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Abstract: Near the 11-12 locks of the Canal de Castilla, there once stood a paper mill
built in the 18th century and dismantled in 1983. Despite the scarce physical remains,
the absence of original plans, and the limited availability of data, this research aims to
reconstruct its initial layout, characteristics, and operation. To achieve this, an analytical—-
synthetic method has been followed: in the analysis phase, multiple sources and materials
are thoroughly examined from various perspectives, while in the synthesis phase, drawing
is employed as a means of reflection, since any hypothesis about this factory must be
validated through sufficiently precise graphical representations. The most relevant result
is the complete drafting of the factory’s plans, including its machinery, as well as the
clarification of its production system. The main conclusion suggests that, although based
on the mechanisms and equipment of traditional paper mills, this manufacturing facility
sought to be innovative and exemplary in its time. Its dispersed typology was designed
to improve and dignify working conditions for employees, while its internal organization
optimized the paper production process and increased manufacturing capacity.

Keywords: paper mill; Canal de Castilla; history of technology; graphical reconstruction;
industrial heritage

1. Introduction

The location of industrial establishments is closely linked to communication infrastruc-
tures, among which canals played a fundamental role during the pre-industrial period [1].
Many manufacturing activities used these waterways as networks for transporting raw
materials and finished products, but they also effectively harnessed hydraulic power to
operate their machinery [2].

In Spain, the ambitious canal network planned in the 18th century aimed to improve
communications and stimulate economic recovery, drawing inspiration from French and
English canals [3]. The Canal de Castilla, designed in 1753, was conceived primarily as an in-
land navigation infrastructure and secondarily for irrigation purposes [4]. Surprisingly, the
use of hydraulic power for industrial purposes was not considered in the initial plans [5,6].
It was not until 1759—after construction had already begun on the Northern Canal—that
this possibility was first explored, with the idea of building “mills and other machines” [7].
Once the first 14 locks had been built, and following a proposal by Francisco Sabatini in 1775,
the military engineer and director of the works, Juan de Homar, designed the necessary
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modifications for industrial use [8,9]. The lack of financial resources delayed the proposal
until after 1785, and Jovellanos confirmed the presence of the first industries—including
“the famous paper mill” at Locks 11-12 joined together—in September 1791 [10] (p. 41).
Over time, the hydraulic exploitation of the locks experienced remarkable growth, with
a large number and variety of establishments recorded by 1855 [11]. Starting in 1860, the
opening of a railway line parallel to the Canal drastically reduced navigation traffic [12-14].
However, neither this new mode of transport nor technological advances marked the end of
the industrial uses associated with the Canal, which successfully adapted to new purposes
and production systems. Many of these facilities were transformed into modern flour mills
with new plants that incorporated the so-called “English system,” becoming one of the
most profitable businesses for the Canal de Castilla Company [15-17]. Other installations,
such as the paper mill at Locks 11-12, ended their operational life as hydroelectric power
stations, in some cases altering the structure of the original waterworks section. Today,
very few of the Canal de Castilla’s artefacts survive in their original use, and their state
of preservation varies widely. Many show clear signs of abandonment and are at risk of
disappearing [18].

Since the 20th century, various committees and organizations have recognized both
canals and their associated facilities as part of industrial heritage, attributing to them
undeniable historical, social, cultural, and technological value. However, there is some
controversy regarding the scope and inclusion of certain elements within the concept of
industrial heritage [19].

The Nizhny Tagil Charter of 2003 clearly emphasizes that all structures intended
for industrial activities—and even the social activities related to them (including any
other tangible or intangible manifestations)—should be subject to study. It is essential to
investigate their history, purpose, and significance, and to disseminate this knowledge
to the public [20]. Likewise, according to the principles established in Dublin in 2011,
industrial heritage encompasses all elements that reflect past industrial processes, such as
sites, areas, and even documents [21].

The protection instruments implemented in various countries have significantly
boosted interest in the study of industrial heritage [22]. In Spain, the Canal de Castilla
was declared a Site of Cultural Interest (Bien de Interés Cultural) with the designation
of Historic Ensemble (Conjunto Histérico) in 1991 [23]. In 2011, it was included in the
catalogue of the 100 Elements of Industrial Heritage in Spain, compiled by the Spanish
section of TICCIH [24]. Moreover, both the Canal and its associated industry are listed in
the National Plan for Industrial Heritage as one of the 49 industrial assets that must receive
the highest level of protection granted by legislation on Historical Heritage. The updated
version of this Plan emphasizes that “the testimonies of industrialization constitute an
essential legacy for understanding Spanish history over the past two centuries” and that
“the conservation and study of these testimonies are fundamental for understanding and
documenting a key period in the history of humanity” [25] (p. 2).

However, the most recent studies highlight the lack of systematic research on indus-
trial buildings associated with canals [26]. The Canal de Castilla is no exception. The
analysis of the numerous material testimonies of its industry has been largely overlooked,
while attention has shifted to other aspects. Research has mostly focused on its history,
geography, landscape, economy, archaeology, flora and fauna, as well as its tourism poten-
tial for revitalizing disadvantaged and depopulated areas of the Spanish interior [27-38].
However, very few studies address, from a technical perspective focused on engineering
and architecture, the industrial constructions that form part of the Canal [39-41].

Today, the Canal de Castilla preserves an extensive list of elements that require detailed
study. Among them, the paper mill located at Locks 11-12, built in 1791 [42], stands out.
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Unfortunately, this emblematic industrial facility was demolished in 1983—by which time
its original machinery had long since disappeared—leaving only traces of its foundations
and a few auxiliary structures. In this way, one of the most unique establishments along
the Canal was irreversibly lost, whose hydraulic works and buildings were, ironically,
recognized and protected by legislation only a few years after their destruction [23].

The importance of this pilot factory [43] (p. 48), which began operating in 1793 [44],
lies in the fact that, along with a few simple fulling mills and flour mills located at the first
isolated locks built on the Northern branch, it was one of the earliest establishments along
the Canal. However, unlike those, its design was far more ambitious, as it could benefit
from a double hydraulic drop (6.65 m), generated by the first group of joined locks built on
the Canal [45] (p. 786). At this site, a true industrial complex was planned, consisting of an
industrial area for papermaking and a residential area with housing for workers, a chapel,
and a draft animal stable, the ruins of which still survive [46] (p. 96). The significance of
this manufactory, which was granted the title of Royal Factory (Real Fabrica) [47] (p. 308),
is evidenced by the elevation drawn by Homar himself in his 1808 profiles [48] and by the
royal coat of arms that once adorned its facade (Figure 1).
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Figure 1. Paper mill: (a) According to Juan de Homar (1806); (b) Royal coat of arms from the fagade,

preserved in the cultural centre of Osorno (Palencia).

The aim of this research is the study and graphic reconstruction of the original indus-
trial area, with special attention to the so-calledartefact, or paper mill, at Locks 11-12. As
stated in the Nizhny Tagil Charter, “the conservation of industrial sites requires a thorough
understanding of the purpose or purposes for which they were built, and of the various
industrial processes that may have taken place there. These may have changed over time,
but all former uses must be investigated and assessed”. Within this framework, the research
seeks to characterize this industrial complex and contribute significantly to its analysis,
interpretation, dissemination, and management.

Most studies in the field of industrial archaeology examine historical technical heritage
based on the presence of well-preserved physical remains or detailed plans of facilities,
machines, or mechanisms from various productive sectors. These works typically focus
first on real or virtual three-dimensional modelling [49-52] and subsequently address the
analysis of mechanical behaviour [53-55] or the evaluation of technical feasibility [56]. Other
authors have used two-dimensional source materials, such as fragmented architectural
drawings, which are then developed into three-dimensional assets to better understand
lost architecture [57-63].

In our case, we are confronted with an industrial heritage that is largely inaccessible
due to its destruction, with scarce material evidence, limited archival records, and the
absence of known prior studies. The information provided by documentary sources—such
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as historical photographs, drawings, and written descriptions—is both insufficient and
fragmented, while the few architectural plans that have survived are not always reliable or
mutually consistent.

Nevertheless, the preliminary analysis of certain written documents—particularly
some official correspondences from the eighteenth century—reveals the existence of a
manufacturing facility that inherited a long-standing artisanal tradition in the papermaking
process. Within this context, the initial hypothesis of this research posits that it is possible to
fully reconstruct this artefact (both the building and its machinery) through the analysis and
synthesis of all available sources. These include the descriptions and illustrations found
in works that disseminated such knowledge during the eighteenth century, such as those
by La Lande, Hemart, and Diderot, among others, as well as the study of contemporary
paper mills.

Accordingly, the specific objectives of this research are as follows:

1.  Tounderstand the comprehensive functioning of the paper mill: This entails analysing
its buildings, construction materials, machinery, and operational processes, as well
as producing the necessary architectural drawings (plans, elevations, and sections).
Such a study will enable a full understanding of the papermaking process, facilitate
comparisons with other paper mills, and provide contextualization for the industrial
elements that are still preserved within this manufacturing complex.

2. To analyse the distinguishing features of this paper mill: Unlike traditional paper
mills, which replicated medieval patterns and were typically located alongside river
dams, this facility was established next to an artificial watercourse, where hydraulic
drops were generated using navigation locks.

3. Assessing the contributions of military engineers: These contributions are part of
the broader movement of transformation and modernization of industrial activities
that, during the eighteenth century, led to the establishment of various manufactories
under royal patronage [64,65].

The novelty of this study lies in the fact that, until now, no in-depth documentary
analysis of the paper mill had been conducted, nor had a graphic reconstruction of this
now-lost mill been presented. The reconstruction proposed here is grounded in the de-
tailed studies outlined in the materials and methods section and puts forward a robust
hypothesis—sufficiently detailed to offer a comprehensive understanding of the mill’s
operation.

Moreover, the impact of this study will depend on the future uses of this graphic
reconstruction, among which the following may be highlighted:

e  The creation of a realistic three-dimensional (3D) model of the factory and its virtual re-
construction using CAD techniques, in line with the objectives outlined in the “Seville
Principles” [66] on virtual archaeology, which reference the London Charter [67]
concerning computer-based visualization of cultural heritage.

e  The development of virtual reality applications that promote user interaction with
the model, thereby facilitating a better understanding of its operation and allowing
each element or system to be identified by name and by the materials from which
it was made.

e  The creation of an immersive augmented reality experience that enables access to the
virtual model of the paper mill located at Locks 11-12.

The ultimate aim of this project is the interpretation of the existing remains for educational
and recreational purposes (cultural tourism). Furthermore, the implementation of these
technologies would contribute to the preservation of the Canal de Castilla, as the knowledge
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and transmission of the memory of labour associated with any industrial site fosters
appreciation and emotional connection—key drivers of its conservation.

2. Materials and Methods

This research constitutes an essential step prior to undertaking the interdisciplinary
work that characterizes Industrial Archaeology, the methodological foundation of industrial
heritage studies. Therefore, before initiating excavations, surveys, or other complementary
methods, the analysis focused on a wide range of study materials capable of enhancing
the value of the remains of a paper mill—a true historical testimony to a unique produc-
tion process.

To carry out this study, it was not sufficient to analyse only the physical remains still
present at the site. It was necessary to acquire a deep understanding of the history of paper,
intrinsically linked to the evolution of culture and science over the centuries. In addition,
it was essential to examine the technological processes and their development, which
ultimately led to the mechanization of production. Typological and comparative studies
across a broad geographical range were also fundamental. Finally, it became imperative
to identify and systematically evaluate the most relevant sources in a well-documented
manner [25].

2.1. Materials

The materials and data used in this research have been organized into five categories.

2.1.1. Current Condition and Recent Visual Documentation

Both the physical remains and the most recent graphic documentation concerning
the paper mill—located near Olmos de Pisuerga (Palencia), adjacent to the joined locks
11-12—have been examined. The existing vestiges (foundations and hydraulic tunnel)
are partially buried under vegetation, which makes direct measurement impossible. As
a testimony and trace of this industrial site, the name of the nearby land parcel, El Papel,
endures, where remnants of the residential area are still preserved (Figure 2).

Figure 2. Paper mill: (a) Location; (b) Current condition.

Historical orthophotographs (https://cartografia.jcyl.es/web/es/datos-servicios/
ortofoto-castilla-leon.html) are available, which allow for an approximate interpretation of
the factory’s general layout prior to its demolition (Figure 3).

In addition, photographs have been identified [68,69], taken both before (1920-30) and
after (1984) the mill’s disappearance, which reveal partial details of the exterior and the
configuration of the inlet and outlet channels in the main building (Figure 4).

The facility obtained hydraulic power through a diversion channel that drew water
from the left bank of the Canal. Both the survey conducted in 1980-81 [70] (p. 224) and the
2001 Regional Plan for the Canal de Castilla [71] offer an approximation of the factory’s
hypothetical layout (Figure 5).
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Figure 4. Paper mill: (a) South facade; (b) East facade; (c) Sizing room; (d) West facade; (e) Inlet
channels; (f) Outlet channels.

(@) | (b)

Figure 5. Hypothetical site plan of the paper mill: (a) Plan based on 1980-1981 fieldwork; (b) Regional
Plan of the Canal de Castilla (2001).

2.1.2. History of the Papermaking Process

The historical context has been investigated to understand the technical achievements
attained since the invention of paper, as well as to assess the context in which this factory
was built. The development of the papermaking process is extensively documented in
various publications [72-77].

The manufacturing method, originally from China, involved beating a mixture of
plants with water to separate the fibres, filtering the pulp through a screen, and pressing it
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to bond the fibres into a cohesive sheet. This process became known to the Arabs in the 8th
century, who spread it across North Africa and introduced it to Spain in the 10th century,
from where it expanded to the rest of Europe. From the 11th century onward, paper was
produced by grinding rags and fabrics made of esparto and hemp—raw materials used
until the 19th century. The Arabs are also credited with easing the laborious process of fibre
grinding by adapting, between the 10th and 12th centuries, waterwheel-powered flour
mills, followed later by fulling mills with camshaft systems, to produce paper pulp [78]
(pp. 301-303).

Historical analysis shows that the papermaking process using hydraulic machinery
remained essentially unchanged from the 12th to the 18th century—and in some mills, even
into the 19th century—without significant improvements to what was fundamentally an
artisanal method. It has also been confirmed that the Hollander beater, a device without
stampers that facilitated fibre grinding, arrived in Spain in the 18th century. However,
royal manufactories continued to use traditional technology, and this innovation was only
adopted by some private industries starting in 1764 [79] (p. 23). Other innovations—such
as the continuous paper vat (1799) and the Fourdrinier machine (1804), which optimized
and accelerated sheet formation—emerged after the construction of the factory at Locks
11-12. Finally, the development in 1850 of the method for producing paper from wood pulp,
which definitively replaced rags as raw material, occurred after the Olmos factory ceased
operations in 1847. In the following years, these advances led to a significant increase in
the speed of paper production, while the automation of all tasks became a reality in most
paper mills.

2.1.3. Mechanics and Technology of Papermaking Mills

The equipment and operation of paper mills have been investigated, and the evolution
of the associated machinery up to the 18th—19th centuries has been examined, using the
most important graphic sources as references [80-83] (Figure 6).

Fas twoBlausgefonnene FWappiermadfen.

Figure 6. Paper manufacturing according to: (a) Amman, 1568; (b) Zonca, 1607; (c) Bockler, 1662;
(d) Porcelius, 1689.

The technology used for papermaking during the eighteenth century has been anal-
ysed through a comparison of the descriptions and illustrations provided by three key
authors. La Lande, whose translation by Sudrez and Nufiez in 1778—along with its plates—
served for years as a manual for Spanish papermakers [84]. Diderot, in turn, revisited
and improved upon La Lande’s engravings [85]. Finally, Hemart documented various
industrial processes, contributing illustrations on papermaking in his 1822 work Galerie in-
dustrielle [86]. One must also mention the German architect Christoph Sturm, who recorded
ingenious technical solutions applied in paper mills [87].

The basic manufacturing system—rag grinding using stampers driven by waterwheels
through simple cam mechanisms, and manual sheet-by-sheet papermaking using a mould
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with a fine mesh—endured for centuries. Only minor improvements were implemented,
such as the specialization of stampers within the grinding system [88]. In Central European
mills, it was common to use more than three stampers per vat. Some authors have described
in detail both the specific shape of the vats and the inclination and pointed finishing of the
stampers, highlighting important technical features (Figure 7).

Figure 7. Paper mill of Montbéliard (France) according to Schickhardt (1610): (a) Plan view; (b) Stam-
pers and vats.

The most relevant documents detailing the papermaking process in eighteenth-century
Spain have also been reviewed. Among them, the 1754 treatise on the paper mill of
the General Hospital of Pamplona [89] and the Libro de varios planos y mdquinas, dated
approximately 1760 [90], stand out.

Thanks to various bibliographic sources, the operation and sequence of processes in
an eighteenth-century paper mill are clearly defined (Figure 8).

Il

I /ﬁlféf&k’

RETTING AND }'ERME NTING PIT STAMPERS ACCOUNTANT'S OFFICE

Figure 8. Departments and sequence of operations for paper manufacturing.

The typical departments in a paper mill are as follows: 1. Rag-sorting area (often
equipped with a manual rag-breaking wheel or “devil” for cleaning). 2. Retting room
(located in the basement and equipped with a scythe or cutter). 3. Stamping mill (with
pits for the refined pulp). 4. Vat workshop (with the vat, moulds, and press). 5. Drying
loft for unsized paper (always located on the upper floor). 6. Sizing room (with its boiler,
vat, soaking table, and press). 7. Drying loft for sized paper. 8. Manual burnishing
room (if mechanical burnishing was not used). 9. Burnishing room with hammer press.
10. Accountant’s office.

2.1.4. Examples of Paper Mills

Paper manufactories of varying scales, built in Spain during the eighteenth century,
have been analysed—based on the available graphic information—to identify the type,
arrangement, and operation of their machinery.



Heritage 2025, 8, 231

9 of 32

Smaller-scale facilities, such as the molinillo of Palomera [91] (pp. 213-221) or the
Rovira mill [92], made the most of the limited space on the lower floor to accommodate
all the machinery required for papermaking (retting chamber, reservoirs, vat, press, and
sizing stove). The upper floor, in turn, was used exclusively as a drying loft. Both facilities
were equipped with two waterwheels powering two independent stamp battery systems
for chopping, refining, and finishing the pulp, with three stampers per vat (Figure 9).

Figure 9. Paper mills: (a) “Molinillo” of Palomera (Cuenca); (b) Rovira mill in Sant Pere de Riude-
vitlles (Barcelona).

Larger-scale mills, such as those in the Anoia region (Barcelona), follow the easily
recognizable pattern of most Catalan paper mills from the mid-eighteenth century [93].
They replicate features of the region’s traditional masia farmhouses, with three longitudinal
bays parallel to the direction of the water flow. In some cases, a rear transverse structural bay
was added, as seen in the Moli Blanc. The upper floors—ranging from one to three stories
depending on the importance of the mill—were equipped with numerous windows. In
addition to the drying loft or mirador, the sizing area was often located there as well [94,95].
The intermediate level housed the accountant’s office and employee quarters. The basement
contained all the spaces dedicated to the transformation and production of paper. These
mills typically had two or three waterwheels, always located outside, used to power the
stamp batteries. Additionally, they featured an extra external waterwheel dedicated to
operating the burnishing hammer (Figure 10).

[ooooooooaol Jooal
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(a) (b)

Figure 10. Catalan paper mills: (a) “Moli de la Vila” (Capellades, 1748); (b) “Moli Blanc”
(Igualada, 1753).

Larger establishments, such as those of the General Hospital of Pamplona [96] or San
Fernando de Henares [97], were equipped with four waterwheels and four stamp batteries
with specialized functions, all located on the lower floor. The upper floor always housed
the drying loft and, in specific cases (such as San Fernando de Henares), also the burnishing
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room. This room was equipped with two ceiling-suspended burnishing hammers, which
were operated via lantern gears connected to one of the waterwheels (Figure 11).

Figure 11. Paper mills: (a) General Hospital of Pamplona (1755); (b,c) San Fernando de Henares (1786).

The analysis of these examples has confirmed that all Spanish paper mills of the
eighteenth century continued to use the same machinery employed in previous centuries.
Both the organization of labour and the machines followed the model known and described
by La Lande, consistently featuring sets of stampers with three mallets each (although
Diderot depicted four mallets per pit, Schickhardt four or five, and Sturm up to seven).
Similar to the paper mills described in earlier centuries (Zonca, Schickhardt, or Bockler),
clean water was channelled through a small canal to the pits, where it was purified and
filtered if necessary. This same water was also directed to the wheel pins of the waterwheels
to prevent overheating and ensure smooth rotation. Furthermore, it has been observed
that the Accountant’s Office and the Burnishing Room were, in many cases, located on the
upper floor. In general, in all the paper mills studied, the watercourse ran laterally, and the
waterwheels were always positioned outside the building.

2.1.5. Documentary Sources

The main records concerning the Canal are housed in the General Archive of the Con-
federacion Hidrogréfica del Duero (AGCHD), within the Canal de Castilla Collection (FCC).
This collection is further subdivided into two sections: the Historical Archive of the Canal
de Castilla (AHCC) and the Administrative Collection of the Canal de Castilla (FACC).

In the first section (AHCC), the information is highly dispersed and heterogeneous,
including lease agreements, official correspondence, inventories, reports, appraisals, valua-
tions, and architectural drawings. The most significant documents pertain to the various
departments, general dimensions, composition, equipment, and basic machinery of the mill,
as well as its construction features [98-103]. Some plans, despite discrepancies [104-106],
offer an approximation of the original building’s floor plan and elevation (Figure 12).

(@)

Figure 12. Plans and elevations: (a) According to Francisco Javier Saiz (1853); (b) Unknown
(s.£.-1863?); (c) According to Luis Alonso (1901).
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The 1853 plan shows great symmetry both in the elevation (particularly at the main
entrance) and in the basement floor, which is characterized by a single courtyard with
four entry channels and three exit channels (Figure 12a). The 1863 plan breaks the overall
symmetry of the ground floor by compartmentalizing the southwestern angle and sketching
a single staircase that leads to the upper floor, which, in turn, connects with a new block
added alongside the main fagade (Figure 12b). Surprisingly, the 1901 plan features a
completely off-centre diversion channel with three entry channels and two exit channels. In
addition, it integrates a second courtyard and an access point located on the upper storey
of the elevation, clearly displaced from the centre (Figure 12c).

In the second section (FACC), which includes the Projects for the Canal de Castilla
(PCC), the documents specifically related to the paper mill have been thoroughly anal-
ysed [107,108]. In 1921, these projects proposed the installation of twin turbines for a new
industrial use as a hydroelectric power station. Both the technical report and the plans
provide detailed information, including precise data, measurements, and elevations of the
building, reflecting its condition before and after the intervention (Figure 13).

Figure 13. Plans and sections of the paper mill (1921).

Sources published between the 18™ and 19th centuries [109-111], as well as the most
recent bibliography on the Canal de Castilla [112-115], have also been reviewed. These
consultations have confirmed the absence of specific studies or reconstructions related to
this paper mill.

2.2. Methods

The analytical-synthetic method was employed, with graphical representation serving
as a rigorous technical tool in the intellectual work. In the first phase, materials from the
five sections described above were selected, analysed, evaluated, and compared. In the
second phase, all the information was synthesized by interrelating and integrating the
data, thereby facilitating a graphical presentation of the results. The “exploratory drawing”
played a fundamental role in generating the plans of the paper mill, effectively recreating
and replacing the original drawings that had not survived [116].

The materials studied provided significant data that were cross-checked, filtered,
selected, clarified, combined, verified, and integrated into a graphic document that recon-
structs the paper mill. The five puzzle pieces analysed proved crucial in achieving this
result, represented at the centre of Figure 14.

HISTORICAL
ANALYSIS

CURRENT 2 . Z]
CONDITION
} GRAPHICAL 5

RECONSTRUCTION

y CASE
STUDY

§  Anaysis

DOCUMENTARY
SOURCES

Figure 14. Methodological scheme.
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The greatest challenge was to complete the insufficient direct data (1 and 5) with
indirect data (2, 3, and 4). The graphic representation integrated all verified data into a
precise and well-founded visual proposal, effectively bringing it to life. Drawing emerged
as the key tool for synthesizing the collected information and as the essential document for
the recovery, transmission, and potential intervention in industrial heritage.

Following Principle 2.1 of the London Charter [67], a two-dimensional digital represen-
tation model was considered the most effective and appropriate means to address, visualize,
and disseminate the objectives of this research. This approach enabled a highly detailed
description of the evidence found. The graphic reconstruction was carried out using Auto-
CAD 2024 in 2D, accurately depicting all documented elements (floor plans, dimensions,
elevations, number of channels, wheels and stamper sets, vats, and other essential compo-
nents). Additional elements required for papermaking were subsequently incorporated, as
described in eighteenth-century literature and confirmed in other manufacturing sites of
the period.

Complete plans were drawn up showing the location of the various rooms and original
machines of the mill, along with the necessary details for their accurate interpretation,
making it possible to fully understand its operation. The representation went beyond
a general floor plan layout with machinery and equipment; it also included elevations
and sections, ensuring a comprehensive understanding of the relationships among all
elements. This model provides a solid foundation for the implementation of advanced
computer-based visualization methods.

To produce these plans, the general dimensions of the various departments of the mill—
recorded in historical documents using different units of measurement (feet or meters)—
were cross-checked. These documents include descriptions, appraisals, valuations, and
inventories [100-103] from the years 1828, 1842, 1851, and 1906. Subsequently, this data was
compared with the 1853 plans [104] and supplemented with the measurements included
in the 1921 construction project [107,108]. The measurements in this project are presented
to two decimal places (including the water level elevations in the headrace and tailrace),
and their precision is considered exceptionally high. The project was carried out in the
twentieth century under the supervision of civil engineer Eduardo Fungairifio, technical
director of the Duero River Basin Authority, ensuring its rigor and accuracy.

3. Results

The process of synthesizing all the studied information has enabled the reconstruction
of the paper mill at Locks 11-12, along with its machinery, and has provided a comprehen-
sive understanding of its full operation. It has been determined that this facility consisted
of several buildings, each with specific functions (Figure 15).

Building A was dedicated to the transformation, production, handling, and distribu-
tion of paper, while the adjacent Building B was used for the sizing process. Warehouse
C served as both a carpentry workshop and an additional drying loft. Building D was
reserved for employee housing, and the hauling stable E was designed to accommodate the
draft mules. It has been confirmed that all these structures predate 1800 and were an integral
part of the facility from its inception. Additionally, there was a small storehouse for food
supplies and a chapel, although no remains of these buildings have survived [44,98,99].

Buildings A, B, and C encompassed all activities directly related to papermaking.
Within them, the precise location of all departments essential to the process has been
identified (Figure 16).
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Figure 15. The paper factory at Locks 11-12 of the Canal de Castilla (graphic reconstruction).
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Figure 16. Paper factory departments (graphic reconstruction).

In addition, both the complete equipment of the factory and the machinery required
for its operation have been thoroughly documented (Figure 17).

The main building (A) was situated over a bypass channel of the Canal de Castilla and
was designed along a primary north—south axis of symmetry (the direction in which the
water flowed through the building). It had two floors (25.5 x 30 m) above a semi-basement,
organized around a small interior courtyard (8.5 x 5 m). Attached to the mill was the sizing
workshop (B), while the warehouse (C) was located separately from both [99].



Heritage 2025, 8, 231 14 of 32

| PAPER MILL - WEST WING (Semi-basement)
01 l;“ RETTING PIT AND STAMPERS
FOR MANUFACTURING BROWN PAPER
&5 —:[ 01 - STONE STAIRCASE
d loa| 02 - HOLE IN THE CEILING FOR DROPPING THE RAGS
03 - RETTING AND FERMENTING PIT
j 04 - SCYTHE OR CUTTER
lo2] 05 - SIX PITS FOR WASHING AND FRAYING RAGS
e — fe I~
TN 1 I —
]
] T I
: T 1 012345 10m
(. 3
I I ]
o5 o N W i W T
—
:[ 06 o7 Bl
&
a a
=1
— 06 o7
[ o1 #W H
d
) o ) jw) LI W/ ]
WAREHOUSE (Ground floor)
ﬂ@‘ 06 - CARPENTRY WORKSHOP
PAPER MILL - EAST WING (Semi-basement) 07 - WOOD WAREHOUSE
RETTING PIT AND STAMPERS
FOR MANUFACTURING WHITE PAPER
01 - STONE STAIRCASE
02 - HOLE IN THE CEILING FOR DROPPING THE RAGS
03 - RETTING AND FERMENTING PIT
04 - SCYTHE OR CUTTER

05 - SIX PITS FOR WASHING AND FRAYING RAGS

()

PAPER MILL - EAST WING (Ground floor)
L1 o I @ 01- SECONDARY ENTRANCE FOR RAGS
02 - ENTRANCE HALL AND SECONDARY DISTRIBUTOR
() 03 - DRY RAG WAREHOUSE
i 04 - RAG-SORTING ROOM
05 - BEDPLATE WITH BLADES
09 06 - RAG-SORTING BOX
B 07 - RAG-DUSTING MACHINE
E 08 - HOLE FOR RAGS TO FALL INTO THE RETTING PIT
@ 09 - WORKROOM WITH BROWN PAPER VAT AND TWO PRESSES
— 10 - SIX PITS SET FOR BROWN PAPER PULP REFINING
11- BROWN PAPER PULP RESTING TANKS
012345 10m
=
(=]
g a — = ) ) ) )
16 . -
] B
[==] = 30 %’ 31
o o
@%Z 15 | 15 ([ I M
U S O W ) ) -} I, -]
? WAREHOUSE (First floor)
r 19 GELATINE SIZING ROOM (Ground floor)
o® «:@1‘ 30 - NORTH DRYING-LOFT
& 19 - ENTRANCE 31- SOUTH DRYING-LOFT
2 20 - WOODSHED
23 22 21 20| 21 - COAL CELLAR PAPER MILL - WEST WING (Ground floor)
22 - CAULDRON WITH STOVE AND CHIMNEY
— 23-TUB FOR FILTERED GELATIN SIZING 12 - MAIN ENTRANCE
24 - BENCH FOR PAPER REAMS 13 - ENTRANCE HALL AND MAIN DISTRIBUTOR
|:[ 25 - VAT WITH ITS TRIVET 14 - ADMINISTRATOR'S OFFICE
26 - WOODEN PRESS FOR SIZED PAPER 15 - PAPER REAMS WAREHOUSE
27 - WOODEN PRESS WITH ITS VAT 16 - WORKROOM WITH WHITE PAPER VAT AND TWO PRESSES
28 - STAIRCASE TO THE DRYING LOFT 17 - SIX PITS SET FOR WHITE PAPER PULP REFINING
29 - PELTS AND ANIMAL FLESHINGS WAREHOUSE 18 - WHITE PAPER PULP RESTING TANKS

PAPER MILL (First floor)

«42.1 _
01 - SOUTH DRYING-LOFT OR SMALL DRYING-LOFT FOR “SPURS" k=

02 - NORTH DRYING-LOFT FOR SIZED PAPER

03 - EAST DRYING-LOFT FOR SHEETS OF PAPER

04 - WEST DRYING-LOFT FOR SHEETS OF PAPER

05 - BURNISHING ROOM WITH TABLES, WOODEN PRESS, AND SATIN-FINISH HAMMER

06 - ACCOUNTANT'S ROOM WITH TABLES AND WOODEN PRESS

07 - THREE-LEGGED BENCH FOR PAPERS REAMS

08 - BENCH FOR HANGING

09 - CART WITH WHEELS FOR HANGING

(c)

Figure 17. Paper factory (graphic reconstruction): (a) Basement; (b) Ground floor; (c) First floor.

Utilizing the natural slope of the terrain, two stamp battery sets were installed in the
north wing of the ground floor and two more in the south wing of the semi-basement.
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These pairs of batteries (each consisting of six stampers) were separated by channels with
their corresponding waterwheels [99,112].

The mill’s water system was found to have four inlet channels in the headrace: two
external ones, each 0.8 m wide, designated for the waterwheels, and two internal ones,
0.64 m wide, reserved for drainage. The latter two converged into a single drainage channel
behind the masonry block that provided access to the lower wheels [104,107,108]. As
a result, the south fagade of the mill displayed only three outlet arches in the tailrace
(Figure 18).
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Figure 18. Paper mill with the gelatine sizing room (graphic reconstruction): (a) North elevation;
(b) South elevation.

It has been confirmed that the total drop of the locks (6.65 m) was distributed across
two equal hydraulic falls (3.33 + 3.32 m), each designed to power a pair of independent
waterwheels [107]. Based on the dimensions of the channels and the elevation levels within
the building, it has been determined that the waterwheels were 0.6 m wide, with diameters
of 2.7 m for the upper wheels and 3 m for the lower ones.

The small interior courtyard, in addition to providing natural light to several rooms
within the mill, also served as a water reservoir prior to the second hydraulic drop

(Figure 19).
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Figure 19. Paper mill (graphic reconstruction): (a) Longitudinal section; (b) Cross section.

As for the east and west fagades, they exhibited apparent symmetry, with differences
in the spacing between openings on each side, as well as additional openings in the south
wing of the semi-basement [68,69]. The axis of symmetry for both facades was defined by
the two entrance doors to the mill, the main one being on the west side [104,107]. Above
this main entrance was the quartered coat of arms bearing the symbols of Castilla y Ledn, a
distinctive emblem of this Royal Paper Mill [104]. This was the natural access point from
the lock bridge, which connected both to the workers” housing and to the nearby village of
Olmos de Pisuerga (Figure 20).

Next to the main entrance were the administrator’s office and the warehouses for
finished paper, intended for distribution or sale, both located in the southwest corner [107].
The opposite entrance was likely used for the supply of rags, which were stored in the
southeast corner. From this storage area, the rags were taken to the sorting room, located at
the centre of the south side on the ground floor. From this room, the raw material (the rags)
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could be dropped directly into the fermentation pits in the basement for rotting, followed
by washing and shredding in the lower stamp batteries [107]. It is also possible that this
room contained a scythe or cutter to facilitate these tasks (Figure 21).

2 S U EE 80 [ l | L 5
A TE Y T B E B g EE MLQ—;
| e | I e
AE R wl, o
(a) (b)

Figure 20. Paper mill (graphic reconstruction): (a) West elevation; (b) East elevation.
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Figure 21. Lower stampers and retting pit (graphic reconstruction).

On the ground floor, in the upper stamp batteries, the processing of the paper pulp
was completed. After resting in the storage tanks, the pulp was transported to the adjacent
workshop, where the sheets were formed (Figure 22).

The remaining operations to complete the paper were carried out on the first floor, fol-
lowing a well-organized process: initial drying in the south drying loft, sizing and pressing
in the sizing room, second drying in the north drying loft, final pressing and burnishing in
the burnishing room, and the formation of reams in the accountant’s office [99,102].

Once the reams were formed and labelled, they were ready for distribution and
were moved to the warehouse located on the ground floor, near the main entrance of
the mill and adjacent to the administrator’s office. The plans by Fungairifio (1921) and
AGCHD, sign. 076 (possibly 1863), both place a series of offices or rooms in the southwest
corner of the ground floor, next to the main entrance, which were likely intended for this
purpose [104,107].
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Figure 22. Upper stampers and workroom (graphic reconstruction).

Each of the four stamp batteries in this mill had six pits. The machinery of each battery
consisted of a waterwheel and a camshaft that operated three hammers per trough. The
dimensions and measurements of the entrance channels of the artefact [107] and of the
machines employed in Spanish mills [91,97] have been analysed in detail. In addition, the
representation of the pits in Luis Alonso’s plan has been considered [106]. Taken together,
these findings indicate that the layout of the upper batteries conforms to the standard
design commonly used in other paper mills (see Figure 23).
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Figure 23. Upper stampers (graphic reconstruction).

However, in the case of the lower stamp batteries, it was discovered that their ori-
entation was reversed, requiring an intermediate mechanism—such as a rocker arm—for
proper operation [107] (Figure 24).
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Figure 24. Lower stampers and retting (graphic reconstruction).

4. Discussion

The main outcome of this research is the complete formal and functional reconstruction
of the demolished paper mill. Thanks to this achievement, it is now possible to understand
in detail its organization, the distribution of its departments, the equipment it housed, the
characteristics of its machinery, and its operational dynamics. Until now, no prior study had
been conducted on this mill—let alone from an engineering or architectural perspective. The
scarcity and dispersion of direct data had made any attempt at reconstruction particularly
challenging.

This achievement has been made possible thanks to the applied methodology, which
includes a thorough examination of information from indirect sources, as well as a complex
process of data integration using highly precise 2D software. This system has enabled
the accurate definition of critical dimensions and elevation levels for the analysis and
placement of existing machinery, in addition to reconstructing its operation with a high
degree of reliability.

The graphical results obtained demonstrate the effectiveness of the materials and
methods used to faithfully reconstruct an element of industrial heritage, even when it
has physically disappeared. This methodology, which is adaptable to other cases, faces
significant limitations when, in addition to the absence of material remains, the available
documentary sources lack even minimal information. It has been shown that in-depth
knowledge and thorough analysis of the technology, machinery, and processes associated
with a given industrial asset are essential for its recovery. Likewise, it is crucial to examine
all existing historical sources related to machine drawings [80-83].

The layout and operation of the essential departments of this factory, as well as the
reconstructed mechanisms and tooling, exhibit complete consistency with the technological
level typical of the late eighteenth century [84-86]. Furthermore, they correspond with
other contemporary paper mills [89,90,92-97] and align with the descriptions compiled
from the documentary and bibliographical sources analysed [42,44,45,98-110].

The location of this paper mill at Locks 11-12 was not an arbitrary decision but rather
the result of careful industrial planning carried out on the Canal de Castilla during the 18th
century. Its placement took advantage of the canal’s first double lock, which had a greater
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hydraulic head, to power large-scale machinery. At the same time, it maintained a strategic
distance from the fulling mill installed in 1791 at lock 7, thus avoiding the dirty water
discharged into the canal after the washing, fulling, and dyeing processes of the fabrics.
With the transformation of this fulling mill in 1800 for leather processing, the mill gained
an additional advantage: it was well connected to it, enabling it to utilize the fleshings
discarded in the tannery. These fleshings, transported by boats along the canal, constituted
the primary raw material for paper sizing [78].

The layout of this facility reveals a clear separation between the industrial zone and
the residential and service areas, as well as a well-defined spatial organization along the
Canal. The industrial zone was located on the left bank, arranged around a small open
square facing the watercourse, while the residential zone was situated on the right bank
(Figure 15). The industrial area was composed of three buildings or pavilions, each adapted
to different stages of the papermaking process: the main building (housing the hydraulic
machinery) for paper production; the gelatine sizing room, attached to the main building,
for sizing the paper; and the carpentry workshop and wood warehouse, used for machinery
repairs and featuring an additional drying loft on the upper floor [99,102]. The residential
area included a block of twelve houses for workers, a small storehouse for food supplies,
a stable, and a chapel [99,110]. No physical remains of the chapel survive, nor is its exact
location known, although it is mentioned in some historical sources [46].

The separation between the residential and industrial zones represents a significant
innovation and a notable improvement over other papermaking establishments of the
time. In many of those, worker housing was not even considered, while in others—such
as the Catalan mills—an entire floor within the same building was allocated for employee
quarters [93-95]. In contrast, this factory chose to construct a separate building, located
on the opposite side of the Canal, dedicated exclusively to housing. This decision aimed
to mitigate the impact of the constant noise produced by the uninterrupted beating of
the paper pulp, which continued 24 h a day. The residences included their own yards
and stables and also benefited from their proximity to the small village of Olmos de
Pisuerga [46,99,102]. The entire complex can be considered a “modern” factory for its
time, as it not only integrated a complete production process but also incorporated all the
necessary elements to improve and dignify the working conditions of its employees.

The main building of this factory features a bridge-mill structure built over the di-
version channel—an idea previously implemented by Homar in the early fulling mills
and flour mills along the Canal of Castile (Figure 18). The bridge-mill concept allowed
for the installation of multiple hydraulic wheels inside the structure, arranged in parallel
(in pairs), whereas most traditional paper mills had to place their wheels outside and in
series (aligned one after another) [11]. It has been documented that in the now-lost Royal
Paper Mill of San Fernando de Henares, both configurations coexisted: the original mill
had two hydraulic wheels on the exterior, while the 1786 extension was built over the
channel to accommodate two parallel wheels, aiming to maximize water power and double
the number of vats. However, in San Fernando de Henares, this new wing did not form a
true bridge, as it lacked access from the opposite bank (Figure 11b) [97]. In contrast, at the
paper mill located at Locks 11-12, the entire building was symmetrically positioned over
the channel, with entry and exit points on both sides.

The central and symmetrical position of the hydraulic tunnel, housing two pairs
of wheels, represents a notable innovation compared to other studied paper mills
(Figure 17a,b). A similar layout is known only in the Royal Anchor Factory of Fagol-
laga (Guiptizcoa), built around 1750—a different type of industry that may have served as
a reference. This configuration divided the mill’s floor plan into two symmetrical halves,
which in this case were used to produce different grades of paper. After the selection and



Heritage 2025, 8, 231

20 of 32

sorting of rags, two separate processing lines were initiated for the raw material, with each
half of the mill specializing in a distinct type of paper. The purpose of this design was
to prevent cross-contamination during subsequent operations between the pulp used for
coarse wrapping paper (estraza) and that intended for white paper, thereby avoiding the
soiling of the stampers, tanks, and the vat.

It is evident that, although its technology is rooted in the early guild-based manu-
facturing traditions (with paper made by hand, sheet by sheet, directly from the vat), the
configuration of this facility marks the beginning of the transition toward the modern facto-
ries of the 19th century, already linked to an industrial production context. The machinery
and equipment remained traditional—vats, stampers, beating pits, presses, and so on—and
both the workflow sequence and the required workspaces for each phase were unchanged
compared to other paper mills. However, the layout of the work areas and the optimization
of the raw material’s movement through the facility were carefully planned, to improve the
production process and significantly increase manufacturing volumes.

Unlike the large Catalan mills, which were characterized by a vertical development of
up to five levels, the main building of the paper mill at Locks 11-12 significantly reduced
its height [93-95]. The aim was to achieve a more horizontal distribution of the numerous
operations involved in papermaking. This layout facilitated the movement of materials
throughout the entire building as they were progressively transformed and refined into
finished sheets.

It can also be observed that the design of the main building does not follow an abstract
or undefined spatial concept, as was common in other papermaking facilities. Its organiza-
tion had evolved toward a more deliberate appreciation of its components—workshops
and auxiliary spaces—through two key elements: the courtyard, which articulated the
spaces and improved natural lighting, and the axis of symmetry, which provided struc-
tural order (Figure 17). Both concepts had already been tested by military engineers in
certain compact or “block-style” manufacturing complexes, such as the Royal Foundry of
Sevilla (1767-1775) and the Royal Sword Factory of Toledo (1772-1783) [64,65]. However,
unlike those examples, the central courtyard in the paper mill at Locks 11-12—smaller in
scale—was not intended as a workspace nor did it facilitate internal circulation. Its primary
function was to generate the mill’s second hydraulic drop by impounding water through a
large masonry structure that acted as a dam [107].

From a construction standpoint, it is confirmed—as is the case with all royal
manufactories—that this was an eminently functional building, devoid of decorative or
aesthetic concerns. The only ornamental concession was the quartered coat of arms of
Castile and Leén displayed on the facade (Figure 20a) [104]. On the two upper floors, only
the corners and the door and window jambs were made of ashlar stone; the rest of the
lower floor walls were built with ordinary masonry and brick backed with adobe, while
the upper walls were coated with lime plaster (Figures 18 and 20). All ceilings consisted
of wooden beams with plaster infill, and the floors were made of ordinary stone slabs
or tiles. The roof structure and all the machinery—wheels, shafts, and stampers—were
made of wood [100-102]. The mill’s vats, as in other Spanish examples, were made of
stone [102,103,110]. This contrasts with the French illustrations and descriptions by La
Lande and Diderot, in which the vats are depicted as cavities hollowed out of a thick, long
piece of wood [84,85].

The strength and solidity of the lower section of the main building are particularly
noteworthy, as it was constructed with robust stone masonry to withstand the pressure of
the water (Figure 13). The massive structure on the south side of the water reservoir, over
3.50 m thick, not only contributed to the building’s stability but also housed the floodgate
mechanisms, which were accessible from the walkway that extended across its top and
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connected the two entrance halls on the ground floor (Figure 19a). The south wall of the
basement, located on the downstream side, reached a thickness of 1.45 m. The exterior
walls of the ground floor measured 1.10 m thick on three sides and 1.40 m on the north side,
where the intake channel was located. The side walls of the hydraulic tunnel were 0.90 m
thick [107,108].

It is also known that the purifiers—an element La Lande considered important in
paper mills—were omitted from the factory at Locks 11-12, based on the assumption that
the waters of the Canal were clean enough for soaking and beating the rags [42]. For this
reason, no space was allocated for them in the reconstruction, as it has been demonstrated
that they were never part of the original facility. Historical records indicate that, after initial
trials and the production of defective samples, it became necessary to address this issue by
channelling water from nearby springs directly to the mill’s vats for papermaking [109]. A
few years later, the new paper mill built at Vifialta (Locks 31-32) corrected this problem by
incorporating an annex at the water intake—known as the “purifier house”—specifically
designed to filter and purify the water [30].

The presence of wing walls and groins has been identified at both the inlet and
outlet of the channels connected to the main building [104]. These elements served a dual
purpose: on one hand, they acted as retaining walls to prevent water seepage into the mill,
particularly at the intake channel (millrace); on the other, they facilitated the formation of
external footbridges connecting both sides of the watercourse (Figure 18). Additionally, on
the north side, they provided direct access to the operation of the upper floodgates located
outside the building [107].

All the clean stages of the papermaking process were concentrated on the two upper
floors of the main building: selection and sorting of rags, refining, dilution and resting of
the pulp, sheet formation, pressing, drying, burnishing, and other necessary handling tasks.
The semi-basement level housed the more unsanitary operations, due to the humidity and
unpleasant odours released during the fermentation, cutting, washing, and shredding of
the rags (Figure 17). However, unlike other paper mills, these spaces were equipped with
windows for lighting and ventilation, improving the working conditions [107].

Comparison with other manufactories reveals that the equipment of this factory—
4 wheels, 4 stamp batteries, 24 vats, and 2 working vats—was on par with the most
significant facilities of its time and superior to the Catalan mills [93-97]. Regarding the
number of stampers, it has been determined that each vat was equipped with three stampers
striking it, as observed in all studied Spanish mills [89-97]. All of them followed the model
described by La Lande, rather than other graphic sources, such as Diderot, Schickhardt, or
Sturm, which depict a greater number of stampers, ranging from four to seven [85-87].

The project to convert this factory into a hydroelectric power station, carried out by
engineer Fungairifio in 1921, irreversibly altered the main building and contributed to
its eventual disappearance [107,108]. However, the architectural plans documenting the
state of the facility prior to the intervention provide highly precise data and measurements
that now make it possible to accurately identify the location of the channels and faithfully
reconstruct both the position and dimensions of the hydraulic wheels (along with their
respective camshafts). The findings are consistent with other similar installations and
align with the models illustrated by La Lande and Diderot [84,85]. It has been determined
that the upper hydraulic wheels had a diameter of 2.70 m, while the lower ones reached
3.00 m. These dimensions were necessary for their operation as Vitruvian wheels powered
from below and ensured that the camshaft was positioned at the correct height to lift the
stampers (Figure 19a).

It has also been observed that the lower wheels were positioned with great precision
within the limited space between the large masonry block of the inner courtyard and the
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south wall [107]. This made it impossible to place the basement stamper vats on the usual
side relative to the rotation of the camshaft. The arrangement shown in the architectural
plans is the only viable option, also allowing adequate access for workers to remove the
rag pulp (Figures 21 and 24). It is believed that the technical solution adopted to operate
the stampers may have been the ingenious, yet simple rocker-arm system described by
Sturm in 1718 [87]. With this configuration, in addition to the shredding vats (where the
rags were washed and torn apart), the basement also accommodated the retting pits (their
natural location) and possibly the scythe or cutter (used to cut the rags), as described by La
Lande [84].

A thorough analysis of the data leaves no doubt regarding the number and arrange-
ment of the factory’s main machinery—wheels, vats, and stampers. It also confirms the
existence of two vats associated with each of the upper stamper sets, which supports
the possibility of simultaneously producing two clearly distinct types of paper: white
and coarse (brown paper) [99,102,109,112]. The use of two vats to increase mill output
had already been implemented in other manufactories, though always within the same
workspace or vat room [93-95]. The innovation at the Locks 11-12 paper mill lies in the
existence of two completely separate workshops, each equipped with its own vat. However,
there remains some uncertainty regarding the number and exact placement of auxiliary
elements such as tanks, benches, and presses, whose arrangement has been represented
hypothetically in the architectural plans (Figure 22).

It has been discovered that, in this factory, the rag-sorting room occupied a strategic
position at the centre of the south side of the ground floor. It was in this space that the
production process split into two distinct lines for the two types of paper mentioned earlier
(Figure 17b). Following the model described by La Lande and Diderot, the selected rags
were dropped directly into the basement of the mill, which—being crossed by the water
channel—was divided into two sections [104]. There were thus two separate retting pits,
which can be identified with the remains of nogues or stone basins mentioned by Fungairifio
in the report for his 1921 project [107]. This layout required two openings on the ground
floor—one on the east side and the other on the west. Higher-quality rags (such as cloth,
linen, or fine hemp) were dropped through one side for the production of white paper,
while waste materials (such as espadrilles, baskets, sacks, and rope ends) were thrown
through the other side to produce brown paper (Figure 17a). Although precise data is
lacking, the plans distinguish between the two processes, attributing the production of
white paper to the east side, given its proximity to the main entrance of the mill, the
administrator’s office, and the finished paper warehouse (Figure 17b).

This innovative layout of the rag-sorting room allows for the hypothetical placement
of two rag-cleaning machines or “devils,” powered by the hydraulic wheels located directly
beneath, using lantern gears. This mechanical solution for cleaning rags—unlike the
manual rag-cleaning devices used in other Spanish mills—may have been similar to the one
employed at the Royal Paper Mill of San Fernando de Henares, where hydraulic wheels
drove two burnishing hammers located directly above through a system of gears [97].

On the upper floor was the perimeter drying loft, which surrounded two symmetrical
rooms lit by the small central courtyard, as shown in the architectural plans [102,105]. The
proximity to the drying loft and, above all, the detailed descriptions of the papermaking
process by La Lande and Diderot (among others), suggest that these two rooms were
used for burnishing and sheet counting, although there are no data to determine which
side housed each function (Figure 17c). There is also no evidence of hydraulic burnishing
hammers on this floor, such as those used in some mills [97]. However, it is possible that
one or two manual burnishing stampers were present, of the type described by Diderot [85].
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The gelatine sizing room was clearly configured as an independent space [102,105].
The separation of this activity represents an innovation compared to other mills where
sizing was also carried out [93-95]. Its construction—detached but adjacent to the main
building—was intended to reduce the risk of fire caused by the hearth used to boil the
fleshings (Figure 17b). This room had its own entrance from the outside and a direct
connection to the first floor of the mill, where the drying loft or gallery was located [102,105].

As for the third building—the separate warehouse—various descriptions indicate
that it included an additional drying loft (Figure 16) [99,102]. This loft was likely used for
drying rags when they arrived wet, as mentioned by La Lande in his work [84].

Taken as a whole, this factory model represents an innovative solution, designed
with a dual circuit that allowed for the simultaneous production of two types of paper.
The process began in the rag-sorting room on the ground floor, from where the rags were
dropped into the semi-basement, splitting to either side of the lower wheels. From there,
the shredded rag pulp rose on each side to the upper stamper sets, where it was refined
into paper pulp, and the sheets were formed in the vat workshops. The freshly formed
paper stacks created on both the east and west sides converged in the drying loft on the
upper floor. Once dried, the sheets were sized (in the gelatine sizing room), then dried
again, burnished, counted, and grouped into reams—operations also carried out on the
upper floor. Finally, the reams of paper were brought down to the ground-floor warehouse
for distribution and sale (Figure 17).

The symmetrical layout tested in this factory served as the model for the construction,
just a few years later (1801-1803), of a larger facility at Locks 31-32 in Vifialta (Palencia). This
new factory, which had four floors, six stamper sets, and three pairs of hydraulic wheels,
incorporated significant modifications. In addition to the new annex for the purifiers, the
internal staircase system was improved by aligning it with the stepped structure of the
building to minimize travel distances. However, despite these enhancements, the Vifialta
factory never included a residential area for its workers [30].

5. Conclusions

From a methodological standpoint, the most significant contribution of this work
lies in the implementation of the analytical-synthetic method, applied through a holistic
and integrated approach. This process culminates in the creation of an accurate graphic
representation that gives form and meaning to the findings obtained.

The most innovative contributions of the research conducted are as follows:

1. The complete recovery of the layout of the vanished paper mill.

Until now, it had been entirely unknown, and no study had ever been conducted on it.
Neither its operation nor its configuration was understood. No plans of the original project
have been preserved, and the remains of its foundations lie hidden beneath overgrowth.
The discovery of new and varied sources—mainly from the AGCHD—now makes it possi-
ble to accurately reconstruct both the layout of the main building and the operation of its
machinery. On one hand, written sources describe devices and departments (wheels, stam-
pers, vats, retting pits, etc.) that define a traditional paper-making system, consistent with
the descriptions by La Lande [84]. On the other hand, graphic sources reveal an innovative
and carefully planned construction designed to organize that manufacturing process.

Among the most revealing graphic sources is the 1921 project by Fungairifio, noted
primarily for the precision of its details and the accuracy of its measurements [107,108].
The analysis and comparison of all available data have revealed the following significant in-
accuracies and errors in other graphic sources that, until now, had been considered reliable:

e  The west elevation depicted by Homar in 1808 [48] (Figure 1a) does not accurately re-
flect reality. The drawing shows a significantly longer building, with dormer windows,
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lacking a coat of arms, and with the culvert incorrectly positioned. This image appears
to have been deliberately exaggerated by the author, possibly to draw the attention of
high-ranking officials to a declining Royal Paper Mill to which he had devoted nearly
half of his life. The dimensions and appearance of this idealized representation do not
match those found in other documents or in later depictions, such as the one included
in the 1853 transformation project [107].

e  The photograph from 1920 to 1930, published in Helguera’s 1992 work [48] (p. 37), has
been incorrectly attributed to this mill. It corresponds to the third mill, built in 1922
over the fulling mill at Locks 22-23-24 in Calahorra de Ribas.

e  The plans drawn by Luis Alonso in 1901 [106] (Figure 12c) show a design with a water
system positioned off-centre, including two courtyards, and featuring an incorrect
number of channels.

e  The location plan included in the 2001 Regional Plan for the Canal de Castilla [71]
(Figure 5b)—a regulatory document governing any intervention in the Canal—shows
an incomplete configuration of the mill. Likely based on the barely visible remains
of the foundations, this plan depicts a layout of the main building that does not
correspond to the original floor plan of the mill.

2. The identification of distinctive features in this mill reveals the following key innova-
tions that were incorporated into its design:

e Diversification of buildings: The mill consisted of several specialized structures with
different functions, including a residential area for employees.

o Configuration of the main building: Designed as a symmetrical bridge mill over the
diversion channel, the main building integrated two pairs of internal waterwheels
arranged on two levels.

e  Rationalization of spaces and workflows: The organization of labour aimed to improve
the production process. This new approach marked the beginning of the transition
from early guild workshops to the modern factories of the 19th century, already
embedded in an industrial production context.

e Improvements in environmental conditions: Enhancements were made to ventilation,
lighting, and fire safety, as fires were commonly caused by the stove located in the
sizing office.

e  Strategic location of the rag-sorting room: Positioned strategically, it facilitated the
division of the paper-making process into two independent circuits.

All these innovations in the factory’s design stand in contrast to another significant
finding: the obsolescence of its original machinery. It never incorporated the technological
advances that would have accelerated the manufacturing process while optimizing space
and labour. The Hollander beater, more efficient than hydraulic stampers and with greater
capacity than traditional vats, had already become widespread in Spain by the late 18th
century. Likewise, the continuous paper machine, which marked the beginning of the
sector’s mechanization, emerged strongly in the early 19th century. However, none of these
advancements were ever adopted during the building’s operational life. It could be said
that the architectural improvements introduced reduced the building’s flexibility, making
it difficult to update or integrate new mechanisms. This technological lag—combined
with the Peninsular War (1808-1814) and the lack of resources in the following years—
led to the factory’s decline, its failure to modernize, and its relatively brief period of
operation. It functioned regularly from 1793 until the 1830s, after which leasing it became
increasingly difficult. The factory continued to use the same machinery and artisanal
paper-making process with which it had been founded. Around 1847, various possibilities
for converting it to another type of industry were explored, but none succeeded, and the
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building remained unused and abandoned until its adaptation as a hydroelectric power
station in 1921. Ultimately, due to its poor state of preservation, it was demolished in 1983.

3. The establishment of connections between this mill and other Royal manufactories.

The overall organization of this mill fits within the movement initiated in Spain by
military engineers in other Royal manufactories during the 18th century. Royal Factories
such as San Sebastidn de la Muga (Girona) in 1771 and San Juan de Alcaraz (Albacete)
in 1773 had already experimented with this dispersed or “pavilion-style” model. There
was a strict separation between industrial, residential, and service areas, each developed
according to the specific needs of production. It was believed that linking workers to the
factory improved their social and economic conditions. The mill at Locks 11-12, like other
Royal Factories, represents a small Enlightenment-era experiment in combining habitation
and industry. These contributions are attributed to military engineers such as Juan de
Homar, director of the works and a key figure in promoting industrial development along
the Canal de Castilla. His solid scientific and technical training enabled him to design and
implement the innovations required for the ambitious state modernization plan.

5.1. Limitations of the Work

The main limitation of the research conducted is the absence of physical remains
and the scarcity and dispersion of data. Rigorous studies on the historical evolution of
papermaking and paper technology up to the 18th century partially compensate for this
lack of information. Comparison with similar contemporary facilities has been crucial for
understanding the state of the art in its time and context.

The inability to take on-site measurements and data, along with the scarcity of images
or photographs, prevents the verification of some of the results obtained—such as the exact
location of the wood warehouse and the arrangement of certain minor elements inside
the mill (vats, presses, tanks, sizing boiler, etc.). However, it is important to emphasize
the validity of the overall reconstruction, including its main machinery, which remains
consistent with all the gathered and cross-checked data (projects, plans, and descriptions).

The precise identification of the different levels of historical fidelity is regarded as
an indispensable requirement for underpinning and enhancing the future development
of the immersive experience at this industrial site. In line with the recommendations
of the London Charter [67] and proposals from authors such as Kensek [117], a static
representation has been developed that employs a colour-coded scheme to illustrate the
level of confidence in various elements of the reconstruction (Figure 25).

While 2D reconstructions are valuable tools for obtaining an initial visualization of
distribution and functionality, it is crucial to recognize their limitations. Due to their
two-dimensional nature, they entail an inevitable loss of depth and volume perception,
distortions in the restitution of spatial relationships, and a certain degree of subjectivity in
their interpretation.
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5.2. Future Work

As new lines of research and further exploration, it is proposed to form a multi-
disciplinary team comprising historians, archaeologists, engineers, architects, and 3D
digitization specialists to collaboratively work on the following tasks:

e Identification of new sources and data: Old photographs, drawings, oral histories,
records, private archives, etc.

o  Conducting archaeological studies: Excavation of the foundations and other remains
hidden by vegetation to verify their locations, elevations, and dimensions. Once the
vegetation is removed, techniques such as traditional surveying, laser scanning, and
UAV photogrammetry may be employed. Implementation of measures to conserve
and enhance the remains of the facility.

e 3D digitization of the site: Three-dimensional reconstruction of the material remains
within their context.

e  Creation of hyper-realistic 3D models: Visualization and documentation of the paper
mill using photorealism and immersive virtual reality (VR) technologies. The virtual
reality model of the building and its machinery can be used to demonstrate the
manufacturing process and interact with its elements for the purposes of educational
and scientific dissemination.

e  Enhancement of the Canal de Castilla’s tourism resources: Installation of informational
panels near the paper mill, incorporating interactive augmented reality (AR) and mixed
reality (MR) features.

e  Creation of 3D physical models, both individual machines and the entire system, to
improve data interpretation and facilitate its dissemination.

e  Further exploration of the papermaking process in terms of Intangible Cultural
Heritage.

e  Expansion of the study to other industrial sites along the Canal de Castilla: Documen-
tation and dissemination of its rich industrial heritage.

Although it is not possible to physically restore the original conditions of this vanished
factory, the graphic reconstruction carried out allows us to recreate its original appearance
and operation, while also enhancing the environmental character of an industrial site
that should not be lost. The past activities and technologies revealed by this work can be
visualized through virtual reconstructions to preserve, communicate, and socially project
them. These actions not only safeguard history and culture but also give value to the
memory of labour and the traces of industrialization by promoting sustainable tourism and
benefiting the local economy.

All the technological data collected, and the graphic reconstruction carried out, also
help to interpret the final years of artisanal papermaking in Spain, laying the groundwork
for the prelude to the Industrial Revolution of the 19th century.
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