spent much of 
her life to resume the role of miller's wife. MacDonnell seems to have been a public 
figure of some consequence in Beverley and environs and was very much involved in the 
community events of his time. James was an officer in the local militia during the 
Rebellion of 1837, a local magistrate and was privileged to address the Governor General 
during the latter's visit to Beverley in 1843 in favour of keeping the seat of the new 
legislature in Upper Canada. 

However despite the lobbying efforts of Macdonnell and local merchant J .K. Hartwell (a 
friend and former business associate of Jones and Schofield) the link to the Rideau canal 
system never materialized and it appears that the mill was not profitable in this period. It 
was heavily mortgaged and it is unlikely in that economic climate that very much in the 
way of significant improvements were undertaken. It may be that MacDonnell was 
responsible for the infilling of the window arches in brick to facilitate window 
replacement and possibly whitewashed the full exterior at that time to gain a relatively 
uniform appearance between the differing materials. 

At James Macdonnell's death August 31, 1847, Amelia, along with James' son 
Alexander once again inherited the mill. By the end of February 1850 the mill was fully 
owned by Walter H. Denaut who would bring it back to prominence and the leading edge 
of milling technology. 

Walter Denaut (1849-1889) 

Walter Denaut had been closely associated with various members of the Jones family and 
the village of Beverley for many years prior to his purchase of the Stone Mills. In 1825 he 
was a clerk for the store then owned by J .K. Hartwell and the Schofields and of which 
William Jones had previously been part owner. He worked as deputy tax collector for 
William Jones in Brockville prior to Jones' death and for the shipping company of 
William's cousins Henry and Sidney Jones among many other jobs. But it was his 
contracting partnership with James Crawford with contracts to build various locks on the 
Beauhornois Canal system which made him a financial success. In 1839 he moved back 
to Beverley, and in 1840 purchased the general store and a large farm prior to his buying 
the Mill in 1849. 

He seems to have been a practical and energetic individual and was responsible for major 
changes to the mill in keeping with new developments in the milling process and in 
water-power technology. Given his forty year ownership of the building (1849-1889) it is 

Dune MacDonald, 'MacDonells: Soldiers and Millers'; Recorder and Times. June 17, 1987 
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likely that there was more than one period of renovation. However it is reasonable to 
view the most dramatic changes as being part of a comprehensive technological 
upgrading effort in the 1860's. The census of 1861 notes an investment in the mill of 
$20000.00.( Also indicated is that the mill had 2 employees with Walter Bush as miller 
and the production of 6000 bushels of flour.) The scale of investment reflects a 
confidence in the industry based on an increased demand for Canadian wheat in this 
period. 

Turbines and Turbine Shed 

The most significant change in the Denaut period was the replacement of the original 
vertical waterwheel as the power generator with a turbine powered system. Descendants 
of the horizontal tub wheel, turbines increased steadily in popularity from the 1840's. 
Turbines were smaller than their waterwheel counterparts, tended to be more efficient 
than all but the overshot wheel, were less expensive due to greater durability being 
typically of iron and with less complicated gearing than the many cogged waterwheels 
(Fig.36). 
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Fig.36 Mill turbines Fig.37 Swain turbine from Emerson 
(Treatise relative to the testing of Waterwheels) 

Felicity Leung, Grist and Flour Mills of Ontario (Hull, Supply and Services Canada, 1981.) 
p.87. 
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The existing turbines at the mill have been positively identified as 48" Swain units. The 
Swain design was unique in that flow was controlled by a cylinder gate which is lowered 
to permit flow into the runner as is the case at the Stone Mills. The Swain 
turbine was designed by A.M Swain in 1855, making it quite early in the history of the 
technology. Swain was based in Lowell, Mass., the centre of the water power 
manufacturing industry at that time and it is probable that the turbines at Delta were 
manufactured there. I f the turbines were installed at the mill in 1861 it would be a very 
early installation given the relative newness of the design. Indeed though it came to be 
well respected as a high efficiency unit other types such as the Leffel and Little Giant 
were always much more common. It is possible, in fact, that these may be the only Swain 

30 
turbines still extant in Ontario. 

The turbines were housed in a new stone addition constructed for that purpose which took 
up the area of the former timber frame sawmill, though with a higher shed roof, 
necessitating closing in the second storey windows at the west elevation of the original 
mill. As well the eastern section of the dam would have been removed to allow for the 
stone foundation and headrace of the turbine shed and the original headrace arch plugged. 
A timber sawmill was then again constructed to the west of the turbine shed over the 
remaining stream channel. Maintaining the sawmill component of the mill complex was 
always part of the design intent as can be readily seen in the dedication of one of the new 
turbines (downstream unit) to its running and the building in of a shoulder in the 
stonework of the west wall of the turbine shed for the sawmill floor. Fig. 14 indicates that 
the sawmill was largely an open shed to the north which continued the roofline of the 
turbine shed with a fully enclosed gable roofed structure at the south end forming an ' L ' . 

The stonework of the turbine shed was much rougher than that of the mill itself, clearly 
being viewed as a utilitarian structure rather than an architectural statement. A wider 
range of local stone has been accepted by the mason, particularly more of the reddish 
sandstone (as opposed to the rust coloured material), and there is a greater variation in 
unit size with only the worst angles and knobs pitched off. The coursing is much less 
regular and there is no attempt at quoining (Fig.38). The window and door at the north are 
original openings the latter opening on to the footbridge over the dam. They are arched 
with voussoirs. The other original openings were a window and door (still existing) at the 
west, the latter lintelled by the building top plate. The south did not then have any 
windows as it was covered by the timber ' L ' . Fig.39 shows the north window of the 
turbine shed to have been a multi-pane casement with its light division per leaf 
asymmetrical in the picturesque mode. 

The wide 'raceway' arches are extremely well executed, with special support wedging 
designed into the springing. The headrace arch would have been gated while at the south 
the arch, served a relieving function supporting the main walling with further infill 
stonework within the arch to enclose the turbine. This was supported by a lintel at the 
waterline. Of note too is the manner in which the corners of the stone walling have been 

William Trick Reporting Letter, January, 1996 (appended). 
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buttressed, particularly on the stream side. The turbine bulkhead was enclosed with 
wooden deck and ceiling, vestiges of which remain. 

Fig.38 Turbine shed 

Fig.39 North elevation - historic view 
(D.M.S. Files) 
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Fig.40 Turbine shed raceway, southeast corner 

The floor and roof framing of the turbine shed would have been similar in form to that 
extant. The floor structure is composed simply of hewn beams carried at a shoulder in the 
masonry of the east and west walls. Long rafters are supported at a mid-slope purlin 
carried I T o.c. by braced hewn columns. Tie beams housed in the mill masonry carry 
braced columns which support the top plate. However very little original material remains 
(several of the braced columns at the east wall). The door to the turbine shed from the 
mill probably reused the opening to the original sawmill. 

Milling Innovations and Interior Renovations 

It is probable that the program of renovations within the original mill followed the 
addition of the turbine shed and the shift to turbine power. The waterwheel was 
dismantled and removed and the waterhouse door opening closed in to window size. This 
then allowed the possibility of moving the husk to the west (which would have shortened 
the horizontal drives) though it would still be required to be at its original height. 
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The 1865-80 period was one of significant change in the grist milling industry beginning 
with the introduction of the process of gradual reduction and high grinding which came to 
replace the earlier fast reduction low grind methodology at many progressive mills. This 
method involved having the millstones run high and slow which created more middlings 
and gradually reducing the middlings in a series of grindings which allowed the 'gluten' 
to survive improving the quality of the flour. 0 This process involved an increased 
number of steps and machines such as the middlings purifier. Fig.41 gives a sense of a 
typical arrangement of machinery at that time. Modifications in operation attempting to 
incorporate new, efficiency improving innovations necessitated the reorganizing of the 
internal lay-out, probably into something close to its current form. To realize the full 
benefit of the new process utilizing the purifier an additional run of stones would have 
been necessary. It is likely that the third run of stones, smaller in diameter than the 
original (as was typical at mid-century) was added at this time. 

Fig. 13—An Old Buhr Slom- Mill 

Fig.41 Typ. mill lay-OUt C.1860 (from Dedrick, Practical Milling) 

A change in the position of the vertical shaft could explain the removal of the large third 
floor beam which extended from the south wall to the transverse beam, as well as moving 
the column (above) which this beam had formerly supported north approx. 2' where it 
was then supported by the full length transverse beam still extant. Columns which were 
moved had to be cut from their tenons and have generally been shimmed into their new 
positions (Fig.42). At the third floor the northern half of the spine beam was cut to almost 
half its section and rebated to take some form of wall of storage bins, as the need for 
seasonal grain storage increased. This included removing the most northerly column and 
cutting the tie beams though they may still have borne on the spine beam from the east at 
that time. The remaining sections of the tie beams were supported on beams carried by 
new columns to which they were mortised and tenoned. The columns, which featured a 
cyma stop chamfer were placed directly below the purlin brace as some compensation for 
the loss of tying. One of the new columns has inscribed an 1881 date and also 'Jas. L . 

4 0 Leung. Grist mills of Ontario, p. 146 
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Denaut, Miller, June 5, 1888. The western section originally had three Denaut 
replacement columns as remains extant at the east. (Fig.43). 

The relocation and/or addition of equipment and gearing can be traced structurally 
through the lower floors as well where again original columns were relocated (as noted 
on plan) from their central axis to free up a 'centre aisle', and along with several new 
columns assist in carrying equipment or picking up new loads from above. There were 
associated modifications to the beams of the third floor as well (Fig.26-28). 

Fig.42 Relocated column detail Fig.43 Denaut column detail 

An object of much interest and speculation is the iron shaft of 4" square section with 
journal formed ends still extant at the base of the turbine shed tailrace arch. Clearly a 
remnant of earlier shafting it has been speculated that it may even be the original 
waterwheel shaft, possibly produced at the Lyndhurst Ironworks.41 Fascinating as this 
postulation may be there are a number of difficulties with it. Firstly no other iron 
waterwheel shafts of that date are known in Upper Canada. This is not only due to the 
difficulty of manufacture but also because of the problems of integration of the shaft with 
the waterwheels themselves. While mechanical connections could be (and were later) 
employed the mortising of the wheel spokes into an oak shaft was most typical and 
considered the most secure connection at that time. Furthermore the extent of item types 
manufactured at Lyndhurst is unknown and even whether it was still smelting at the time 
of Stone Mill construction is unclear. While this theory should continue to be explored 
(including testing iron scrapings and removal of the shaft from its current position during 
stabilization to allow for further examination) it would appear at this stage that the shaft 

Art Shaw, Memo to the Mill Restoration Committee, February 21, 1995. 
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is a component section of the line shaft (albeit of particularly heavy section) from this 
mid-19th century period and, as such is still a significant artefact. 

Though typically attributed to George Haskins it is possible that sometime during his 
tenure Denaut introduced steam power to the mill as an auxiliary power source. The 
engine was located at the west wall of the turbine shed its chimney visible in early 
photographs. Steam helped free the mill from any inconsistency in the water power 
supply and utilizing the sawmill waste as fuel would have been relatively economical. 
How much of the operation was tied into this power source is difficult to access. It may 
be that Haskins did utilize this power source to a greater extent. 

Perhaps due to the loss of the earlier finished space at the third floor 
Denaut created a Miller's room on the second floor with plastered interior, relatively 
ornate window, door casings and base (Fig.44). On the exterior boarding Jas. L . Denaut 
has again written his name this time in 1891, (at this time the mill was owned by W.H. 
Denaut's widow). There also seems to be some sketches of chute configurations on the 
horizontal tongue and groove boarding. 

1 
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Fig.44 Denauf s 'Miller's Study' 

Denaut constructed a carriage shed and hall adjacent to the mill. With stabling below for 
his customers and entertainment or meeting space above the building was originally quite 
elegant. It had a parapeted gable roof, a brick upper storey and stone first floor/foundation 
with cut stone quoins corbelled at the parapet. The brickwork rested on a heavy timber 
plate at the street face supported by cut stone columns with two sets of carriage doors 
(possibly added later). The eaves were bracketed and the upper storey had large 6/6 
windows (Fig.39). 
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Fig.45 Delta, c. 1861 (from Walling) 

Fig.46 Sketch of Mill property (from 1891 Deed) 
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Denaut also built himself the quintessential miller's house, a large, picturesque, rambling 
structure of brick and stone by Upper Beverley Lake (Fig.47). 

Denaut died in 1889. In his forty years of ownership he had significantly improved the 
mill and made it once again a successful business and a centre of community life. At his 
death the mill was willed to his third wife Caroline Denaut who sold it in 1893 to George 
Haskins. In the interim Jas. Denaut, Walter's son appears to have been Miller. Alice 
Webster indicates that through much of the Denaut era Charlie VanLuven was miller with 
Jas as assistant42. Another son Mathew, managed the office. Both these sons later 
became doctors in Indiana43. 

Fig.47 Denaut House 
(D.M.S. Files) 

George Haskins (1893-1913) 

As Denaut before him Haskins was anxious to keep up with the times and the conversion 
of the Delta Mill to a Roller Mill is attributed to him. The revolutionary European 
developed process of gradual reduction with porcelain rollers was efficient, offered more 
refined (whiter) flour and more product from each bushel of wheat. It is unclear whether 
here, as at some Ontario mills, there was a gradual shift to the roller process 4 4 , whereby 
the millstones would have continued to be utilized or whether there was a complete 
change to the roller system in which case the millstones would have been immediately 
redundant. However given the relatively recent replacement of the westernmost stone 
support timbers of the husk the stones may well have been retained into this century even 
after some rollers were set in place. 

Webster, 'The Old Mi l l ' , Athens Reporter (as above) 
Elizabeth Marsh (Denaut grandaughter). Family reminiscence of Walter Denaut, 1970. 
Leung, (as above), p. 186 
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No residual components remain from the Roller Mill era but a full roller mill would have 
required a considerable complement of downstream equipment as the old bolters and 
reels associated with stone grinding would have mostly been redundant. A minimum of 
three sets of double reduction rollers would have been necessary to achieve the yield and 
quality benefits of the progressive reduction process. Considering structural support for 
the roller stands, it is unlikely that a prudent owner or experienced millwright would find 
the millstone husk in its current position adequately supported, since each stand could 
weigh up to one tonne. Therefore it is reasonable to assume that the husk and its 
foundation remained more or less in their original position. The illustration from the 1901 
Greey Catalogue shows a typical arrangement for a three double stand mill and lists the 
equipment complement.(Fig.48 ) 

Three DoublcSet Mill 
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Fig.48 Typ. roller mill set-up (from Greey, Illustrated Catalogue) 

At the Delta Mill it is postulated that the main drive for the rollers would be similar to 
that above. The horizontal layshaft of the mill drive turbine would have originally 
extended to the east sufficiently to permit belt drives to each roller stand, which in turn 
were located on the millstone husk. 

The mill drive turbines and its horizontal layshaft would have been generally unchanged 
in location for this updating, although new pulleys would have been installed, and it is 
possible that the layshaft itself may have been replaced. 

The size of the installation was limited to match the available water power and turbine 
capacity. Some sources suggest that it was Haskins who introduced steam power to the 
Mill . Haskins also apparently installed a Dynamo at the Mill in 1911 linked to the steam 
engine which provided electrical power to the Village. 
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On the exterior it seems from early photos that the gable roofed ' L ' of the sawmill had 
been removed in favour of an extended shed. The opening which had originally been the 
waterhouse door and then a window had been infilled with stone. A number of the multi-
paned sash had been replaced with sash of two/two configuration and the era of cedar 
roofs had given way to a metal batten-seam treatment. 

Fig. 49 Historic photo c.1900 
(D.M.S. Files) 

Fig.50 Goad's Fire Insurance Plan 1897. 
(Ontario Archives Delta F.P. C234-1-109-1 Sheet I ) 
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Hastings Steele (1913-1964 ) 

In 1913 Haskins sold the Mill to Hastings Steele and James Huffman. Steele and Omer 
Arnold bought out Huffman in 1918 and by 1921 Steele was sole owner of the operation. 
It would appear that after aquiring full ownership Steele embarked on major renovations 
to the mill associated with changing its major function to the production of feed rather 
than flour. As a feed mill the historic husk arrangement was no longer required. Indeed it 
was much more convenient to grind and bag on the main floor. It is likely for these 
reasons (and perhaps advanced decay to husk foundation cribbing) which led to dropping 
the husk to its current position. It seems some further excavation to improve headroom at 
the basement was undertaken at that time and a stair from the main floor installed. The 
stair carriage is inscribed with the date 1922. The husk was roughly accommodated 
within the basement space, and basic repairs made to husk timbers where required. In 
general the work appears to have been done quickly and with minimum investment. The 
eastern end of the husk, no longer necessary and possibly rotting, was cut away to allow 
more room at the bottom of the basement stairs. While the timber joinery of the general 
repairs undertaken at this time is crude compared to the original husk workmanship when 
it came to accommodating the new vertical shaft some finely planed new wood members 
were set in place at all floor levels. The basement member is inscribed with the date of 
installation as noted earlier - '1922'. Except as required to allow for the vertical shafts the 
husk was floored over at the first floor and thus accommodated the grinding operations. 
Here a single head grain chopper was operated to service local farmers with grist for 
livestock feed. The process equipment for this service was a receiving or scalping shoe 
(to remove rough material from the whole grain before passing it through the grinder), 
several elevators to handle the whole grain to one of several overhead bins, a chopper 
(still extant at the mill), a mixer and a bagging hopper on the main floor. It would have 
been common to have a set of oat rollers in a mill of this size to service horse owners. 

The single head chopper (Champion Grinder with 1923 nameplate) still stored in the mill 
uses ball bearings which is typical of a post 1900 design. It would have required 15 to 20 
horsepower to operate at reasonable capacity, which is within the capacity of the turbine 
provided water was available. The upstream turbine was used for this purpose, coupled to 
a vertical shaft extension, which carried a bevel mortise gear (the mortise gear which is 
presently broken). The mortise gear then meshed with a pinion on a horizontal layshaft 
which extended through to a pillow block support (still existing) on the mill wall cutout. 
The pinion associated with this gear set and the horizontal layshaft are both stored loose 
in the turbine shed. A flat pulley installed on the layshaft and inside the mill wall would 
have been belted to the chopper on the main floor. There was a further shaft extension to 
the turbine shaft up through the present floor level in the turbine shed, and a pulley 
installed thereon to drive through two slots in the mill wall. This belt must have driven 
another vertical shaft inside the mill which extended to upper levels for other accessories 
such as elevators or the mixer. The width of the belt, and the belt speed indicate a 
capacity of 10-15 horsepower at best. The turbine curb and its location, the bevel mortise 
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gear set and the horizontal layshaft would have been basically unchanged at this time.45 

Fig.51 is a sketch of the main floor plan of the mill in this period by Steele's grandson. 
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Fig.51 Sketch Plan c.1930 by Steele's grandson 
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Steele continued to operate the sawmill and grinding mill until 1949. At that time he 
solicited a proposal from Charles Barber and Sons for the replacement/upgrading of the 
turbines. He decided not to proceed with this major renovation however and milling thus 
ceased at the StoneMills after close to 150 years. 

Steele also ran an electrical contracting business (1938-1952) from the mill and sold feed 
(produced by others) from the mill until 1960. 

Changes at the Dam 

Up until 1962 the mill dam still controlled the level of Upper Beverley Lake. However 
there had been increasing concern regarding the dam's ability to control the spring freshet 
and also concerns about low summer levels causing the death of bass and pike in the 
upper lake. Apparently Hastings Steele even built a dyke at personal expense to attempt 
to prevent the worst of the spring flooding. 

While initially consideration was given to repairing the historic milldam it was felt to be 
not a practical long-term solution and Dept. of Lands and Forests reported on March 27, 

Trick ( as above) 
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1962 that "Hasings Steele was agreeable to new dam provided that the millpond between 
his house and the mill not become and eyesore". 4 6 

The construction process was relatively swift and included documentation of the then 
existing condition at the Mill (Fig.52 ) . The process required coffer damming upstream 
revealing the dry stream bed adjacent to the mill. (Fig.53,54 ) On August 31, 1962 the 
new concrete dam was completed.47 

Fig.52 The Mill c.1960: Last record of historic configuration (MNR Files) 

In failing health and conscious of its historic importance Hastings Steele deeded the Mill 
to four trustees for $1.00 on condition that it become a museum and they in turn deeded 
the Mill to the newly formed Delta Mill Society with a mandate to preserve the historic 
structure. However the old mill dam, the sawmill remains and the turbine shed were 
purchased by the Ontario Department of Public Works due to their concern for 

4 8 

hydrological improvement and public safety at the creek . In this regard a number of 
initiatives for channel improvement adjacent to the mill and stabilization of the stone 
shed were considered. At one point the shed was going to be demolished and was saved, 
in part, because of the efforts of James Auld, MPP for Leeds and then Provincial 
Environment Minister. 

Internal Correspondance Ontario Dept. of Public Works (ODPW) 
ODPW memo 
Memo to J.V. Shanks, Hydraulic Engineer from B. Paget, Maintenance Supervisor, August 13, 
1964 
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Fig.53 Mill from south-west during dam construction (MNR Files) 

Photos of the complex at this time (Fig.55 ) reveal it to have been in very poor condition 
with unsecured windows at the mill and the shed and much loose masonry including large 
gaps on the streamside walls of the turbine shed. Many of the gable boards at the turbine 
shed were missing. The rendered infilling of the arch for the turbine was still in place. 
The top window at the southwest had been infilled with masonry. The building was, by 
then, roofed in corrugated metal, badly corroded with many patched sections over the 
shed. 

The sawmill floor fell in 196849 and the clearing of the resulting debris in the channel 
revived consideration of associated improvements. 

In 1973 the Delta Mill Society with support from the federal and provincial governments, 
including the newly formed Ontario Heritage Foundation embarked on the stabilization 
and restoration of the Mill. This involved the replacement of the roof in new cedar 
shingles; attempted consolidation of the original tailrace arch with concrete; concrete 
repairs around base of arches; general masonry repair including resetting of loose stones 
and repointing in masonry cement; jacking of floors to level and replacement of two 
columns at the first storey as well as other structural members; replacement of window 
frames, sash and glazing; repair to wood trim as required; placement of steel tie rods50. 

The Ministry of Natural Resources (who had assumed responsibility for the Dam) were 
impressed with the dedication of the Society and their commitment to preserving the 
stone shed along with the mill itself and undertook channel improvements, stabilization 
of the shed including rebuilding the tailrace arch and a reinforced concrete protective skirt 
to the streamside of the turbine shed. They then deeded the stabilized shed to the Delta 

MNR files 
From partial letter of construction progress inspection apparently from V.N. Styrmo, then of the 
Historical and Museum's Branch of the Province. 
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Mill Society for further restoration. This latter work would appear to have involved the 
rebuilding of much of the wood frame structure. 

Fig.54 Northwest corner and dam frame during new dam construction 
(MNR Files) 

Fig.55 Mill c.1963 (MNR Files) 

54 



V I . BUILDING CONDITION SURVEY AND ANALYSIS 

Given its 185 years, almost 140 in industrial service, the Delta Mill is generally relatively 
stable. However there are a number of significant areas of concern which do threaten the 
long term integrity of the structure. An inventory of the areas of deterioration is presented 
below with some comment, where relevant, on the agents/causes of the problem. In 
Section V I I these items are prioritized, and solutions/interventions recommended in 
developing a scope of work. 

Masonry 

As has been noted earlier the stonework of the mill exhibits a high degree of skill and 
careful choice of locally available material, while at the turbine shed a wider range of 
material type and size has been utilized in a somewhat more utilitarian manner. Both 
sections of the building are of two wythe construction (inner and outer layer of face stone 
with a rubble core), jointed in a lime mortar. It should be noted that the lime, made from 
the local crystalline limestone, was historically considered of relatively high quality. 

Despite the generally high quality of the original work, the difficult environment of 
moving water at the foundation level; weather exposure at the upper levels exacerbated 
by hard service, periods of neglect and some less than ideal remedial work have caused 
various levels of deterioration which will have to be addressed. The two areas in most 
urgent need of repair are the north turbine shed wall and the bulged portions of the south 
wall of the main building. A list of the more notable problems on each face of the 
building follows: 

East Face (Front or Street Face) 

The joints along the base of the wall, at the top of the northeast corner and under the 
windows are deteriorated. There are vertical cracks under several of the windows, 
extending between storeys at the north (Fig.56), and at the base of the structure. The 
exterior stone wythe, in the area of the second and third floor windows at the south end is 
bulged out in the order of 50 to 75 mm. The deterioration of jointing and cracking under 
the windows is a result of moisture penetration through the sill area of the windows while 
the deterioration of the jointing in the upper northeast corner and the bulge in the wall at 
the south end appears to be a result of water penetration through deteriorated roofing 
over these areas in past years. Recent (c.1973) repointing appears to have been executed 
in masonry cement and was superficial in nature i.e. applied directly over deteriorated 
joint without proper raking out etc. 
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Fig.56 Fig.57 

North Face 

Joint deterioration was noted in the central upper portion of the wall and in the east 
corner. There is vertical cracking above and below the windows again as a result of water 
penetration at sill areas. On the north face of the turbine shed there is joint deterioration, 
major cracking and an unstable area at the arches over the doorway and window. Much of 
the deterioration in the upper portion of the turbine shed stone work can be attributed to 
the fact that the stone projects 100-150 mm beyond the vertical siding of the gable above 
and this allows water to readily penetrate the masonry below. This condition in turn 
seems to be the result of a discrepancy in planes between the west and north walls which 
relates to the original angled face at this corner at the conjunction of dam abutment, and 
sawmill framing.(Fig.58) In any case a ledge exists at the bottom corner and the masonry 
below is not coursed into the main walling. Between this area and the window a crack 
radiates. As well the lower portions of this wall experience severe exposure from water in 
the creek running immediately at the base of the wall. (Fig.57 ) 
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Fig.58 

West Face 

There is a sag in the southwest corner of the main Mill roof apparently associated with 
the major masonry deterioration below this corner.i.e. The movement of the west wall as 
a result of the long term destabilization of the southwest corner (most particularly arch 
abutment - see below) due to erosion of mortar at the foundation in the area of the wheel-
pit largely attributable to the action of running water originally against, and later also 
through the raceway walling. This condition continues today, the inexorable action of the 
stream only partially inhibited by the plugging of the inlet. 

The stone wall of the turbine shed, above the concrete facing is badly weathered with 
many open joints. Several ledges exist which allow water and snow to remain, draining 
into the masonry. This, as well as occassional breaches of the concrete skirt by the spring 
freshet have resulted in accelerated deterioration of this area,. The main problematic ledge 
is the shoulder which formerly supported the sawmill floor framing. Vegetation is 
growing from between cracks in the ledge surface. Even the upper area which was 
repointed c.1974 has many gaps, particularly toward the south. The concrete skirt put in 
place in 1975 by MNR remains, in itself, sound. 

South Face 

The most serious condition at the mill is the failure of the tailrace arch abutment ( 'arch 
failure'- see also above) reflected in the wide settlement cracks extending through the full 
height of the wall at the southwest corner and causing rotation away from the general wall 
plane. Early photos and layers of crack patching show that this has been a long-time 
condition. The failure of this arch seems due initially to the erosion of mortar at the west 
abutment caused by ongoing water action (with occassional surface frost) on, and 
eventually through the masonry. This corner, with the arch opening, the waterhouse door 
and windows above becomes essentially a tall stone column and at the same time is most 
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exposed to water action (both from inside and originally also from out) at the base and 
was thus inherently most susceptible to failure. Added to these factors is the significant 
vibration caused by the working waterwheel. (When building the turbine shed Denaut 
attempted to buttress the original abutment area thickening the masonry wall substantially 
in that location and there has been a more recent attempt to tie this corner back with steel 
rods.) Though the forces acting against the corner of the original mill have lessened i.e. 
no waterwheel, less water force, they are still present and the abutment failure has, as yet 
not been fully resolved e.g. mortar joints above and below the waterline remain open. 
This will be a significant challenge of the upcoming restoration program (Fig.59,60). 

Currently the arch repair over the window at the former waterhouse door area is roughly 
executed in part because of the lack of a consistent wall plane. The areas under the 
western windows are generally seriously bulged and have a mixture of poorly patched, 
deteriorated and open joints. There is a large gap adjacent to the plate of the upper tie rod, 
perhaps due to the oxide jacking of corroded iron within the wall. There are gaps at the 
quoin joints just below the west eave. 

There is some joint deterioration in all other areas of this face as well. Vertical cracking 
occurs above and below the easterly and central windows and doors. A glass telltale over 
the east window of the first storey has cracked indicating active wall movement in that 
location.The masonry in the southwest corner of the turbine shed is badly deteriorated 
with open joints and cracked stones. 

liiiiv : : 
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Fig.59 Fig.60 
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Interior 

Many of the cracks, under the windows, visible from the exterior, are 'reflected' on the 
interior of the wall i.e. run right through the wall. A number of these have been monitored 
for movement with glass tell-tales placed on the interior. When recently checked, only 
one on the interior had cracked, that being, not surprisingly at the second storey, west of 
the middle window, on the South Elevation. The interior of the arches over the windows 
are significantly deteriorated and have been inadequately repaired. 

There are open mortar joints at the west wheelpit wall just above and below the waterline 
to the inside of the tailrace arch. 

Timber Structure 

Note: See Fig. 26-28 for original column/beam positions. The shifting of significant 
framing members and stairs over the life of the building is discussed in detail in the 
Architectural Evolution section. The observations/comments below focus on the 
existing configuration. 

As has been described in the previous section the original timber structural elements of 
the building i.e. roof and floor framing displayed a high degree of joinery skill, within an 
age old tradition of timber framing practise executed with the premium quality wood then 
available. This original system has been subject over the years to consistent degradation 
associated with later renovations to accommodate new machinery, storage areas etc.; 
decay and insect attack due to what appears to have been a long period of roof leakage 
and unsecured windows as well as the generally humid environment. 

Roof 

The pentagonal ridge beam remains in remarkably good condition given the incursions of 
moisture known to have occurred. However there are two cracks in the member close to 
the north wall adjacent to where the diagonal wind braces are framed into it. 

The purlins are generally sound except for a significant decayed and cracked area at the 
west purlin at the mortise for the south strut of the third brace from the south. Decay 
appears to be active. Of the two rafters bearing on this area one has been sistered and one 
has been replaced.(Fig.61) 

While purlin support braces remain in place a number have lost struts or have poor 
replacement components.The southeast brace is missing its rear strut; the second (from 
south) set of braces (both west and east) are missing their north diagonal struts; the third 
east brace has been reassembled without diagonal struts and the brace itself is of modern 
conventional lumber of smaller section with the rear strut affixed to the side.(Fig.62) 
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Roof sheathing is of various periods with isolated areas of decay noted most particularly 
at the southwest quadrant. 

Most significant is the loss of the tie beams across the northern half of the structure. In 
this area the building relies on the masonry walls to contain the thrust from the roof. In 
the long term, the thrust from the trusses will accelerate the deterioration of the upper 
portions of the stone wall. In the south half the tie beams remain in place but serious 
decay and insect infestation (seemingly related to an extended period when moisture from 
roof leakage pooled on the attic floor) have greatly reduced the section of four of the eight 
remaining full-span members (Fig.63). Fungal decay and carpenter ant attack seem to 
have halted in this area after a long drying-out period. 

Decay is evident at the northeast corner of the top plate adjacent to the brick chimney 
indicating leakage at the chimney flashing at various times. It should be noted that this 
area is directly above a section of bulged masonry on the front wall. 

The massive spine beam/tie support remains generally in good condition given the 
surrounding moisture damage and that its north half was diminished significantly more 
than a century ago. The columns which support it exhibit insect activity at their capitals 
and in small isolated areas of their bases. That these are active infestations, though now 
quite limited, is indicated by the presence of frass. Given the tiny flight holes the culprit 
would appear to be Furniture Beetle (Anobium punctatum). 

Fig.61 Fig.62 
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Two of the Denaut columns (northeast quadrant) are riddled with large elliptical exit 
holes which appear to have been caused by the Round-headed Wood Borer 
(Monochamus). As this family is not known to attack wood in service, but rather newly 
felled timber it suggests that the timber for these columns was not subject to proper 
debarking and drying practice prior to installation. Insect activity seems to have long 
since ceased however. 

Fig.63 

The net result of the above described loss of members and/or sectional integrity is sagging 
and deformation of the roof. Preliminary analysis indicates that the existing roof structure 
is marginally adequate in the short term but conditions such as the lack of cross-tying at 
the plates and loss of strutting to the purlin braces indicate that stabilization (at minimum) 
is essential. 

Third Floor Framing 

Essentially the third floor structure is sound, despite there being a number of isolated 
areas where structural changes and/or modifications for equipment have resulted in loss 
of timber section. However there is a seriously deteriorated joist extending from the south 
wall, west of the centre of the south wall. Oval holes and honeycombing indicate the 
work of Carpenter Ants. At the north wall almost directly across there is an area of 
similarly deteriorated 'ceiling' i.e. third floor sub-floor. There are two inadequately 
sistered joists located in this area as well. Other areas of the decking have been attacked 
by Lyctus (Powder-Post Beetle). 
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Second Floor Framing 

Insect attack to joists and decking is evident directly below that of the third floor structure 
(south wall just west of centre) and of a similar nature. The two storey column as well 
shows evidence of minor, apparently superficial, attack at its base. 

Four of the columns appear to date from the 1973-74 restoration and, at least the easterly 
of the two beams they carry may also date from that time, being of different section than 
is typical. 

The flooring over of the former husk area at the second floor caused the joist span to be 
particularly long, even for the full 3" x 8" material used. Thus, while certainly adequate 
for most usage preliminary calculations indicate that it is slightly below the strength 
required under the Building Code for assembly areas. 

First Floor Framing 

In general the framing for the first floor is sound (though there are signs of incipient 
insect activity). 

Husk 

Note: Letter designations follow those utilized in the Archaeological Report. 

A number of the most significant (earliest) timbers are seriously deteriorated. 
The south longitudinal lower husk beam is badly decayed from its insertion into the west 
wall to under the west tentering post. The beam pocket, being not far above the waterline 
traps moisture and with little chance to dry out makes the onset of fungal decay inevitable 
(Fig.64). The base of the tentering posts are likewise affected. The section along the beam 
between the two tentering posts was found to be relatively sound while to the east of the 
east tentering post insect activity of a hitherto minor nature was noted. Infestation appears 
to be by Furniture Beetles (Anobium punctatum). The other lower husk beam appears to 
be relatively sound. 

The upper husk shows many areas of insect activity particularly at the northern section. 
The empty mortises at both sides of ' E ' and at ' F ' have become the entry points for 
extensive insect infestation. (Fig.65). Much of member ' F ' south of ' G ' is just a shell. 
Both Carpenter Ant and Furniture Beetles seem to have been at work judging from the 
shape and size of flight holes and the fine dust like frass and the infestation appears to be 
active in certain areas. 

As noted earlier the transverse husk beams and millstone support timbers in the 'D ' and 
' C regions are much more recent material possibly replacing material which was already 
extensively deteriorated many years ago. 
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The state of infestation also puts at risk the remaining timber elements within the 
basement, crawlspace, raceway and turbine pit areas which include the first floor structure 
and the composite timber lintel (three beams) at the communicating 'cutout' between the 
mill and the turbine shed. The lintel currently does exhibit the pinhole sized borings of 
insect attack at a wany region of the member but so far is otherwise sound. (The lintel 
bearing and the 'design' of the lintel itself require improvement given the load which it 
carries over the opening.) The risk of fungal and insect attack is always present where 
wood bears directly on masonry or is housed into it in a moist environment. 

Fig.64 
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Other Elements 

As Weaver points out51 there is active insect infestation of other wood elements such as 
chutes, machinery (particularly wood gears) and other artifacts including attacks by 
Powder post Beetle (Lyctus) in addition to the Furniture Beetle. The early millstone 
crane, one of the Mill's prime artifacts, evidences Powder Post and Anobid activity, not 
surprisingly given its proximity to affected joists and decking. The storage of wooden 
artifacts in close proximity to each other in the Turbine Shed, while virtually impossible 
to avoid, also makes an epidemic of insect attack also a possibility. 

Roofing 

The cedar shingle roofing of the main building, undertaken in 1973, still appears to be 
generally weathertight although some warping and curling was noted. As well the rough 
ridgeboards may no longer be fully secure. The sags at the ridge and across the slope 
relate to the roof structure and walling problems noted above. Though it is reasonable to 
expect a longer service life from this material ( possibly 15 years) it should be monitored 
from this time onward. 

The roofing of the turbine shed, also red cedar, is in the process of being replaced. Its 
service life was apparently shortened by the application of fire retardant. 

Chimney 

The brick with which the chimney was rebuilt, presumably in 1973, is a typical modern 
brick and takes away from the appearance of the facade. The poor pointing of the 
chimney, parged area at the base and heavily caulked unpainted galvanized apron flashing 
all further denigrate the otherwise handsome front elevation. Historic photos clearly show 
a much taller chimney with a more extensively corbelled cap. The decision to scale it 
down during the '73 renovation may have been based on an attempt at the assumed 
appearance of the earliest period. Of more significance is that there is no flashed saddle 
behind the chimney making the eventual incursion of moisture at that point inevitable as 
well as shortening the life of the brickwork itself. There is evidence of past leakage in the 
form of decay at the timber top plates in the area directly below and adjacent to the 
chimney. 

Martin Weaver, Conservation Study of the Delta Mill , December, 1987. 
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Other Flashing 

As well as the flashing and potential flashing areas discussed above there is also an apron 
flashing at the junction of the turbine shed roof with the main building. This will 
presumably be renewed and improved with the roofing work which is proceeding at this 
time. 

Windows 

Serious masonry problems have resulted from the existing window frame design where 
the sill finishes flush to the masonry. Moisture does not therefore drip free of the masonry 
but is rather carried into the joint below the sill or, at best, over the face of the stone 
(Fig.66 ). Window sills and the base of the jambs of many windows have decayed due to 
the pooling of moisture as there is virtually no slope to the sill. The window at the north 
elevation of the turbine shed does not reflect the original window type for that opening. 

Fig.66 
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Doors 

The importance of the main mill door has been discussed. While the historic door is itself 
remarkably sound, the base of the side jambs has decayed to a height of approx. 18" 
(Fig.67). The office door is not historically accurate (panel door was original Fig.68)., the 
office area being generally 'fitted out' and finished to a higher degree than the industrial 
areas of the mill. The north door frame is badly decayed as is the base of the door itself. 
The west door, similarly, is decayed at the bottom. 

Fig.67 Fig.68 
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Wood Trim 

The surviving moulded cornice, verge with returned cornice at the front of the building is 
a fine feature. There are now however a number of splits and gaps (including and 
approximately 10' long split at the soffit) as well as decay at both corners (at the verge 
just above the return.) Paint finish has worn off in a number of areas also. At the rear 
there is now simply a box eave and return. At the southwest there is a large gap between 
the return and the fascia allowing significant moisture entry . The lack of guttering 
(unless the greek ovolo at the cornice was originally part of a built- in gutter) means that 
water from the roof runs against the masonry of the building particularly in driving winds. 

Upgrading Considerations 

Fire Safety 

The typical difficulty of 'fit' between life safety standards generally designed to govern 
new construction and older structures has been recognized in recent years resulting in Part 
11 of the Ontario Building Code. This section is intended to more realistically deal with 
the renovation of existing structures by indicating possible 'compliance alternatives' and 
allowing for the possibility of 'alternative measures' to certain code requirements which 
might allow for less or gentler intervention in an existing structure. Within it designated 
heritage buildings are recognized as having 'special characteristics' which may further 
justify the consideration of alternative options or, where no threat to life safety is 
perceived, the maintenance of the status quo. Part 11 allows for the possibility of looking 
realistically at the life safety requirements presented by a particular building rather than 
only generic solutions. 

The Delta Mill is, for O.B.C. purposes, a three storey structure of approximately 1750 s.f. 
per upper floor with approx. 2800 s.f. on the main floor (including the Turbine Shed) for 
a total of approx. 6300 s.f. It is classed as a Group A, Division 2 Assembly type 
Occupancy. The stone shell can be considered non-combustible while the timber floor and 
roof structure generally conform to the requirements of heavy timber construction (a 3/4 
hr. fire resistance rating). The code derived occupant load is eighty-eight persons for the 
upper floors and one hundred and forty for the ground floor. 

Though a relatively small building (in square footage) for an Assembly structure, the 
Mill 's architecturally significant vertical emphasis creates some complexities in meeting 
conventional Code requirements. While a two storey structure in this occupancy class can 
be of a 'combination of combustible and non-combustible construction' a third storey 
calls for non-combustible construction. This implies a replacement and/or casing in of the 
exposed wooden elements of the structure, which of course, if undertaken, would destroy 
a significant aspect of the character of the Mill. A third storey also requires that there be 
two exits from each floor. Thus one option for minimizing intervention while basically 
gaining code compliance would be to not have the third floor open to the public but rather 
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simply for offices and/or storage. However the third floor, as has been described earlier, 
is a significant component of the viewing public's experience of the mill both in terms of 
the timber joinery exhibited and its exemplification of the Oliver Evan's automatic 
milling process. Another option or perspectives needs then to be considered. The key lies 
in early detection and quick exiting. 

In fact, given the relatively small size of each floor, the short max. travel distance of 
approx. 55' to an exit, the three potential main floor exits to the exterior, the 
acknowledged slow-burning nature of the heavy timber construction; and the potential 
full fire separation between the mill proper and the turbine shed it appears that actual life 
safety objectives could be achieved with a well-placed, properly designed exit stair from 
each upper floor to exit directly to the exterior as shown on Fig.73 . As well a 
comprehensive fire alarm system (smoke detectors, pull stations, alarm bells, possibly 
including annunciator panel) allowing for early detection and quick fire department 
response (the fire station is located within two blocks of the structure) essential to life, 
building and artifact safety. In conjunction with the above the occupant load of the upper 
floors would be limited to approx. 50 people. 
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Fig.69 Location sketch of proposed fire exit 

As proposed this new stair would be fully fire separated from the rest of the building to 
the exit door to the exterior, designed generally to conform to code requirements and 
placed to minimize its impact on the historic interior. As shown, its placement at the 
northwest corner of the original mill at the upper storeys allows the utilization of the 
former second storey window opening at the rear wall to allow the stair to descend 
through the turbine shed (thereby keeping the main mill first floor space intact) and 
exiting via an upgraded version of the north door of the turbine shed. The concept calls 
for providing a secure walkway to main street from the point of exit which would be 
designed to be reminiscent of the original walkway/footbridge that occupied this area. 
The stairs for the public would maintain their heritage character and at the third floor 
could have a fire-'stopping' trap door which could be closed to inhibit fire spread and 

69 



allow increased exit time. As well the door between the turbine shed and the main 
building could be constructed to maintain fire separation utilizing traditional tongue and 
groove 'skins' as for the original main door and paying attention to closeness of fit 
(perhaps using some form of gasketing). 

The chutes and other elements which extend between floors make complete inhibition of 
smoke/flame spread difficult but care can be taken to minimize the extent. Until such 
time as the chutes are required for active display they can be provided with stops which 
could continue to be used whenever they are not in service. 

I f and/when millstone milling is again undertaken on the premises for display the set of 
the stones must be carefully monitored and properly maintained to ensure there is no 
possibility of sparks being created. 

Though not absolutely necessary and therefore not practical at this stage in the long term 
the provision of a sprinkler system is worth consideration. 

General Safety 

At such time as the mill would undertake display milling involving a typical arrangement 
of period machines a balance will have to be struck between the appearance of 
authenticity and the need to maintain the public at a safe distance from potentially 
dangerous aspects of the process. 

Security 

The Mill remains closed through the winter with only ad hoc surveillance during that 
time. There is no-one there through the night. Furthermore the collection of artifacts is 
ongoing, thus increasing the potential extent of loss through burglary and/or vandalism. 
For these reasons, at minimum, a system of 'contacts' at the openings accessible at 
ground level should be put in place which would sound an alarm when moved. Typically 
the system is activated and de-activated by a code known to the appropriate individuals. 

Barrier Free Access 

It has become a reasonable responsibility of owners of public buildings to attempt to 
ensure accessibility to all. Unfortunately, in the case of historic buildings this can prove 
very difficult and sometimes impossible. At the Delta Mill access for those confined to 
wheelchairs to the full main floor can be provided through the main mill (as opposed to 
office) door. Currently, though there is an existing step, approx. 8" high, the Mill staff 
provides a removable ramp. While it is understood that a permanent ramp is more 
desirable from the perspective of the wheelchair using community given the relatively 
small number of visitors and the extent of negative impact on the facade it is felt that the 
removable ramp is a reasonable compromise. Unfortunately access to the upper storeys 
and wheelpit are impossible to achieve at this time, though provision of a small hydraulic 
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elevator could be considered in the long term. In lieu of access to the upper storeys and 
wheelpit the significant aspects of the mill (and associated themes) which are presented 
there should be concisely interpreted as part of a general orientation display at the main 
floor level. 

HVAC 

Given its location relative to main population centres and therefore expected low 
visitation through the winter it remains most reasonable for the mill to continue in 
seasonal operation. There would be no payback to investing in the heating/heat retention 
requirements of year round operation and the operating costs would escalate enormously. 
Not encumbered with the paraphenalia of heating, insulation etc. the building retains 
much more closely its original character. The provision of minimal heating in the office 
area via an electric baseboard is a reasonable amenity to staff and much safer than the 
construction site style space heater currently used for that purpose. The Mill has a 400 
amp.service already in place. An interesting alternative for heating however is the 
restoration of a stove to the office area which would not only provide warmth but be an 
integral part of the historic ambience.This approach would require lining the chimney and 
necessitate proper care and handling by staff. 

Mechanical cooling is not considered viable at the facility. Ventilation will continue to be 
achieved with the operable window units balanced against artifact conservation concerns 
regarding dust. I f required ventilation could be enhanced with strategic placement of fans. 

Visitor Amenity 

There are currently no lavatory facilities at the Mill and their provision on site is made 
virtually impossible by the lack of services in the Village and the proximity of the mill 
stream. However public washrooms are currently being planned for the nearby Delta 
Recreation Centre as a cooperative project of the Township and the businesses and 
organizations in Delta including The Delta Mill Society. 
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ATTENTION: MR. ANDRE SCHEINMAN. A R C H I T E C T 

In accordance with your recent request and further discussions at a November 

7, 1995 , site visit we have performed a geotechnical investigation at the above-

captioned site and are pleased to present a report of results. 

We trust this information is satisfactory. Please do not hesitate to call if any 

questions arise. 

RE: Delta Mill Conservation Study 
Delta, Ontario 

Dear Sir: 

Yours very truly, 

INSPEC-SOL (ONT.) LTD. 

Robert K. Cole, C . E . T 
General Manager 

E n d . Fax 
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1.0 INTRODUCTION 

After recent discussions and meetings with Andr6 Scheinman, Architect, Inspec-

Sol (Ont.) Ltd. (ISO) has carried out a geotechnical investigation by means of 

probe holes at the Delta Mill in the village of Delta, Ontario. 

The Delta Mill has been the subject of various renovation projects over the years, 

including the construction of a retaining wall and the repointing of some of the 

mortar. It has been documented that the southwest portion of the mill has been 

subjected to noticeable settlement over the years. The purpose of this study 

w a s to determine whether the settlement w a s due to soil failure, masonry 

failure, or a combination of both. 

For the purposes of the study the stream side wall of the turbine shed w a s called 

the w e s t wall while the upstream and downstream ends of the building were 

respectively called north and south. Part of the river still runs through the two 

existing raceways. A total of seven probe holes were carried out at the site, five 

in the stream along the south wall where significant masonry failure can be 

observed and two inside the older raceway, adjacent to and within the wheel pit. 

The probe holes were carried down to the inferred native granite bedrock in order 

to determine its depth and, if possible, the depth of the footings. For reference 

purposes , the top of the south end of an existing protective concrete jacket 

along the west wall w a s used as a temporary benchmark and given an arbitrary 

elevation of 9 1 . 5 feet. This elevation w a s taken from proposed plans for the 

jacket, dating back to 1974 and may not be the true elevation. 
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2 .0 D ISCUSSION OF FINDINGS 

Probings underwater along the south end of the building yielded refusal on 

inferred granite bedrock at elevations (depths) of 82 .0 to 82 .8 feet (30 to 4 0 

inches) below the surface of the river. These depths suggest that the mill w a s 

founded directly on the bedrock. Furthermore, visual inspection of the 

surroundings of the mill and the bedrock outcroppings in the stream along the 

west wall and just inside the south wall of the mill indicate that most if not all 

of the building is founded on bedrock. 

Bedrock w a s also observed to outcrop in the mill's basement and within the 

runway north of the wheel pit. Probing in the wheel pit area yielded no refusal 

at a depth of three feet, indicating, along with the presence of a rock cut 

immediately east of the wheel pit, that the wheel pit had been excavated into 

bedrock and then filled with sediments over the years after the removal of the 

wheel . 

According to our probing results and visual inspection of the walls at the Delta 

Mill, we are of the opinion that the settlement of the southwest portion of the 

mill w a s caused by weathering of the mortar and masonry failure which took 

place since the early days of the mill. 

Based on our findings, we recommend that the condition of the masonry be 

further investigated in order to identify causes of the masonry failure whether 

they may be physical or chemical or a combination of the two, and to suggest 

methods of remediation. 
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3 .0 LIMITATION OF THE INVESTIGATION 

The comments made in this report are in accordance with our present under­

standing of the project. 

A subsurface investigation is a random sampling of the site and the conditions 

described only apply to the probe holes themselves. Should any conditions at 

the site be encountered, which differ from those at the test locations, w e 

request that we be notified immediately in order to permit a reassessment of our 

comments in light of the changed conditions and exact project details. 

We trust that this report is to your satisfaction. Please do not hesitate to 

contact our office should further questions arise. 

Yours very truly, 

INSPEC-SOL (ONTARIO) L 

Approved by: Gordon A . Thompson, P. Eng. 
Vice-President 

In Duplicate 
E n d . 
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ILLIAM T . TRICK ENGINEERING INC. 
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T E L E P H O N E : [519] 482-3195 
FAX: [519] 482-3195 
R E S : [519] 482-5349 

J a n u a r y 15, 1996 707 

Mr. Andre Scheinman 
H e r i t a g e P r e s e r v a t i o n C o n s u l t a n t 
36 C o p p e r f i e l d D r i v e 
K i n g s t o n , O n t a r i o 
K7M 1M4 

Re: D e l t a M i l l 

Dear Andre, 
I am p r o v i d i n g o v e r l e a f a d r a f t summary of f i n d i n g s which I have 
r e s e a r c h e d t o d a t e . I'm e x p e d i t i n g t o you tomorrow a copy of 
t h e e x h i b i t s which I ' v e r e f e r e n c e d i n t h i s summary. For t h e 
f i n a l r e p o r t I can have them e n c a p s u l a t e d i n p l a s t i c i f you see 
f i t and so a d v i s e . P l e a s e d i r e c t me a s you need r e g a r d i n g 
emphasis, p r e s e n t a t i o n and o r g a n i z a t i o n , i n f a c t i n a l l ways f o r 
your c l i e n t ' s b e s t p u r p o s e s . O b v i o u s l y , any f u r t h e r a s s i s t a n c e 
from you or o t h e r s of t h e committee i s s o l i c i t e d . We w i l l need 
t o speak r e g a r d i n g t h e r e s t of t h e work r e q u i r e d f o r your study -
I know t h a t t h i s summary doesn't c o v e r much of the work o u t l i n e d 
i n your terms of r e f e r e n c e . 

The D e l t a M i l l i s c e r t a i n l y a s p e c i a l p l a c e - and i t d e s e r v e s 
c a r e f u l a t t e n t i o n . From my p e r s p e c t i v e however, i t i s 
u n f o r t u n a t e t h a t so l i t t l e of t h e m i l l i n g equipment 
re m a i n s . And a s i s common i n o l d m i l l s , t h i s m i l l t o o , has been 
reworked f o r d i f f e r e n t purposes a number of t i m e s through i t s 
long s e r v i c e h i s t o r y , so a g r e a t d e a l of t h e s t r u c t u r a l e v i d e n c e 
of t h e e a r l i e s t arrangement of equipment i s l a c k i n g . T h i s 
p r e s e n t s e x t r a c h a l l e n g e s - and we may i n the end be f o r c e d t o 
make some r e a s o n a b l e guesses as t o t h e o r i g i n a l arrangement of 
t h e equipment. However i t i s s t i l l too e a r l y t o make thos e 
g u e s s e s , and I t r u s t t h a t you and o t h e r s w i l l be a b l e t o 
c o o p e r a t i v e l y add a d d i t i o n a l i n f o r m a t i o n f o r t h e b e s t 
c o n c l u s i o n s . 

At time of w r i t i n g I am not c e r t a i n i f I w i l l be a b l e t o v i s i t 
D e l t a f o r t h e n e x t meeting of t h e committee and i f t h a t i s not 
p o s s i b l e I would a p p r e c i a t e your e x t e n d i n g my t h a n k s t o t h e 
members of t h e committee f o r t h e i r a s s i s t a n c e on November 20 and 
2 1 s t . 

Yours t r u l y 

W i l l i a m T. T r i c k P. Eng. 



Items t o d a t e - and t h e s e may t a k e t h e form of Appendices? 

1 . T a i l w a t e r l e v e l s a t the M i l l 

The o p i n i o n has been e x p r e s s e d t h a t t h e D e l t a M i l l s i t e may have 
o r i g i n a l l y o p e r a t e d under a lower t a i l w a t e r l e v e l t h a n t h a t which 
i s p r e s e n t l y a v a i l a b l e . The support f o r t h i s p o s i t i o n a r i s e s from 
e x p l o r a t o r y p r o b i n g i n t h e a r e a of t h e water wheel p i t which 
found a r e l i e v e d a r e a i n t h e r o c k below th e p r e s e n t t a i l w a t e r 
l e v e l and i t i s proposed t h a t t h i s p r o v i d e d t h e l o c a t i o n and 
c l e a r a n c e f o r t h e o r i g i n a l w a t e r w h e e l . S i n c e a m i l l w r i g h t 
b u i l d e r of t h a t p e r i o d would never have s e t a water wheel t o wade 
i n t h e t a i l w a t e r , t h i s would r e q u i r e a s u b s t a n t i a l l y lower 
t a i l w a t e r l e v e l t h a n p r e v a i l s a t p r e s e n t . I f t h i s t h e s i s i s 
i n c o r r e c t t hen t h e r e s h o u l d be an sound e x p l a n a t i o n f o r t h e 
purpose of t h e r e l i e v e d a r e a , s i n c e u n d e r t a k i n g the r o c k work by 
h a n d t o o l s and b l a c k powder would be an extended and d i f f i c u l t 
e x e r c i s e i f not f o r good purpose. Furthermore, i f t h e water 
l e v e l p r e v a i l e d as now, t h a t e x c a v a t i o n would have needed 
c o f f e r d a m s and pumping d u r i n g c o n s t r u c t i o n and the l a t t e r 
equipment was not e a s i l y a v a i l a b l e f o r p o r t a b l e use a t t h a t t i m e . 
T h i s i s an i m p o r t a n t i s s u e s i n c e i t r e l a t e s d i r e c t l y t o t h e 
l o c a t i o n and e l e v a t i o n of t h e m i l l s t o n e husk, which w i l l be 
d i s c u s s e d i n more d e t a i l l a t e r i n t h i s r e p o r t . 

We have t h e f o l l o w i n g e v i d e n c e of t h e o p e r a t i n g water l e v e l s . 

As of November 2 0 t h , 1995 and f o r r e f e r e n c e , and a c c o r d i n g t o 
s u r v e y l e v e l s e s t a b l i s h e d by o t h e r s , t h e g r o s s head between Upper 
B e v e r l e y Lake and t h e s t a n d i n g t a i l w a t e r a t t h e wheel p i t was 
2.34 meters (7.7 F e e t ) 

On June 22, 1949, Mr. H e r b e r t H a l l , Manager and Owner of t h e 
company, C h a r l e s B a r b e r and Sons of Meaford, O n t a r i o s e n t a 
l e t t e r p r o p o s a l t o t h e t h e n owner of t h e D e l t a M i l l , Mr. S t e e l e s , 
t o s u p p l y a new t u r b i n e t o r e p l a c e t h e e x i s t i n g u n i t s a t t h e 
s i t e . He o f f e r e d power r a t i n g s and s h a f t speeds f o r t h e new 
t u r b i n e u s i n g a n e t head of 7 f e e t . He would have accounted f o r 
some head l o s s through t r a s h r a c k s and i n t a k e c h a n n e l s , so t h e 
net head used by H e r b e r t H a l l would have been c o n s i s t e n t w i t h a 
g r o s s head of 7.5 t o 8 f e e t . ( T h i s l e t t e r i s i n t h e D e l t a M i l l 
a r c h i v e s ) . The w r i t e r , h a v i n g p e r s o n a l l y known Mr. H a l l , would 
t r u s t h i s assessment of t h e a v a i l a b l e head. 

An i n s p e c t i o n of t h e t u r b i n e p i t which i s s a i d t o d ate t o 1860 
shows t h a t t h e t u r b i n e c u r b s upon which the t u r b i n e s were s e t i s 
c o n s i s t e n t w i t h t h e p r e s e n t s t a n d i n g t a i l w a t e r l e v e l . T u r b i n e s 
of t h i s t y p e a r e a l w a y s s e t w i t h t h e underwater lignum t h r u s t 
b e a r i n g immersed i n t h e s t a n d i n g t a i l w a t e r , so i t would be our 
c o n c l u s i o n t h a t a t l e a s t from t h a t p e r i o d t o the p r e s e n t , t h e 
t a i l w a t e r l e v e l has been g e n e r a l l y unchanged. 

However t h i s e v i d e n c e does not answer t h e q u e s t i o n of t a i l w a t e r 
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l e v e l i n t h e p e r i o d p r i o r t o 1860 and t h a t remains of i n t e r e s t . 

I t may be p o s s i b l e t o do water depth soundings downstream of t h e 
M i l l and i n t o t h e R i v e r c h a n n e l , and r e l a t e t h e s e t o the M i l l 
e l e v a t i o n s . I n f a c t soundings done i n t h e 1960's by the M i n i s t r y 
of N a t u r a l R e s o u r c e s (which have not y e t been -.^viewed by t h e 
w r i t e r ) may p r o v i d e d e f i n i t i v e e v i d e n c e . A l s o a b e t t e r 
d e f i n i t i o n of t h e s i z e of t h e r o c k c u t i n t h e wheel a r e a i s 
r e q u i r e d . I f t h e t a i l w a t e r i s h i g h e r now t h a n i n t h e e a r l y p a r t 
o f t h e 1800'3 t h e n t h a t would have been t h e r e s u l t of a dam 
c o n s t r u c t e d downstream, which c r e a t e d t h e ponding back t o t h e 
D e l t a M i l l , and t h i s can be i n v e s t i g a t e d . 

2 . The Turbines and d r i v i n g harness. 

The t u r b i n e s a t D e l t a a r e 48" Swain u n i t s . 

Emerson ( 1 ) on page 8 w r i t e s of u n d e r t a k i n g power and e f f i c i e n c y 
t e s t i n g f o r Mr. A. M. Swain i n 1868, a t Putnam, C o n n e c t i c u t , and 
s u b s e q u e n t l y of t e s t i n g a 42" Swain t u r b i n e a t L o w e l l 
M a s s a c h u s e t t s i n a t e s t flume b u i l t f o r t h e purpose. E x h i b i t 1 i s 
an e x t r a c t from Emerson ( 1 ) and pages 77 and 78 g i v e t e s t i n g 
d a t a and a c u t of t h e Swain t u r b i n e . However t h e t e s t c u r v e s a r e 
dated 1871 and 1874 and r e f e r t o 30" and 36" t u r b i n e s . 

A d d i t i o n a l comments r e g a r d i n g t h i s t e s t i n g a r e g i v e n i n Horton 
( 2 ) , pages 21-24. Horton worked f o r t h e US Department of t h e 
I n t e r i o r a t a t t h e e a r l y p a r t of t h i s c e n t u r y doing r i v e r and 
str e a m f l o w gauging and o f t e n had o c c a s i o n t o use e x i s t i n g 
t u r b i n e i n s t a l l a t i o n s t o measuring t h e f l o w . He accumulated and 
compiled t u r b i n e d a t a from t h e p o p u l a r m a n u f a c t u r e r s f o r t h a t 
purpose. V i g r e u x ( 3 ) p r o v i d e s a c u t of t h e Swain u n i t and 
c r e d i t s i t as one of t h e f i r s t mixed f l o w t u r b i n e s c o n s t r u c t e d i n 
America. Another c u t of t h e Swain u n i t i s g i v e n i n Mead ( 4 ) . The 
f l o w i s c o n t r o l l e d by means of a c y l i n d e r gate which i s lowered 
t o p e r m i t f l o w i n t o t h e r u n n e r , and t h i s f e a t u r e i s unique t o t h e 
Swain d e s i g n and s e r v e s t o c o n f i r m i d e n t i f i c a t i o n of the D e l t a 
u n i t s . 

The Swain was q u i t e an e a r l y t u r b i n e o f t h e North American w a t e r 
power t e c h n o l o g y . Mead p o i n t s out t h a t t h e Howd t u r b i n e which was 
a p r i m i t i v e a n c e s t o r of t h e "American" t y p e t u r b i n e was p a t e n t e d 
i n 1838. F r a n c i s had f u r t h e r r e f i n e d t h e d e s i g n f o l l o w i n g 
s c i e n t i f i c p r i n c i p l e s by 1849. Mead f u r t h e r s t a t e d t h a t t h e 
Swain t u r b i n e was designed by Mr. A. M. Swain's i n 1855. See 
Mead ( 4 ) pages 12 & 13. Mr. Emerson, Mr. F r a n c i s and Mr. Swain 
were a l l a t t h i s t i m e a c t i v e a t L o w e l l , M a s s a c h u s e t t s , which was 
c o n s i d e r e d t h e c e n t r e of t h e w a t e r power m a n u f a c t u r i n g i n d u s t r y . 
H o r t o n ( 2 ) i n a f o o t n o t e g i v e s t h e a d d r e s s f o r t h e Swain T u r b i n e 
and M a n u f a c t u r i n g Company as L o w e l l , Mass, and i t i s probably 
t h a t t h e t u r b i n e s a t D e l t a were manufactured t h e r e . I t i s 
noteworthy t h a t a number of t h e L o y a l i s t s moved from t h i s a r e a o f 
t h e USA and i t i s c o n c e i v a b l e t h a t b u s i n e s s r e l a t i o n s between t h e 
L o y a l i s t s and t h e Americans s t i l l p e r s i s t e d through t o t h e 
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1860's. While t h e Swain was a w e l l r e s p e c t e d u n i t of h i g h 
e f f i c i e n c y f o r a t t h i s t i m e , o t h e r t y p e s such as t h e L e f f e l and 
t h e L i t t l e G i a n t t u r b i n e were much more common. Unpublished and 
i n c omplete r e c o r d s of t u r b i n e i n s t a l l a t i o n s i n O n t a r i o i n t h e 
w r i t e r ' s p o s s e s s i o n show Swain t u r b i n e s i n use a t B l a i r , Guelph, 
Rockwood, A y r , G a i t , New Dundee, T e e s w a t e r and a t H i l l s b u r g , 
O n t a r i o i n t h e p e r i o d 1902 t hrough 1913. The w r i t e r b e l i e v e s 
a l l t h e above a r e now d e s t r o y e d . The D e l t a u n i t s a r e 
s u f f i c i e n t l y r a r e t o w a r r a n t p r e s e r v a t i o n . 

The D e l t a M i l l i s s a i d t o have been t u r b i n e powered from 1860, 
and i t i s f u r t h e r b e l i e v e d t h a t t h e headrace and t u r b i n e bulkhead 
was b u i l t t h e n . However th e s t o n e a r c h a t the downstream end of 
t h e b u l k h e a d , which was f i l l e d i n t o form t h e c l o s e d bulkhead 
n e c e s s a r y f o r t h e t u r b i n e s , i s i n c o n s i s t e n t w i t h t h i s t h e s i s . 
I t would not be r e a s o n a b l e t o have c o n s t r u c t e d t h e a r c h , then a t 
t h e same ti m e f i l l e d i t i n t o c o n t a i n t h e water f o r t h e 
t u r b i n e s . 

R a t h e r , t h e c o n s t r u c t i o n of t h e a r c h would have been c o n s i s t e n t 
w i t h an e a r l i e r w a t e r wheel i n s t a l l a t i o n , w i t h t h e f i l l i n g i n of 
t h e a r c h f o l l o w i n g a t a l a t e r d a t e . D e s p i t e the f a c t t h a t the 
Swain t u r b i n e was i n v e n t e d i n 1855, we q u e s t i o n t h a t t h e t u r b i n e s 
now a t D e l t a were i n s t a l l e d a s e a r l y as 1860. I t i s p o s s i b l e but 
t h e w r i t e r i s s k e p t i c a l . For h i s t o r i c a l c o r r e c t n e s s , t h e support 
f o r t h e 1860 i n s t a l l a t i o n of t h e p r e s e n t t u r b i n e s needs r e v i e w by 
o t h e r s . 

The r e s i d u a l s of two t u r b i n e s and t h e i r a s s o c i a t e d d r i v i n g 
h a r n e s s i s i n t h e t u r b i n e bulkhead and on the f l o o r above. The 
r e s t o r a t i o n of one or t h e o t h e r of t h e t u r b i n e s t o an o p e r a t i n g 
d i s p l a y would not be unduly d i f f i c u l t from a m e c h a n i c a l 
s t a n d p o i n t , s i n c e t h e major and c r i t i c a l components a r e 
p r e s e n t , and no major breakages were noted. However t h e 
r e s t o r a t i o n of t h e headrace t o p r o v i d e even a low head would 
r e q u i r e c o n s i d e r a b l e c i v i l work. 

The l e t t e r from H. H a l l of C h a r l e s B a r b e r and Sons of 1949 and 
p r e v i o u s l y mentioned, i m p l i e s t h a t both t u r b i n e s where e i t h e r 
o p e r a b l e or n e a r l y so a t t h a t t i m e , w i t h t h e downstream u n i t 
being used t o o p e r a t e t h e saw m i l l , and t h e o t h e r t u r b i n e being 
used t o o p e r a t e a chopper f o r g r i s t i n g . 

Using t h e Emerson d a t a from E x h i b i t 1 , and s c a l i n g f o r 7 f o o t net 
head and 48" runner diameter a s a t D e l t a , each Swain u n i t would 
r a t e a t f u l l l o a d a t a p p r o x i m a t e l y 33 horsepower, g i v e b e s t 
e f f i c i e n c y i f speeded a t 75 RPM under t h e 7 f o o t head, and 
r e q u i r e 1.45 c u b i c m eters per second w a t e r f l o w (3050 Cubic f e e t 
per m i n u t e ) . 

Both of t h e s e t u r b i n e s r o t a t e d c l o c k w i s e when viewed from above. 
The d r i v e t o t h e f l o u r m i l l l a y s h a f t r o t a t e d c l o c k w i s e a t 225 
RPM when viewed from t h e t u r b i n e p i t , and w i t h t h e t u r b i n e a t 
proper speed. 
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3 . The o l d s h a f t now i n s t a l l e d i n arch i n the t u r b i n e house 

I t has been suggested t h a t the s t e e l s h a f t used t o r e i n f o r c e t h e 
a r c h i n t h e t u r b i n e house s e r v e d o r i g i n a l l y a s the w a t e r wheel 
s h a f t . 

M e t a l l u r g i c a l i n v e s t i g a t i o n s would be i n f o r m a t i v e . 

O t h e r s have e x p r e s s e d t h e i r o p i n i o n s on t h i s m a t ter and we t r u s t 
t h a t we too can o f f e r comment. 

I n s o f a r as u s i n g t h e t h i s member as a wheel s h a f t , t h e f o l l o w i n g 
confounding a s p e c t s a r i s e . F i r s t l y a p r e c e d e n t example has not 
be noted i n our f i n d i n g s i n the r e s e a r c h t o d a t e . At t h e time 
D e l t a m i l l was b e i n g b u i l t , m i l l w r i g h t s tended t o be c o n s e r v a t i v e 
and f o l l o w e s t a b l i s h e d p r a c t i c e s r a t h e r t h a n e x p l o r e new 
approaches. 

Secondly, w a t e r wheel c o n s t r u c t i o n a t t h i s t ime used one of two 
methods of s e c u r i n g t h e wheel arms t o t h e s h a f t , e i t h e r by 
m o r t i s i n g t h e arms i n t o t h e wheel s h a f t or by p a s s i n g them by and 
clamping them t o t h e l a r g e wheel s h a f t . While i t i s c o n c e i v a b l e 
t h a t t h e arms c o u l d be passed by and clamped t o t h i s s m a l l s t e e l 
s h a f t , i t would be our o p i n i o n t h a t an d e s i g n check would show 
the wood t o be o v e r l o a d e d . While o t h e r methods c o u l d be d e v i s e d 
to s o l v e t h i s problem, o t h e r c a s t i n g s would p r o b a b l y be 
n e c e s s a r y . 

((We w i l l r e v i e w t h e s t r u c t u r a l c a p a b i l i t y of t h e s h a f t t o 
w i t h s t a n d t h e w e i g h t of a s y n t h e s i z e d w a t e r wheel f o r t h e f i n a l 
r e p o r t ) ) 

T h a t t h e s h a f t was used i n t h e M i l l p r i o r t o 1860 i s p r o b a b l e , 
but i t may have been used f o r i n l o c a t i o n s and f o r purposes o t h e r 
t h a n t h e main wheel s h a f t . L a t e r i n t h e r e p o r t we r e f e r t o Glynn 
( 8 ) and a t t a c h a c u t showing a p o s s i b l e d r i v i n g h a r n e s s 
arrangement. I t i s i n t e r e s t i n g t o note t h a t t h e v e r t i c a l second 
s h a f t i n t h i s c u t i s of square c r o s s s e c t i o n . 

4 . F l o u r M i l l C o n s i d e r a t i o n s 

The s c r a p p i n g of m e c h a n i c a l equipment by e a r l i e r owners and t h e 
s t r u c t u r a l r e n e w a l s of t h e f l o o r s i n t h e m i l l and i n t h e t u r b i n e 
p i t a r e a has removed e v i d e n c e of t h e k i n d of m i l l i n g equipment, 
i t s placement and arrangement and t h e a s s o c i a t e d m e c h a n i c a l 
d r i v e s . As i s know by o t h e r s and as i s p a r t l y supported by 
v i s i b l e e v i d e n c e and r e c o r d s , t h e m i l l p roper has had not l e s s 
t h a n t h r e e major m o d i f i c a t i o n s from t h e o r i g i n a l e r e c t i o n . 

I n a l l c a s e s , t h e f o l l o w i n g r e q u i r e m e n t s were n e c e s s a r y -
p r a c t i c a l m e c h a n i c a l d r i v e s from t h e prime mover t o t h e d r i v e n 
machine must have e x i s t e d - f e e d s t o c k and product needed t o be 
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handled through t h e p r o c e s s and a complement of equipment was 
n e c e s s a r y - and adequate f o u n d a t i o n s and s u p p o r t s f o r t h e prime 
movers and main equipment e x i s t e d i n each c a s e . We have 
attempted t o d e s c r i b e h e r e i n how each of t h e s e r e q u i r e m e n t s were 
met, u s i n g e x i s t i n g documents, and r e s i d u a l m echanical equipment 
and s t r u c t u r a l e v i d e n c e i n t h e m i l l t o t h e e x t e n t p o s s i b l e . I n 
a d d i t i o n , i f e v i d e n c e l a c k e d , s p e c u l a t i o n p r e v a i l e d , which was 
based upon h i s t o r i c a l p r a c t i c e s as e v i d e n c e d i n o t h e r m i l l s w i t h 
which t h e w r i t e r i s f a m i l i a r and by r e f e r e n c e t o w r i t i n g s on t h e 
s u b j e c t . O t h e r s w i l l need t o comment on t h e s p e c u l a t i o n s . 

4:1 M@§fe reeeflfe B§e = 6hep M i l l f o r l e e a l farmers. (1930?- 1949?) 

I n t h e l a s t a c t i v e use of t h e M i l l , a s i n g l e head g r a i n 
chopper was o p e r a t e d t o s e r v i c e l o c a l f a r m e r s w i t h g r i s t f o r 
l i v e s t o c k f e e d . The p r o c e s s equipment r e q u i r e d f o r t h i s s e r v i c e 
was a r e c e i v i n g or s c a l p i n g shoe ( t o remove rough m a t e r i a l from 
the whole g r a i n b e f o r e p a s s i n g i t through t h e g r i n d e r ) , s e v e r a l 
e l e v a t o r s t o handle t h e whole g r a i n t o one of a s e v e r a l overhead 
g r a i n b i n s , a chopper ( w h i c h i s s t i l l i n t h e m i l l ) , a m i x e r and a 
bagging hopper on t h e main f l o o r . I t would have been common t o 
have a s e t of oat r o l l e r s i n a m i l l o f t h i s s i z e t o s e r v i c e h orse 
owners. T h e r e may have been some b i n s t o r a g e i n the m i l l so 
t h a t t h e o p e r a t o r c o u l d buy and s e l l s m a l l amounts of whole 
g r a i n s f o r subsequent r e s e l l i n g t o t h e l o c a l f a r m e r s f o r b l e n d i n g 
w i t h t h e i r own g r a i n s . " C o n c e n t r a t e s " t o enhance p r o t e i n c o n t e n t 
would have been p r o v i d e d by a l a r g e r f e e d s u p p l y house, which 
would a l s o p r o v i d e r a t i o n r e c i p e s t o p e r m i t t h e m i l l e r t o 
c u s t o m i z e t h e l i v e s t o c k f e e d f o r t h e i n t e n d e d purpose. M i l l 
a c c e s s o r i e s would i n c l u d e wheeled bag c a r t s , f l o o r or p o r t a b l e 
s c a l e s , a g r a i n t e s t e r s e t , b e l t l a c i n g equipment 

The s i n g l e head chopper s t i l l s t o r e d i n t h e m i l l uses b a l l 
b e a r i n g s w h i c h i s t y p i c a l of a p o s t 1900 d e s i g n . I t would have 
r e q u i r e d 15 t o 20 horsepower t o o p e r a t e a t r e a s o n a b l e c a p a c i t y , 
which i s w i t h i n t h e c a p a c i t y of t h e t u r b i n e p r o v i d e d w a t e r was 
a v a i l a b l e . The e l e v a t o r s , m i x e r s and o t h e r equipment would 
r e q u i r e a nominal amount of power. 

The upstream t u r b i n e was used f o r t h i s purpose, coupled t o a 
v e r t i c a l s h a f t e x t e n s i o n , which c a r r i e d a b e v e l m o r t i s e gear ( t h e 
m o r t i s e gear which i s p r e s e n t l y b r o k e n ) . The m o r t i s e gear then 
meshed w i t h a p i n i o n on a h o r i z o n t a l l a y s h a f t which extended 
through t o a p i l l o w b l o c k support ( s t i l l e x i s t i n g ) on t h e m i l l 
w a l l c u t o u t . The p i n i o n a s s o c i a t e d w i t h t h i s gear s e t and t h e 
h o r i z o n t a l l a y s h a f t a r e both s t o r e d l o o s e i n t h e t u r b i n e shed. A 
f l a t p u l l e y i n s t a l l e d on t h e l a y s h a f t and i n s i d e t h e m i l l w a l l 
would have been b e l t e d t o t h e chopper on t h e main f l o o r . There 
was a f u r t h e r s h a f t e x t e n s i o n t o t h e t u r b i n e s h a f t up through t h e 
p r e s e n t f l o o r l e v e l i n t h e t u r b i n e shed, and a p u l l e y i n s t a l l e d 
t h e r e o n t o d r i v e through 2 s l o t s i n t h e m i l l w a l l . T h i s b e l t must 
have d r i v e n a n o t h e r v e r t i c a l s h a f t i n s i d e t h e m i l l which 
e x t e n d i n g t o upper l e v e l s f o r o t h e r a c c e s s o r i e s such as e l e v a t o r s 
or t h e m i x e r . The w i d t h of t h e b e l t , and t h e b e l t speed i n d i c a t e 
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per Haven and S w i f t See r e f 5) a c a p a c i t y of 10 to 15 horsepower 
a t b e s t . The d r i v e s t o t h e e l e v a t o r s i n t h e upper l e v e l s have 
been g e n e r a l l y removed and a l t h o u g h some e v i d e n c e by way of b o l t 
h o l e s and m o r t i s e s i n columns and t i m b e r s remain, t h i s has not 
been i n v e s t i g a t e d i n d e t a i l a t t h i s t i m e . A f l o w p r o c e s s f o r t h e 
g r i s t i n g o p e r a t i o n s c o u l d be s y n t h e s i z e d by u s i n g the e l e v a t o r 
l e g s i n t h e i r p r e s e n t l o c a t i o n s . T here i s a l s o e v i d e n c e of 
l o c a t i o n s of b i n s and c h u t e s on t h e f l o o r s and i n t h e f r a m i n g i n 
t h e upper l e v e l s o f t h e m i l l . 
None of t h e equipment used f o r t h e chopping o p e r a t i o n would 
r e q u i r e s p e c i a l f o u n d a t i o n s - r a t h e r t h e i n s t a l l a t i o n would have 
proceeded by making b e s t use of t h a t which e x i s t e d a t t h e time of 
c o n v e r s i o n . There i s some p o s s i b i l i t y t h a t t h e m i l l s t o n e husk 
was m o d i f i e d and lowered down a t t h i s time - p o s s i b l y t o o b t a i n a 
common main f l o o r l e v e l f o r convenience and s t a b i l i t y . But i t i s 
a l s o our p o s t u l a t e t h a t t h e m i l l s t o n e husk must have been 
c o n s i d e r a b l y h i g h e r when t h e m i l l s t o n e s / r o l l e r s were i n 
o p e r a t i o n , and i t i s c o n c e i v a b l e t h a t a s t i l l lower l e v e l of 
t i m b e r f r a m i n g ( w h i c h had o r i g i n a l l y c a r r i e d l a y s h a f t s f o r 
m i l l s t o n e / r o l l e r d r i v e s and no l o n g e r e x i s t i n g ) had 
d e t e r i o r a t e d by r o t t i n g . The p r e s e n t support f o r t h e lower husk 
members i s i n a d e q u a t e l y done and i s i n d i c a t i v e of work done 
q u i c k l y and p r o b a b l y under f i n a n c i a l d u r e s s . 

The t u r b i n e c u r b and i t s l o c a t i o n , t h e b e v e l m o r t i s e gear s e t and 
t h e h o r i z o n t a l l a y s h a f t would have been b a s i c a l l y unchanged a t 
t h i s t i m e . 

4.2 R o l l e r M i l l Operation f o r Domestic F l o u r production 
(1893? - 1930?) 

No r e s i d u a l m achinery e x i s t a n t i n t h e m i l l , o t h e r than t h e prime 
movers, can be c l e a r l y r e l a t e d t o t h e r o l l e r m i l l p e r i o d . A l l 
t h e p r o c e s s equipment i s gone, so t h e t y p e of equipment and i t s 
arrangement i n t h e m i l l a t t h a t p e r i o d must r e l y on informed 
s p e c u l a t i o n . As f l o u r m i l l i n g t e c h n o l o g y advanced through t o t h e 
l a t e 1800's, t h e g r i t t y and o f f w h i t e f l o u r p roduct q u a l i t y 
a v a i l a b l e from t h e o l d s t y l e f l a t g r i n d i n g ( o r once through) 
p r o c e s s would have been i n c r e a s i n g l y u n c o m p e t i t i v e compared t o 
p r o d u c t from t h e new p r o g r e s s i v e r e d u c t i o n s y s t e m s . These systems 
which became a v a i l a b l e from the 137'Vs, 1 so o f f e r e d t h e m i l l e r 
more product from each b u s h e l of wheat. A c o n s i d e r a b l e complement 
of downstream p r o c e s s equipment would have been n e c e s s a r y t o 
s u p p o r t t h e p r o g r e s s i v e r e d u c t i o n p r o c e s s , and t h e o l d b o l t e r s 
and r e e l s r e m a i n i n g from t h e m i l l s t o n e p e r i o d would have been f o r 
t h e most p a r t not r e u s a b l e . A minimum of 3 s e t s of double 
r e d u c t i o n r o l l e r s s t a n d s would have been n e c e s s a r y t o a c h i e v e t h e 
y i e l d and q u a l i t y b e n e f i t s of t h e p r o g r e s s i v e r e d u c t i o n p r o c e s s . 
I t was a l s o p r o b a b l e t h a t t h e s i z e of i n s t a l l a t i o n was l i m i t e d t o 
match t h e a v a i l a b l e w a t e r power and i n s t a l l e d t u r b i n e c a p a c i t y . 
T h a t a steam engine was s a i d t o have been i n s t a l l e d a t t h i s time 
i n d i c a t e s t h a t a t l e a s t s e a s o n a l w a t e r s h o r t a g e s had o c c u r r e d i n 
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t h e p a s t . An i l l u s t r a t i o n a t t a c h e d and t a k e n from t h e Greey 
c a t a l o g of 1901 (See r e f 6) Page 588 shows a t y p i c a l arrangement 
f o r a t h r e e double s t a n d m i l l and l i s t s t h e equipment complement. 
The Greey i l l u s t r a t i o n shows a h o r i z o n t a l l a y s h a f t i n the 
basement of t h e m i l l t o d r i v e t h e r o l l e r s t a n d s on t h e n e x t 
h i g h e r f l o o r l e v e l . 

At t h e D e l t a M i l l i t i s p o s t u l a t e d t h a t t h e main d r i v e f o r t h e 
r o l l e r s would be s i m i l a r t o t h a t shown i n t h e Greey i l l u s t r a t i o n . 
The h o r i z o n t a l l a y s h a f t of t h e m i l l d r i v e t u r b i n e would have 
o r i g i n a l l y extended t o t h e e a s t s u f f i c i e n t l y t o p e r m i t b e l t 
d r i v e s t o each r o l l e r s t a n d , which i n t u r n were l o c a t e d on t h e 
m i l l s t o n e husk. 

C o n s i d e r i n g s t r u c t u r a l support f o r t h e r o l l e r s t a n d s , i t i s 
u n l i k e l y t h a t a prudent owner or e x p e r i e n c e d m i l l w r i g h t would 
f i n d t h e m i l l s t o n e husk i n i t s p r e s e n t l o c a t i o n a d e q u a t e l y 
supported, s i n c e each s t a n d c o u l d weigh up t o 1 tonne. 

The m i l l d r i v e t u r b i n e and i t s a s s o c i a t e d h o r i z o n t a l l a y s h a f t 
would have been g e n e r a l l y unchanged i n l o c a t i o n f o r t h i s 
u p d a t i n g , a l t h o u g h new p u l l e y s would have been i n s t a l l e d , and i t 
i s p o s s i b l e t h a t t h e l a y s h a f t i t s e l f may have been r e p l a c e d . 

I t i s i n t e r e s t i n g t o c o n s i d e r t h e a n n u a l p r o d u c t i o n of t h e m i l l 
as i t r e l a t e s t o g r a i n s t o r a g e . I f t h e m i l l o p e r a t e d a t i t s 
d e s i g n c a p a c i t y of 1.5 b a r r e l s of f l o u r per hour f o r 10 hours f o r 
6 days each week, t h e m i l l would use a p p r o x i m a t e l y 20,000 b u s h e l s 
of wheat a n n u a l l y . Modest though t h i s i s , i t would have r e q u i r e d 
a p p r o x i m a t e l y 30,000 c u b i c f e e t of s e a s o n a l g r a i n s t o r a g e 
c a p a c i t y . 

4.3 M i l l s t o n e M i l l f o r Domestic F l o u r Production - Turbine Power 
(1860? to 1893?) 

T h i s time p e r i o d encompassed an e r a of r a p i d t e c h n i c a l 
development i n m i l l i n g t e c h n o l o g y . I n 1860, t h e D e l t a M i l l would 
have been a r r a n g e d f o r t h e f l a t g r i n d i n g or once through p r o c e s s 
and i t would have used t h e o r i g i n a l equipment complement of 
O l i v e r E v a n s ' s d e s i g n s . However, by 1870 t h e m i d d l i n g s p u r i f i e r 
was developed, which was a major advance towards modern m i l l i n g . 
The i m p o r t a n t d e v e l o p e r of t h a t machine and p r o c e s s e s u s i n g t h a t 
machine was a Mr. George T. Smith, who formed a m a n u f a c t u r i n g 
company i n t h e S t r a t f o r d a r e a i n t h a t p e r i o d . T h i s f i r m was 
q u i t e s u c c e s s f u l throughout O n t a r i o and i n t o t h e USA i n t h e m i l l 
machinery b u s i n e s s . I t i s r e a s o n a b l e t o s p e c u l a t e t h a t t h e D e l t a 
M i l l might have been updated through i n s t a l l i n g a p u r i f i e r and 
a n c i l l a r y equipment b e f o r e t h e i n s t a l l a t i o n of t h e r o l l e r s t a n d s . 
With a p u r i f i e r i n t h e p r o c e s s , a n d t o g a i n t h e b e n e f i t p o s s i b l e 
an a d d i t i o n a l run of m i l l s t o n e s would have been n e c e s s a r y . On 
can s p e c u l a t e t h a t t h e t h i r d run of s t o n e s might have been added 
a t t h e w e s t e r l y end of the husk a t t h a t t i m e . An i l l u s t r a t i v e 
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c u t from D e d r i c k ( 7 ) Page 25 shows a m i l l of 1885 u s i n g a 
p u r i f i e r and t h r e e run of s t o n e s . 

However t h e r e i s no c l e a r p h y s i c a l e v i d e n c e t o support t h e t h e s i s 
of m o d e r n i z a t i o n u s i n g a p u r i f i e r . As i s p o i n t e d out i n e a r l i e r 
s t u d i e s done by o t h e r s on t h e D e l t a M i l l ( ) , t h e most E a s t e r l y 
run of s t o n e s may have been moved t o t h e W e s t e r l y end of t h e husk 
s o l e l y t o s i m p l y t h e d r i v i n g h a r n e s s when t h e m i l l was c o n v e r t e d 
t o t u r b i n e power i n 1860. 

P h y s i c a l e v i d e n c e of t h e k i n d and arrangement of a n c i l l a r i e s on 
t h e upper f l o o r l e v e l s i s q u i t e l i m i t e d . The b u i l d i n g i s amply 
l a r g e t o c o n t a i n a l l t h e equipment a s shown i n D e d r i c k , r e f e r e n c e 
above mentioned. 

Another c r i t i c a l f a c t o r overhanging a l l p o t e n t i a l m o d e r n i z a t i o n s 
a t t he D e l t a m i l l i s t h e modest power c a p a c i t y of t h e s i t e . Both 
f l o w and head a r e q u i t e modest and t h i s would l i m i t development 
a l t e r n a t i v e s . R e a l i z i n g t h a t t h e m i l l would have been i n 
o p e r a t i o n some 60 y e a r s by t h i s t i m e , a l b e i t u s i n g a w a t e r wheel, 
t h e t h e n Owner, through e x p e r i e n c e and/or h e a r s a y knowledge would 
have a good u n d e r s t a n d i n g of t h e r u n o f f of t h e s t r e a m . T h i s 
c e r t a i n l y would been used i n s e l e c t i n g t h e a p p r o p r i a t e s i z e of 
t u r b i n e . Once th e t u r b i n e was s e l e c t e d a l l o t h e r equipment 
c h o i c e s would need t o match t h e t u r b i n e c a p a c i t y . 

R e s i d u a l s of t h e upstream t i m b e r t u r b i n e s e a t and d i s c h a r g e 
t a i l r a c e s t i l l e x i s t a t and below s t a n d i n g w a t e r l e v e l i n t h e 
bulkhead i n t h e t u r b i n e house, and t h e s e can be used t o e s t a b l i s h 
t h e approximate c e n t r e l i n e of t h e t u r b i n e s h a f t . F o r t u n a t e l y , 
p a r t of t h e d r i v i n g h a r n e s s f o r t h i s t u r b i n e i s s t i l l s t o r e d i n 
t h e t u r b i n e house, and t h e dimensions of t h e t u r b i n e v e r t i c a l 
e x t e n s i o n s h a f t (complete w i t h b e v e l m o r t i s e gear and i t s 
companion p i n i o n g e a r ) can be used t o e s t a b l i s h t h e e l e v a t i o n of 
t h e h o r i z o n t a l l a y s h a f t which extended i n t o t h e m i l l t o d r i v e 
t h e m i l l s t o n e s . The r e a l i t y of t h e d r i v e would r e q u i r e t h a t t h e 
v e r t i c a l a x i s through t u r b i n e , t h e h o r i z o n t a l l a y s h a f t , t h e a x i s 
of each m i l l s t o n e , and t h e v e r t i c a l s h a f t e x t e n d i n g to upper 
l e v e l s of t h e m i l l a l l need t o f a l l i n a common p l a n e . A 
p r a c t i c a l d r i v e would be s i m i l a r t o t h e one p i c t u r e d i n 
D e d r i c k ( 7 ) . However i t i s a l s o p o s s i b l e t h a t an a l t e r n a t i v e 
d r i v e to t h e two E a s t e r l y m i l l s t o n e s c o u l d have made re u s e of t h e 
o r i g i n a l spur gear d r i v e ( w h i c h was t h e p r o b a b l e d r i v e from t h e 
o r i g i n a l w a t e r w h e e l ) - and t h i s has been suggested by o t h e r s . See 
t h e l a y o u t i n G l y n n ( 8 ) Page 127 F i g u r e 45, f o r a t y p i c a l w a t e r 
wheel d r i v e s u i t a b l e t o t h e D e l t a M i l l arrangement. 

A p i l l o w b l o c k f o r t h e l a y s h a f t s t i l l r emains on t h e M i l l w a l l 
c u t o u t , and t h i s i s p r o b a b l y i n or c l o s e t o t h e o r i g i n a l 
l o c a t i o n . S e v e r a l a d d i t i o n a l p i l l o w b l o c k s f u r t h e r t o t h e E a s t 
would would have been r e q u i r e d t o c a r r y t h e l a y s h a f t . The lower 
husk members do not show th e m o r t i s e s or b o l t h o l e s f o r t h e s e 
b l o c k s and t h e i r absence i s s i g n i f i c a n t . F urthermore t h e 
h o r i z o n t a l l a y s h a f t would have needed t o p a s s below t h e m i l l s t o n e 
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d r i v e s p i n d l e s and t h e i r t e n t e r i n g beams f o r both t h e c e n t r e and 
most w e s t e r l y m i l l s t o n e s . The lower t i m b e r s of t h e m i l l s t o n e 
husk a r e now too low t o be c o n s i s t e n t w i t h t h e known e l e v a t i o n of 
t h e h o r i z o n t a l l a y s h a f t . I t seems i n e s c a p a b l e t h a t an a d d i t i o n a l 
l e v e l of t i m b e r i n g , which no longer e x i s t s , o r i g i n a l l y supported 
t h e p r e s e n t husk and t h e p i l l o w b l o c k s of t h e l a y s h a f t , and t h a t 
t h e husk was c o n s i d e r a b l y h i g h e r than a t p r e s e n t . F u r t h e r , note 
t h a t t h e window on t h e South m i l l w a l l i n t h e v i c i n i t y of t h e 
husk i s p r e s e n t l y i n t e r f e r e d by t h e lower member of t h e husk, 
which would not be e x p e c t e d . 

The p r e s e n t s t r u c t u r a l support f o r t h e m i l l s t o n e husk would not 
have been s a t i s f a c t o r y . F u r t h e r s i t e i n v e s t i g a t i o n s may 
f u r t h e r d e f i n e t h e l o c a t i o n of t h e husk f o u n d a t i o n s , but t h e 
d e t a i l s a r e not now e v i d e n t . 

4 . 4 O r i g i n a l Arrangement, Water wheel with one or two run of 
M i l l s t o n e s (1810? - 1860?) 

At t h i s time of t h e s t u d y i t i s s t i l l not p o s s i b l e t o be 
d e f i n i t i v e on t h e o r i g i n a l arrangement of t h e water wheel and i t s 
d r i v e s . The l o c a t i o n of t h e headrace ch a n n e l and t h e t a i l r a c e 
a r c h i n the South w a l l a p p r o x i m a t e l y f i x t h e l o c a t i o n of t h e 
w h e e l , and t h e headrace channel and o t h e r e v i d e n c e g i v e 
r e a s o n a b l e c o n f i d e n c e i n t h e headwater l e v e l . 

Soundings i n t h e wheel p i t a r e a have g i v e n p r e l i m i n a r y e v i d e n c e 
t h a t t h e bedrock was removed below th e p r e s e n t t a i l w a t e r l e v e l . 
Rock e x c a v a t i o n would not be undertaken u n l e s s f o r good purpose, 
and t h e r e would seem t o be no r e a s o n f o r t h i s work o t h e r t h a n f o r 
wheel c l e a r a n c e . Y e t i f t h e r o c k e x c a v a t i o n i s found i t t o be 
of t h e s u f f i c i e n t e x t e n t i n w i d t h and form t o be p a r t of t h e 
wheel p i t , t h e n t h e t a i l w a t e r l e v e l i s confounding. No 
m i l l w r i g h t of any p e r i o d would knowingly s e t a wheel t o wade i n 
t h e w a t e r , and t h a t would c e r t a i n l y be t h e c a s e w i t h t h e p r e s e n t 
w a t e r l e v e l . As was-mentioned p r e v i o u s l y , t h e e l e v a t i o n of t h e 
t u r b i n e c u r b s i n t h e a d j a c e n t t u r b i n e bulkhead s u p p o r t s a 
t a i l w a t e r l e v e l comparable t o t h e p r e s e n t . However i n t h e p e r i o d 
p r i o r t o 1860 t h e t a i l w a t e r l e v e l may have d i f f e r e d . For 
h i s t o r i c a l c o r r e c t n e s s t h e t a i l w a t e r i s s u e can and should be 
s e t t l e d , s i n c e any s i g n i f i c a n t change i n t a i l w a t e r e l e v a t i o n w i l l 
be t h e r e s u l t of a dam c o n s t r u c t e d downstream, and i t adds 
u n n e c e s s a r y u n c e r t a i n t y t o t h e water wheel and m i l l l a y o u t . On 
t h e o t h e r hand, i f t h e u l t i m a t e o b j e c t i v e i s t o r e s t o r e t h e D e l t a 
M i l l t o e i t h e r an a c t i v e or p a s s i v e s t a t u s , t h e n any new wheel 
must accommodate t h e p r e s e n t p r e v a i l i n g t a i l w a t e r l e v e l . 

I t i s s p e c u l a t e d t h a t a t most o n l y two run of m i l l s t o n e s were 
o r i g i n a l l y i n s t a l l e d , a t t h e E a s t e r l y end of t h e husk, and t h e r e 
i s some p o s s i b i l i t y ( a c c o r d i n g t o a newspaper s a l e s n o t i c e ) t h a t 
o n l y one run of s t o n e s was used. I f one presumes t h a t t h e 
m i l l s t o n e s were o r i g i n a l l y i n s t a l l e d p a r a l l e l t o t h e South w a l l 
a s p r e s e n t l y l o c a t e d , t hen few a l t e r n a t i v e s e x i s t f o r t h e d r i v e 

Page 10 D e l t a M i l l 



h a r n e s s between t h e w a t e r wheel and t h e m i l l s t o n e s . The d r i v e 
was p r o b a b l y s i m i l a r t o t h a t shown i n G l y n n (8) Page 127, F i g u r e 
45, i n a two m i l l s t o n e c o n f i g u r a t i o n . The w a t e r wheel s h a f t 
e x t e n d e d from t h e wheel p i t t o t h e E a s t t o t e r m i n a t e between t h e 
two m i l l s t o n e s . A crown g e a r n e a r t h e end of t h e wheel s h a f t 
meshed w i t h a p i n i o n on a v e r t i c a l second s h a f t . The v e r t i c a l 
s e cond s h a f t c a r r i e d a d r i v e n p i n i o n n e a r t h e bottom end and a 
l a r g e s p u r g e a r above t o p r o v i d e t h e d r i v e s t o t h e m i l l s t o n e s . 
T h i s second s h a f t was r e d u c e d i n s i z e and extended t o t h e upper 
l e v e l s , t o d r i v e a n c i l l a r y m a c hines on e a c h f l o o r . The l o c a t i o n 
of t h i s s h a f t i s e v i d e n c e d by b e a r i n g l o c a t i o n s on t h e top frame 
of t h e husk, and on t h e 2nd and 3 r d f l o o r t i m b e r f r a m i n g . 

I n 1810, one would e x p e c t t h a t t h e crown g e a r and w a t e r wheel 
s h a f t be c o n s t r u c t e d of wood w i t h c a s t i r o n j o u r n a l gudgeons 
i n s e t i n t h e end of t h e s h a f t . The p i n i o n on t h e v e r t i c a l second 
s h a f t would have been o f t h e t r u n d l e t y p e w i t h wooden rounds, but 
i t i s c o n c e i v a b l e t h a t a c a s t i r o n p i n i o n was use d a g a i n s t a 
b e v e l m o r t i s e d g e a r w i t h wooden t e e t h . I t i s p r o b a b l e t h a t c a s t 
s p u r g e a r s on e a c h m i l l s t o n e s p i n d l e meshed w i t h a wooden t o o t h e d 
s p u r m o r t i s e m a s t e r g e a r on t h e v e r t i c a l second s h a f t . 

The d r i v i n g h a r n e s s d e s c r i b e d above would im p a r t a 
c o u n t e r c l o c k w i s e r o t a t i o n t o t h e r u n n e r s t o n e s . I t would be 
w o r t h w h i l e t o examine t h e p i e c e s of m i l l s t o n e s s t i l l p r e s e n t i n 
D e l t a m i l l t o s e e i f t h e d i r e c t i o n of r o t a t i o n can be d e t e r m i n e d 
from t h e d r e s s of t h e s t o n e s . One bed s t o n e l a i d out on t h e 
second f l o o r a p p e a r s t o be n e a r l y c o mplete. 

The m i l l s t o n e husk must have been l o c a t e d c o n s i d e r a b l y h i g h e r 
t h a n a t p r e s e n t , s i n c e t h e wheel s h a f t p a s s e d beneath t h e s p i n d l e 
and t e n t e r i n g beam of t h e W e s t e r l y m i l l s t o n e of t h e E a s t e r l y 
p a i r . I t i s not o b v i o u s now t h a t s u f f i c i e n t c l e a r a n c e f o r t h e 
crown gear o r t h e wheel s h a f t e x i s t s s i n c e t h a t a r e a i s 
b a c k f i l l e d w i t h r u b b l e . I t would be w o r t h w h i l e t o u n d e r t a k e a 
c o n f i r m a t o r y d i g i n t h e v i c i n i t y of t h e v e r t i c a l second s h a f t t o 
t r y t o f i n d t h e s u p p o r t f o r t h e E a s t e r l y end of t h e w a t e r wheel 
s h a f t . 

W h i l e t h e i n v e s t i g a t i v e work and s y n t h e s i z i n g of t h e equipment 
a r r a n g e m e n t s i s h i s t o r i c a l l y w o r t h w h i l e and most i n t e r e s t i n g , one 
s h o u l d r e a l i z e t h a t a wooden w a t e r w h e e l , t h e s h a f t and wooden 
s l u i c e s had a s h o r t l i f e t i m e under t h e d i f f i c u l t c o n d i t i o n s of 
a l t e r n a t i n g wet and dry and f r e e z i n g c o n d i t i o n s . A wheel seldom 
l a s t e d more t h a n 15 or 20 y e a r s , and t h e r e may have been 3 or 
more w h e e l s i n s t a l l e d a t t h e D e l t a m i l l . I t i s q u i t e u n l i k e l y 
t h a t t h e same p a t t e r n was f o l l o w e d e a c h c a s e . 
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T h e T e s t i n g S y s t e m . 
Hav ing terminated my connection with the business of testing 

turbines, i t may be wel l to give a brief account of the conception 
of the business as a system. 

S u c h tests were made in Europe early in the present century ; in 
this country, by Ur iah A . Boyden, from 1843 to 1859. I have found 
it impossible to obtain any authentic record of Mr. Boyden's tests, 
though there are rumors of fabulous results. Mr . F ranc i s , in the 
work cal led " Lowe l l Hydrau l ic Exper iments , " states that data fur­
nished him for computation gave 88 per cent. H e does not vouch 
for the data furnished, nor does it appear that such data was fur­
nished by a disinterested engineer in any case. Mr. F ranc i s fol­
lowed Mr. Boyden in making such tests, but he, l ike the former, 
made thein so expensive as to be beyond the reach of any but 
wealthy corporations, whi le the manufacturing interest required a 
definite knowledge of the efficiency of the various kinds of turbine 
plans then springing into existence. 

I n 1859-60, the city of Phi ladelphia gratuitously tested a var iety 
of smal l wheels for different bui lders, but the plan for doing it was 
so defective that the tests had but little influence. I n 1867, the 
Chase Tu rb ine Co . , of Orange, Mass. , employed me to construct a 
dynamometer or brake for testing turbines. T h e fr ict ion bands that 
may be seen on the ship windlass, in another part of this work, gave 
me the idea of control l ing a turbine in that way, for I had brought 
in m y a ship to by such hands. T h e Prony brake had never been 
heard of by me at that t ime, nor unt i l my brake was completed. 

I n 1868, A . M. Swa in asked me to get up a suitable brake, and 
test one of his wheels at Putnam, Ct . S i x months' time and $ 1,700 
were expended in preparing the instrument. T h e company was 
persuaded to construct a Hume at the " o v e r f l o w " of the Wamesi t 
Power Co . , Lowe l l , Mass. A 42-inch Swa in wheel was set, and 
tested by Mr . Swa in and myself. T h e results were such that the 
company was urged to employ an engineer with at least a theoretical 
knowledge of such tests. H . F . Mi l ls , then of Boston, was selected 
for the purpose. T h e company then held a meeting and authorized 
Mr. S w a i n and mysel f to make arrangements for a public t r ia l , and 
the fol lowing notice was issued : 

I M P O R T A N T T E S T or T U R B I N E W A T E R W H E E L S , AT L O W E L L , MASS. , 
J U N E 16, 1869. 

S i n : The Swain Turbine Co . lias jus t completed extensive arrangements for a 
competitive test of Turbine Water Wheels . A flume and weir of the most ap­
proved plan, to supply and measure the water used, has been constructed. E m ­
erson's Dynamometer wil l be used to test the power of the wheels . 

Tho " p i t " is fourteen feet in w id th ; head of water vary ing from twelve to 
sixteen feet. E a c l i competitor wi l l select size and finish of wheel to suit himself. 
T h e Swain Wheel to be tested was built before the test was tbougbt of, and is in 
no way superior to the average of wheels furnished by the company. I t is forty-
two inches in diameter, and wil l be tested on the 16th day of this month. 

T h e Swa in , Lef fe l , Bod ine-Jonva l and Bryson T u r r e t wheels 
were entered. T h e measuring pit was fourteen feet wide, thirty in 
length and at first a litt le over three feet in depth below crest of 
weir—-the wheels, standing inside at the upper end in a quarter turn 
or i ron flume, being about twenty feet from the weir . I n this dis­
tance there were three separate racks to check the rushing water. 

9 

T h e Swa in wheel had thin sheet steel buckets, which made it very 
l ight for its diameter; yet, when set, it was barely possible to turn 
i t by the coupling upon the top of its shaft—the coupling being 
twenty inches in diameter, made that size to connect wi th brake. 
Mr . Swain "guessed the wheel would go, only put the water to i t . " 

T h e Lef fe ls knew better than to lose fifty or a hundred pounds i n 
that way, so, when their wheel was set, i t turned about as easy as a 
child's top. O f course, an engineer of experience would have re­
fused to have tested a w h e e l running as hard as the Swa in did, or to 
have tested a wheel of that size at a l l in a pit so smal l and filled 
with racks , for a good wheel would have l itt le chance against one of 
low efficiency. T h e work ing surfaces of the brake and band were 
made of steel and iron. Both being fibrous, l i tt le strips tore from 
each, often checking, and at times bringing the wheel to a sudden 
stop, so that it was difficult to make steady tests of many minutes ' 
duration. A bel l was connected to the wheel-shaft, which s t ruck 
at each fifty revolutions of the wheel. Instead of making each 
test wi th a given weight separate and distinct by itself, observers 
were placed at the different gauges, wi th watches set to the same 
t ime. A s the wheel ran very unsteady at the best—often stopping 
ent irely—it was necessary to reject many of the observations, and 
i t w i l l readily be seen that the difficulty would be in placing the 
r ight patches together. T h a t this is not imaginary, the fol lowing 
tables of results are given. T h e first is a copy of Mr. Mi l ls ' report, 
the second is a record of tests taken by myself, the same gauge 
hands being employed in each case, and the conditions being pre­
cisely the same for both. My tests, however, were taken upon the 
same plan that I have followed continuously for more than ten 
years : that is , to make each test for a given weight complete and 
distinct in itself. Mr. E . A . Th i sse l made a record of the gauges, 
as given by each of the hands employed, and as it agreed exact ly 
wi th the notes I had taken of a l l , his record is given in the table. 

M O D E OP CONDUCTING T H E E X P E R I M E N T S . 
Observers were stationed at various points, as follows : 

M r . J . B . Ha le , at,the hook-gauge, observed every minute, and a part of the 
time every thirty seconds, the reading of the hook-gauge, which indicated the 
depth of water upon the weir . 

M r . R . A . Ha le observed tire height of the water in the forehay and in the pit, by 
means of the scale (D) passing from the lower box to the upper every minute. 

M r . E . A . T h i s s e l noted the time of the str ik ing of the hel l , which indicated 
the speed of the wheel , to the nearest quarter second. 

M r . J a m e s E m e r s o n , by means of the hand-wheel (M) regulated the friction so 
that the index ( E ) should he kept as near to zero as possible, and thus the scale 
beam he kept level . 

Another assistant observed as rapidly as possible the actual position of the 
i u d c x during the experiment. 

Another kept the oil cups (T) supplied with oil, and, by a cock attached to each, 
regulated the amount flowing upon the friction surfaces. 

Another attended the gate and kept the racks clear of obstructions. 
T h e writer kept a record of the weights in the scale-pan, the heights of gate, 

a l l irregularit ies in the motion or disturbing causes of any k ind that would affect 
the results of the experiment, and suflicient observations of each class to check 
the accuracy of a l l of the notes. 

A t intervals, during a series of experiments, al l of the watches were compared 
wi th the standard, and differences noted, that there might be no difficulty in 
selecting the observations which applied to the time when the conditions for 
accurate results obtained. Recorded in the following manner : 
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A . M . S w a i n , N o r t h Chelmsford, M a s s . 

S W A I N T U R B I N E . 

One of the earlier high class wheels, made with many buckets and small OD. n-
ings , placed in " quarter t u r n " or " f lume curb ." Mr. Swain had much o d 
about starting the testing system. Quite a number of these wheels, raugin" in 
size from 18 to 42 inches in diameter have been tested. " * u K ' " o in 

Tes t of a 2 U n c h . H e a d . Weight. Kev.per 
minute. I I . P . 

Whole Gate 17.91 
18.25 
18.84 
18.44 

300 
275 
230 
165 

281 
282.5 
280 5 
241.5 

25.55 
23 54 
19.55 
12.08 

17.91 
18.25 
18.84 
18.44 

300 
275 
230 
165 

281 
282.5 
280 5 
241.5 

25.55 
23 54 
19.55 
12.08 

i t 

17.91 
18.25 
18.84 
18.44 

300 
275 
230 
165 

281 
282.5 
280 5 
241.5 

25.55 
23 54 
19.55 
12.08 

i i 

17.91 
18.25 
18.84 
18.44 

300 
275 
230 
165 

281 
282.5 
280 5 
241.5 

25.55 
23 54 
19.55 
12.08 

Cub ic 
feet. Cent . 

936.55 .8072 
864.94 .7902 
742.22 .7611 
562.20 .6175 
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20 T U R B I N E W A T E R - W H E E L T E S T S A N D P O W E R T A B L E 8 . 

T h e h o r s e p o w e r of a s t r e a m d e c r e a s e s a b o u t o n e - f o u r t h of 1 por c e n t w i t h a v a r i a t i o n o f 

t h e t e m p e r a t u r e of t h e w a t e r f r o m 4 0 ° to 7 5 ° F . 

F o r p r e c i s e c a l c u l a t i o n s t h e e x a c t w o i g h t of p u r e w a t e r m a y bo u s o f u l . 

Weight and dimensions of distilled water at stated temperatures.* 

|We lght In pounds . ] 

T e m p e r a ­
tu re , de­

grees F a h ­
renhei t . 

R e l a t i v e 
dens i ty . 

We igh t 
pereuh le 

foot. 

Weight 
per cub ic 

Inch. 

Weight o( 
c o l u m n 1 

Inch 
square , 1 
foot h igh. 

We igh t 
per U.S. 
gal lon . 

C u b i c 
feet per 

ton . 
Weight per 
cubic y a r d . 

32 0.99087 02.110 0.0301 0. 4334 8.345 32.043 1,085.232 

' 3 9 . 3 1.00000 02. 424 .0301 .4335 8.3454 32.039 1,085.448 

1 50 .90975 02.408 .0301 .4333 8.3433 32.047 1,084.908 

50 .09007 02.300 .0301 .4330 8.3383 32.009 1,081.882 

70 .99802 02.300 .0.1007 .4320 8.3295 32.103 1,082.100 

80 .99009 02.217 .03002 .4320 8.3184 32.145 1,070.850 

5 M a x i m u m dens i ty . • S m i t h , I l a m l l t o n , H y d r a u l i c s . 

I n p r n c t i c o tho t h e o r e t i c a l p o w e r is a l w a y s l o he m u l t i p l i e d b y a n e f f i c i e n c y f a c t o r E to 

o b t a i n I h o n e t p o w e r a v a i l a b l e o n t h e t u r b i n e s l i n f t ns d e t e r m i n a b l e b y d y n a m o m e t i i e a l t e s t . 

M a n u f a c t u r e r s ' r a t i n g t a b l e s a r e b a s e d o n e f f i c i e n c i e s u s u a l l y b e t w e e n 7 5 a n d 8 5 p e r c e n t . 

I n s e l e c t i n g t u r b i n e s f r o m a m a k e r ' s l i s t i t is o f t e n i m p o r t a n t to k n o w t h e r a t e d e f f i c i e n c y . 

T h i s m a y bo o b t a i n e d b y t h o f o l l o w i n g f o r m u l a : 

E = t a b l e d e f f i c i e n c y . 

I I . P . = t a b l e d h o r s e p o w e r , a n d 

Q = t a b i o . d d i s c b a r g o ( C . F . M . ) for a n y h e a d H . 

„ 3 3 . 0 0 0 X I I . P . „ R H I I . P . 
E ~ G2.4xQxH 5 2 8 8 Q X T ! 

T h o t a b l e d e f f i c i e n c i e s (or a n u m b e r of s t y l e s a n d s i z e s of t u r b i n e s a r e s h o w n i n t h o a c c o m ­

p a n y i n g t a b l e . 

Rated efficiency of water wheels. 

F r o m manufac tu re rs ' pnwsr tables.) 

N a m e ot wheel. 
D i a m e t e r 
In Inches. 

Percentage 
of c l l lc lcncy ! 

a t l O f o o t 
hend. ! 

Percentage 
ot c l l lc lcncy 

a t 40-foot 
head . 

24 81.520 79.85« 

48 79.855 79.85« 

20 80.800 80.800 

45 80.754 80.887 

24 79.877 79.944 

48 79.800 79.931 

24 80.0O) 79.011 

48 70.015 79.007 

24 80.000 79.900 
48 70.017 79.007 

22 80.110 79.841 
44 80.010 80.120 

25 79.830 79.890 
48 79.005 70.770 

U 70.014 .79.930 

48' 70.014 • 70.913 
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T h e e f f i c i e n c y a t w h i c h w h e e l s a r e r a t e d b y t h e b u i l d e r s v a r i e s s l i g h t l y w i t h t h e s i z o of t h e 

w h e e l , a s w e l l a s w i t h tho h e a d , i n m a n y c a s e s . O w i n g to t h e d i f f e r e n t w e i g h t s of w a t e r 

a s s u m e d , e t c . , tho e f f i c i e n c i e s of w h e e l s i n t e n d e d to bo r a t e d a t 80 p e r c e n t d i f fe r s l i g h t l y 

f r o m t h a t a m o u n t w h e r e c o m p u t e d f r o m t h e m a n u f a c t u r e r ' s p o w e r t a b l e s . 

P r i o r to t h e c l a s s i c a l e x p e r i m e n t s of J a m e s B . F r a n c i s o n t h e f low of w a t e r o v e r w e i r s i n 

1852 a t t h e l o w e r l o c k s i n L o w e l l , t h e d i v e r s i t y of f o r m u l a s u s e d for c a l c u l a t i n g f low t h r o u g l i 

t u r b i n e s m a k e s t h e r e s u l t s of e a r l y t e s t s i n c o m p a r a b l e o n e w i t l i a n o t h e r , a n d tho a c c u r a c y of 

s o m e l a t e r e x p e r i m e n t s p r e c e d i n g t h e b u i l d i n g of t h e p r e s e n t H o l y o k o t e s t i n g f l u m e is s o m e ­

w h a t i n d o u b t . 

I t c a n h a r d l y bo s a i d t h a t t h o r e h a s b e e n a p r o g r e s s i v e g r o w t h i n tho e f f i c iency of t u r ­

b i n e s , a s t h e f o l l o w i n g o u t l i n e of t h e results of s u c c e s s i v e s e r i e s of t e s t s w i l l s h o w : 

I n 1759 J a m e s S m e a t o n r e p o r t e d t e s t s of 27 u n d e r s h o t w a t e r w h e e l s s h o w i n g e f f i c ienc ies 

v a r y i n g f r o m 28 to 32 p o r c e n t . S i m i l a r t e s t s of 16 o v e r s h o t w h e e l s s h o w e d e f f ic ienc ies 

v a r y i n g f r o m 76 to 94 p e r c c n t . o 

I n 1837 M . M o r i n t e s t e d s o v o r a l F o u m e y r o n t u r b i n e s . O n e a t S t . B l a i s e s h o w e d a n effi­

c i e n c y of 85 p e r c e n t u n d e r 354 feot h e a d . F o r a n o t h o r , u n d e r a l o w e r f a l l , 88 p e r c e n t effi­

c i e n c y is c la imed . t> 

I n 1843 E l w o o d M o r r i s i n t r o d u c e d a n d t e s t e d F o u r n e y r o n t u r b i n e s i n tho U n i t e d S t a t e s . 

T u r b i n e s i n B o c k l a n d m i l l s e n d D u p o n t p o w d e r m i l l s , W i l m i n g t o n , D e l . , s h o w e d 70 a n d 75 

p e r c e n t m a x i m u m e f f i c i e n c y , r e s p e c t i v e l y . 

I n 1844 U r i a h A . B o y d o n b u i l t a t L o w e l l t h o first F o u m o y r o n t u r b i n o u s e d in N o w E n g ­

l a n d , w h i c h s h o w e d o n c o m p l e t i o n a n e f f i c i e n c y of 78 p e r c e n t . e I t i s c l a i m e d t h a t s o m o of 

B o y d c n ' s I n t e r t u r b i n e s s h o w e d a n e f f i c i e n c y , o n t e s t , o f 88 to 92 p e r c e n t . 

I n 1859 a n d 1860 c o m p e t i t i v e t e s t s of 19 w h e e l s a t F a i r m o u n t P a r k w a t e r w o r k s s h o w e d 
e f f i c i e n c i e s a s f o l l o w s : 

Results of tests of turbines at Fairmount Park, Philadelphia, Pa., in 1859-60. 

Eff ic iency. 

50 per cent or less 
60 t o 5 5 p e r c e n t . . 
55 to 60 per c e n t . . 
60 to 6.6 per c e n t . . 
65 to 70 per c e n t . . 

N u m b e r of 
turb ines . Ef f ic iency. 

79 to 75 p e r c e n t 
75 to 80 per cent 
80 to 85 per cent 
O v e r 85 per cent 

Number of 
turbines. 

I n 1876 C e n t e n n i a l t e s t s s h o w e d m a x i m u m e f f i c i e n c i e s a s f o l l o w s f o r 17 w h e e l s : 

Results of tests of turbines at Centennial Exposition, at Philadelphia, in 1876. 

Eff ic iency. 

60 to 65 per c e n t . 
65 to 70 per c e n t . 
70 to 75 per c e n t . 

N u m b e r ot 
tu rb ines . Ef f ic iency. 

75 to 80 per c e n t . 
80 to 85 per c e n t . 
O v e r 85 per c e n t . 

Number ol 
turbines. 

T h o l a r g o m a j o r i t y of t u r b i n e s s o l d a t t h e p r e s e n t t i m e a r e m a d o a t t h e s h o p s of five or 

s i x b u i l d e r s w h o s e w h e e l s h a v e b e e n f r e q u e n t l y t e s t e d . T h e a v e r a g e f u l l - g s t c e f f ic iency 

s h o w n i n r e c e n t H o l y o k e t e s t s of s t a n d a r d p a t t e r n s is c l o s e to 80 p e r c e n t . 

S o m e e a r l y w h e e l s s h o w e d v e r y h i g h e f f i c i e n c i e s , b u t p r i o r l o t h o b u i l d i n g of the H o l y o k o 

ffumo t h e l a r g o m a j o r i t y w e r e of l o w e f f i c i e n c i e s . 

• E v a n s , O l iver , M i l lwr igh t 's Guide , Ph i lade lph ia . 1853,pp. 131-154. 
5 J f i t tmal F r a n k l i n I n s t i t u t e . October to December, 1813. * 
« F r a n c i s , J . D., L o w e l l H y d r a u l i c E x p e r i m e n t s . 



Dur ing tlio past th i r t y y e a i s the general s t anda rd of eff iciency of turb ines has been 
s tead i ly ra ised , a l though the m a x i m u m a t ta ined m a y not exceed tha t of some ear l y fo rms . 
T h o un i fo rm i t y of cac l i make r ' s wheels, as wel l as their s t rength and du rab i l i t y , l ias increased. 
T h i s increase in un i fo rm i t y end du rab i l i t y l i as been accompan ied b y a m a r k e d deve lopmen t 
in capac i t y and by tho product ion of good par t -gate eff iciencies. 

F r o m 15 to 25 per cent of tho gross power of tho wa te r is was ted b y tho hotter c lass of 
turb ines. T h i s was te is due to the fo l lowing causes : 

1. S h a f t f r ic t ion. 
2. S k i n f r ic t ion on tho guido and bucke t sur faces. 
3 . L e a k a g e through c learance spaces, etc . 
4 . T e r m i n a l ve loc i ty of tho wa te r on leav ing the whee l . 
5. P roduc t ion of sw i r l s , or vor t ices , in tho wator w i th in tho tu rb ine , some of the enorgy 

of the wa te r being thus conver ted in to in te rna l mo t ion , w h i c h is inef fectual i n p roduc ing 
power. H o w th is occurs is i l lus t ra ted in figure 12 (a f te r V i g r e u x ) . 

F io . 12.—Diagram (bowing Interference and formation ot oddlea In a turbine. (After Vigreux.) 

U n w i n classif ies the lost enorgy of turb ines as f o l l o w s : " 

Classification of lost encryy of turbines. 

Character ot loao. 

Shalt friction and leakage 
Unutilised energy i " 
Friction 8nd ehock In guide end wheel paasoges ( I . c., akin friction anil Internnl motion).... 

To ta l 

Per cent. 

10-15 
0-7 

10-15 

20-37 

T h e r e appears to bo l i t t lo probab i l i t y of fu r ther m a r k e d incre.aso in turb ine eff ic iency. 
Compared w i th s team engines or other forms of p r ime movers , wa te r wheels y ie ld a larger 
percentage of tlio gross power ava i lab le than a n y other typo of macl i ino or power-y ie ld ing 
med ium. T h e accompany ing d iagram (f ig. 13) shows the eff iciency of va r ious pr ime move rs . 

T U R B I N E T E S T I N G . 

OKMKKAI. I tEVIEW. 

T l i o test ing of wa te r wheels m a y be considered to h a v e begun w i t h tho work of J a m e s 
Smea ton , whoso resul ts of tests of undershot and overshot water wheels wero c o m m u n i ­
cated lo the R o y a l Soc ie ty of L o n d o n in M a y , 1759. 

T h o nex t in ipor tnnt results are those of Gcnora l Mor in , in 1837, f rom enrly turb ines of 
tho Fou rney ron type. Gene ra l Mor in 's exper iments represent a v e r y h igh grade of sc i cn -

• Unwin. W. C., On the Dovolopmcnt and Tranamlaalon ol Power, p. KM. 
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t i f ic research mid have formed the pat te rn for la ter work . These results havo been t rans­
la ted into E n g l i s h by E l wood Mor r is , and aro wor thy of examinat ion by s tudents of hyd ro ­
mechan ics . « 

T e s t s of Amer i can F o u r n e y r o n turb ines were made by Rlwood Morris in 1843. F r o m 
1844 to 1851 impor tan t tests of Fou rney ron and F r a n c i s turbines wero made by U r i a h A . 
B o y d e n nnd .James B . F r a n c i s . T h e s e tests included Boyden-Fourney ron turbines ron -

EFFICIENCY PER CENT 

10 zo 30 40 BO ao 70 eo 90 100 
Primitive vertical flutter wheel 

Rouet volante 

firstdass wooden overshot wheel 

Poncelat undershot wheel 

Breast wheel 

Wooden undershot wheel 
Scroll central discharge and 
tub turbines 

Jonvat type turbine, ordinary 
stock sizes 
High-class fourneyron turbine 

Carty American type turbine, 
stock patterns 
Setter class American type turbine 

Pelton type impulse wheel 

WATER WHEELS 

I 1 Tn I EFFICIENCY PER CENT 
20 30 40 3Q 60 7Q B 0 9 < ? l 0 Q • 

Simple high speed noncondensing 
engine 
Simple low-speed noncondensing 

Compound highspeed nonoondensingi 

Triple expansion high speed 
noncondensing _~ 
Simple highspeed condensing 

Simple lowspeed condensing 

Compound high-speed condensing 

Compound lows peed condensing 

Triple expansion high-speed 
condensing 
Triple expansion lowspeed 
condensing 
Probable maximum steam engines, 
3.3 lbs, evaporation 
Gas engine (illuminating gas) 

ENGINES 

l T o . 13 .—Diagram showing efficiency o! v a r i o u s p r i m s movers . 

s t ruc ted for the App lc ton Mi l ls in 1846, under an agreement in wh ich Mr. Boyden was to 
receive n bonus of $400 for every 1 per cent of power in excess of 78 per cent ef f ic iency. 
T h : i computa t ions of these tests wore mndu by .James B . F r a n c i s , who found a mean m a x i ­
m u m eff iciency of 88 per cent . Mr . B o y d e n was accordingly awarded $4,000 p remium. 

I n 1859 and I860 a aeries of compet i t i ve tests was carr ied out by tho c i ty of F h i l a d e l -

• J o u r n a l F r a n k l i n I n s t i t u t e , October to December, 1843. 
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Amerique; elles developpent une puissance d'environ 500.000 che-
ux-vapeur. . • 

Turbine Swain. 

L a turbine Swain est une des premieres turbines mixtes construites 
n Amerique. 
Les figures 81 et 82 en donnent la coupe en elevation et la vue schema-

ique en plan. 

Fig. 81 

Les aubes de la couronne directrice sont recti l ignes; elle en com-
porte 24 dont 21 F sont en bronze de 6 millimetres d'epaisseur et rap-
portees, les trois autres etant venues de fonte avec les plateaux supe-
rieur et inferieur et "affectant la forme F ' representee s u r ' l a vue en 
plan. L'angle de sortie des directrices e s t : 

«=14° 
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L a couronne mobile J comporte des aubes en bronze, a double 
bure, au nombre de 25; leur hauteur est de 0m,595. 

Le vannage Voffre ceci de particulier qu'il est constitue par la;-, 
ronne directrice elle-meme et le cylindre G qui la prolonge, q i 

.releve a Taide des barres de 
tion T ; un espace D est menagA 
l'enveloppe oil se loge la courqr 
quand elle est relevee. 

L'arbre E de la turbine repose' 
un pivot en bois P, loge assez 
l'interieur de la couronne mobile. V 
ces en est done difficile et comnor 
n'est qu'imparfaitement baignev 
l'eau d'e vacua tion, on est oblige,'; 
eyiter l'echauffement, de l'arrosefr 
moyen d'une prise d'eau speciale 
reglage en hauteur du pivot s'effec 
par les vis v que Ton ne peut 
dre qu'fin enlevant la calotte C( 

quelle est en deux parties. L a crapaudine est portee par un croisillo 
trois branches N,en fonte, venu de fonderie avec la partie inferieure} 
recepteur. 

D'apres M. Emerson, d'essais executes sur une turbine de 0m,52j-
resulterait que les rendements atteints ont ete les suivants : 

H A D T E U R N O M B R E P U I S S A N C E 
' • I de de en R E N D E M E N T S - . ^ 

c tute tours par 1* chevaux-vapeur 

5,48 
5,50 
5,60 

281 
282,5 
280,5 
241,5 

25,55 
23,54 
19,55 
12,08 

0,807 M 
0,790 "M 
0,761 m 
0,617 : . i 

Ces cbiffres correspondent a des rendements francais (voir page 8 
d'envirmi 0,72 a 0,54; ils sont un peu.meilleurs que ceux de la turbid 
precedente, mais nous reprochons au moteur qui nous occupe, d'e . 
pourvu d'un pivot mal etudie dont Tusure doit certainement etre rapi 
et dont le remplacement ou le reglage sont tres difficiles a executeri 
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Introduction. 

parts of the country. T h e y are known in some places as the 
H o w d wheel, in others as the United States wheel. T h e y have 
uniformly been constructed in a very simple and cheap manner 
in order to meet the demands of the numerous classes of millers 
and manufacturers who must have cheap wheels if they have 
any. " 

F i g . 13 shows a plan and vertical section of the H o w d wheels 
as constructed by the owners of the patent rights for a portion 
of the New England states. I n this cut g indicates the wooden 

s 

F i g . 14.—Original F r a n c i s Turbine. 

guides by which the water is directed on to the buckets; W in­
dicates the wheel which is composed of buckets of cast iron 
fastened to the upper and lower crowns of the wheel by bolts. 
The-upright crown is connected with the vertical shaft S by arms. 
T h e regulating gate is placed outside of the guides and is made 
of wood. T h e upright shaft S runs on a step at the bottom (not 
shown in the cut) . T h e projections on one side of the buckets, 
i t was claimed, increased the efficiency of the wheel by diminish­
ing the waste of the water. 

T h e wheel designed by Franc is was oh more scientific l ines, of 
better mechanical construction (see F i g . 14) and is regarded by 



Modern Changes in Turbine Practice. 13 

many as the origin of the American turbine. T h e credit of this 
design is freely awarded to Francis by German engineers, this 
type of wheel being known in Germany as the Francis Turbine. 
The Franc is wheel was followed by other inward flow wheels of 
a more or less similar type. The Swain wheel was designed by 
A . M. Swain in 1855. T h e American turbine of Stout, Mil ls and 
Temple (1859), tt>e Leffel wheel, designed by James Leffel in 
i860, and the Hercules wheel, designed by John B . McCormick 
in 1876, are among the best known and earliest of the wheels of 
this class. . 

9. Modern Changes in Turbine Pract ice.—A radical change has 
taken place in later years in the design of turbines by the adop­
tion of deeper, wider and fewer buckets which has resulted in a 
great increase of power as shown by the following table from a 
paper by Samuel Webber (Transact ions of A m . Soc. M. E . 
V o l X V I I ) : • 

T A B L E I .—Showing Size, Capacity and Power of,Various Turbines Under 
a 26-foot Head. 

Inches 
Diameter. 

Cubic Feet 
Water per 

Second. 
Horse 
Power. 

Boyden-Fourneyron 36 22.95 55 
36 35.45 89 

Risdon " L . C . " 36 48.27 121 
Risdon " L . D . " 36 . 80. 199 
Leffel, Standard 36 40.45 96 
Leffel, Special 35 60. 14S . 
Ty le r -. 36 40.7 95.8 

36 58.2 140 
Hunt , "Swain bucket" 36 48.8 121 
Hunt , New Stvie 36 98. 239.74 
Leffel, "Samson" 35 109.1 264 

36 107.6 253.5 
25 108.8 266 

New Swain 36 89.5 215 

B y 1870 the turbine had largely superseded the water wheel 
for manufacturing purposes at the principal water power plants 
in this country. T h e old time water wheel has since become of 
comparatively small importance, but it is sti l l used in many iso­
lated places where it is constructed by local talent, and adapted 
to local conditions and necessities. 



The Chute Case . 

strength to sustain the weight of the turbine wheel and so that the 
step bearings are accessible and can be readily replaced or adjusted. 
T h e arrangement of the case must also be such that the openings 
between the wheel and the case are as small as practicable and the 

line of possible leakage 
wil l be as indirect as pos­
sible so as to avoid leak­
age loss. 

Most chute cases are 
either cast or w r o u g h t 
iron. Cast iron usually 
lends itself to a more sat­
isfactory design for receiv­
ing and passing the water 
without sudden enlarge­
ment and opportunities 
for losses by sharp angles 
and irregular passageways. 
Wrought iron, while not 

Fig. 185.—Section Swain Turbine. always lending itself read­
i ly to designs which elim­

inate al l such losses, possesses much greater strength for a given 
weight which is a great advantage under some conditions. 

146. Turb ine Gates.—Three forms of gates are in common use 
for controll ing the admission of water into reaction turbines. T h e 
cylinder gate consists of a cylinder closely fitting the guide that 
by its position admits or restricts the flow of water into the buck­
ets. F i g . 184 is a section of a turbine of the McCormick type, 
manufactured by the Wel lman-Seaver-Morgan Company, having 
a gate of this type, G G , between the guides and runners, which is 
shown closed in the cut. T h e gate is operated by the gearing, Gr., 
which raises it into the dome, O, through connection with the gov­
ernor shaft, P . T h i s same type of gate is used over the discharge 
of the Niagara-Fourneyron turbine (see G G , F i g . 134), over the 
inlet of the Geyl in-Jonval turbine, G G , F igs . 135 and 137, and be­
tween the guides and buckets of the Niagara turbine, shown in 
F i g . 101. 

A modified form of the cylinder gate is that used by the Swain 
Turb ine Company (see F i g . 185), which is lowered instead of being 
raised into the dome as in F i g . 184. 
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Fia. 75. Relation between effective pull, belt velocity and 
horse power. 

The relation between the effective pull, velocity and horse power is 
readily shown by Fig. 75. For example, a belt traveling 3000 feet per 
minute and transmitting 4 horse power must have an effective pull of 
44 lbs. * 
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Use all left-hand sea/es 
or all right-hand scales. 

Fia. 70. Relation between pulley diameters and revolutions per minute. 
The chart of Fig. 76 gives an extended relation between pulley diame­

ters and speeds. The left-hand scales give the relationship for low 
speeds. Thus, with the index line shown full, the inter section on the 
pivot line indicates that a driving pulley (d) 6 ins. in diameter running 
75 r.p.m. in) will drive a pulley (D) 15 ins. in diameter at a speed of 
30 r.p.m. (AO. In this case all the numerical values are those given 
on the left-hand side of the scales. The figures at the right side of the 
scales are for use with higher speeds. The index line shown dotted 
connects values reading in terms of the numbers at the right hand of 
the scales. The dotted setting shows that for D = 50 ins., d = 10 ins., 
and N = 70 r.p.m., the value of n is 350 r.p.m. 

J 
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Three Double=Set Mill 

CAPACITY, ONE TO T W O B A R R E L S OF F L O U R P E R HOUR 

Cut shows a one-storey building with high attic and basement. 

This is a very desirable and suitable building for this class of mill. 

It is easily erected and at moderate cost. 

D E S I G N NO. 1. 

It'enables the machinery to be arranged in a very nice, compact and convenient 

manner, the drives to all machines are simple and straight; every part of the mill is easy 

of access. Plenty of light and air. The machinery is free from complications and runs 

light and easy. 

A usual outfit for such a Flour Mill consists of:— 

1 Wheat Cleaner 1 Purifier and Dust Collector 
3 Double Setts of Rolls 1 Bolting Reel 
1 Plansifter 3 B a g Fillers 

F O R GRINDING PROVENDER. 

1 18-inch diameter Robinson Grinder. 
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the wheat is dumped into a chute to a hopper suspended from a beam scale, weighed 
and let into another hopper or bin from whence it is conveyed by an elevator to bins 
on the upper floors. 

From the boat the wheat is taken by means of an elevator let down into the hold. 
This elevator (now called the marine elevator leg) was so arranged that it could be 
drawn up or let down from the top, and swung outward at the same time. The elevator 
discharged into the conveyor on the third floor. 

The Hopper-Boy or Cooler—This device was usually enclosed in a circular or oc­
tagonal room, in order to prevent dust from spreading over the mill and thus causing a 

Fig. 13—An Old Buhr Stone Mill 

loss. In the plan of the Oliver Evans mill the hopper-boy is open and shown at 25, 
where the spout is led from the elevator that discharges the chop from the stones at 
the end of the rake. 

The chop from the stone would be allowed to accumulate in the cooler for three or 
more hours. Then the miller would stop grinding by cutting off the feed and raising the 
stones higher or disconnecting them when occasion required. After this the bolts were 
started, if out of gear, or the shoe let in contact with the knocker, and bolting com­
menced and continued until the hopper-boy was about empty. 

As the chop would accumulate in the cooler, the rake or gatherer would be raised on 
top of the chop, the weights attached to it and passing over pulleys on an arm or beam 
above, counter balancing the weight of the rake. The teeth or flights of the rake were 
disposed tangentially and were set a certain distance apart from the outer end of the 


