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1 Scope

This document provides guidelines for the characterization of waterlogged archaeological wood to
support decision-making processes for its preservation.

This document can be applied for the management of wood discovered in waterlogged environments,
including terrestrial and aquatic (marine and freshwater) sites, as a basis for designing conservation
strategies (e.g. reburial, in situ preservation, post-excavation storage). In the case of composite artefacts
madeofwoodandothermaterials,thisdocumentisapplicableonlyforthewoodencomponents.Methods

for conservation, site protection and monitoring for reburial as well as in situ preservation are beyond
the scope of this document.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

EN 15898, Conservation of cultural heritage — Main general terms and definitions

EN 16085, Conservation of Cultural property — Methodology for sampling from materials of cultural
property — General rules

EN 16682, Conservation of cultural heritage — Methods of measurement of moisture content, or water
content, in materials constituting immovable cultural heritage

3 Terms and definitions

For the purposes of this document, the terms and definitions given in EN 15898 and the following apply.
ISO and IEC maintain terminology databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https: //www.iso.or

— [EC Electropedia: available at https://www.electropedia.org/

3.1

archaeological significance

combination of all the archaeological values and heritage interests to present and future generations,
assigned to a find

3.2
basic density
quotient of the mass of the oven dry wood to the water-saturated volume of wood

3.3

collapse

permanent change to the shape of the wood cells due to the uncontrolled evaporation of the free water;
this leads to deformation of the find that cannot be recovered upon remoistening of wood

3.4

conservation/preservation

measures and actions aimed at safeguarding tangible cultural heritage while respecting its significance,
including its accessibility to present and future generations
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Note 1 to entry: Conservation embraces preventive conservation, remedial conservation and restoration. It is
important that all measures and actions respect the significance and the physical properties of the cultural heritage
item.

3.5

reburial

systematic reburial of finds at the original excavation site (in situ reburial) or at another suitable location
(ex situ reburial) in order to establish the original environmental conditions under which the object was
previously well preserved as the base of a further preventive conservation strategy

3.6
degradation
result of the process of wood deterioration through physical, chemical and biological factors

3.7
hardness
material's resistance to penetration or indentation

3.8
in-situ preservation
maintaining finds in their original context whilst monitoring factors influencing degradation

3.9

moisture content

MC %

weight of water contained in the wood, expressed as a ratio to the oven-dry weight of the wood

Note 1 to entry: The maximum water content (MWC %) is a particular value of MC % that is reached when all wood
structures (cell walls and cell lumens) are filled with water.

3.10
monitoring
process ofcollectingand assessingdata pertainingto anobject, itscollectionor its environment over time

11

pin test

subjective method to assess the penetration resistance (hardness) of an artefact by manually inserting a
needle into the wood

3.12

preventive conservation

all measures and actions aimed at avoiding or minimizing future deterioration or loss and, consequently,
any invasive intervention

Note 1 to entry: These measures are carried out within the context or on the surroundings of a find, but more often
on a group of finds, whatever their age and condition. These measures and actions are indirect - they do not
interfere with the materials and structures of the objects. They do not modify their appearance.

3.13

relative density

(synonymous specific gravity)

ratio of the density of the wood to the density of a given reference material, typically water
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3.14

residual basic density

ratio of the actual basic density of the wood divided by the corresponding reference value for the wood
of the same species

3.15
remedial conservation
actions applied directly to an object to arrest deterioration and/or limit damage

3.16

supporting capacity

ability of the wooden archaeological find to support its own weight without breaking or crushing during
lifting or transportation

Note 1 to entry: In case of reburial, this indicates the ability of the wood to support the weight of the reburial
sediments.

4 Aim of characterization

4.1 General

The aim of characterizing waterlogged archaeological wood is to support the development of a
preservation strategy (see Table 1 and the flow chart in Figure 1).

Woodinwaterlogged environments is degraded byarange of agents resultingina loss of woodsubstance
to a varying degree. It is therefore essential to obtain representative information on the state of
preservation of the wooden remains, which can be variable. This information is critical in determining
the vulnerability of the material and in providing a baseline against which future changes can be reliably
measured.

Characterization can provide useful information to support:

— the decision-making process on the assessment of the archaeological or other scientific (e.g. botany,
palaeontology, geology, paleobiology) value or significance of the find;

— the decision to be made on whether the wood should be preserved in situ, reburied, lifted for
conservation, or preserved by recording only.

Characterization shall be developed in accordance with the site environment (e.g. underwater,
terrestrial), archaeological context, sampling policies, type and size of finds and available time and
resources. Whenever possible, characterization should be carried out soon after the discovery, as delays
can reduce either its effectiveness and or its analytical potential. Qualified professionals with relevant
expertise shall be involved as early as possible to design the analytical protocol to be carried out,
including methods and sampling strategy, and for the subsequent implementation of characterization.
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— existing or permanent deformation;
— residual self-supporting capacity of the wood in the case of lifting and reburial;
— chemical characterization;

— burial environment.
4.4 Characterization for remedial conservation

4.4.1 General

When the preservation strategy includes remedial conservation, characterization shall be carried out
either on site and or in the laboratory. Characterization on site is undertaken to assess the physical
integrity of the wood, required to make decisions on the recovery / lifting method (see list of references).
Characterization in the laboratory is undertaken to develop an appropriate conservation treatment.
These assessments should be carried out in addition to those in 4.1.

4.4.2 On-site characterization

Waterlogged wood might appear to be in sound condition upon exposure but can be heavily degraded. In
order to select the appropriate lifting technique, the physical condition and mechanical strength of the
wood shall be assessed non-destructively on site by evaluating the following:

— surface hardness;
— presence of damages that affect structural integrity;

— self-carrying capacity (ability of the wood to support its own weight).

4.4.3 In the laboratory

The aim of characterization in the laboratory is to assess the nature of degradation and its extent and
variability on samples taken from the site. In order to select an appropriate conservation treatment, the
following shall be evaluated:

— physical properties characterization - (MC % and basic density);
— microbial degradation.

Furthermore, for a more complete understanding of wood degradation and for a better understanding of

the potential effectiveness of the treatments and of the long-term stability of the wood, chemical
characterization is also recommended.

5 Sampling plans for characterization

Sampling shall be carried out in accordance with EN 16085. The sampling plan shall be agreed on and
coordinated between the stakeholders and decision makers. The sampling plan shall be designed taking
into account the large variability within sites and find(s) and the needs of the preservation strategy
adopted, ensuring the minimum removal of original parts from the find(s). When samples taken to
establish archaeological value (e.g. dating) are available, their use for other types of characterizations is
recommended.

Samples shall be taken where visual impacts are minimal and from locations which represent the range
of preservation conditions of the find. Sampling shall be carried out by a qualified conservator or under
their supervision.
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During transport the samples shall be kept wet, and movement restricted to prevent mechanical damage.
Finds immersed in water should be secured (e.g. by suitable wrapping) in order to avoid loosening or

amvement.

During storage samples shall be kept wet, at low temperature (optimum 3 °C - 6 °C) to maintain their
physical stability in a container properly labelled with an identification code.

Sampling of wood shall be carried out before any kind of manipulation or the addition of substances, to
avoid contamination that can influence the results of analysis. Similarly, particular attention shall be
given to the constituent materials of instruments and containers used in the above-mentioned sampling
operations.

6 Characterization methods

6.1 General

Characterization shall be carried out according to the sampling strategy and by relevant specialists.
Sometimes more than one technique is available and selection shall be made to satisfy primarily the
preservation requirements of the find. The characterization process shall consider the importance of
wood variability (natural and degradation-induced inhomogeneity). Priority shall be given to
quantitative information, taking cost-effectiveness of the process into account.

A summary of the characterization required according to the established preservation strategy is given
in Table 1.

6.2 Wood species identification

The determination of the wood species of the find provides valuable information for assessing the
archaeological and paleoenvironmental value and enables development of a preservation strategy.
Identification is dependent upon the integrity and condition of the wood. It can be performed in
successive stages from the macroscopic to the microscopic level, on site or in the laboratory.

Determination shall be made at the level of wood species or at the closest taxon possible. The
identification report shall state the anatomical features used for identification.

6.3 Dating and tree ring analyses

Dating techniques and tree ring analyses are beyond the scope of this document.

Sampling for scientific dating usually involves a degree of intrusive damage, but this should be kept to a
minimum, and the multipurpose use of samples is strongly recommended. The development of an
appropriate sampling plan (EN 16085) will help balance the integrity of the object with the desirability
of scientific dating.

6.4 Degradation profile

6.4.1 General

The degradation profile of waterlogged wood can be very heterogeneous between different finds at the
same site or within the same object in the case of large finds.

6.4.2 Physical and mechanical properties
6.4.2.1 General

For this document the physical characterization is the assessment of the moisture content (MC) and
density of the wood. Both density and MC have direct relevance in the development of preservation and
conservation strategies, in particular, to prevent irreversible collapse or anomalous deformation of the
wood find during uncontrolled or controlled drying.

10
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6.4.2.2 Density

In waterlogged archaeological wood density is directly correlated with the degree of degradation and is
reflected in material strength and maximum water content. A representative number of measurements
is necessary to adequately map the variability in the state of preservation within each find.

With waterlogged wood basic density (dry weight / waterlogged volume) is the most common density
measurement used. Basic density determination is a destructive test that requires sampling.

Basic density is expressed in terms of g/cm3 or Kg/m3 and shall be compared with the corresponding
reference value for wood of the same species.

On samples or on small objects relative density (R) can be estimated non-destructively by measuring the
wet weight in water (Ww) and the wet weight in air (Wa) assuming a standard density for water of
1 g/cm3 and a standard density for the wood cell wall of 1,5 g/cm3, based on the following formula:

R =3 Ww/(Wa-Ww)

For an initial assessment of the state of preservation of finds in the field or in the laboratory, density can
be estimated indirectly through the measurement of material resistance to penetration. Techniques
include simple pin tests or instruments designed to measure wood hardness profiles.

For large objects, density values shall be plotted in a density map that provides a spatial visualization of
the density variation throughout the object.

6.4.2.3 Moisture content (MC)

The moisture content (MC) of waterlogged wood at complete saturation reflects its state of preservation
and is expressed as a percentage (MC % or MWC % (maximum water content)). The higher the
percentage the greater the loss of wood substance and the potential for shrinkage and collapse.

The MC shall be established on a representative number of saturated samples. It can be measured by
means of destructive or non-destructive techniques. The destructive gravimetric technique, using wet
weight vs oven-dried weight, shall be carried out according to EN 16682. The MC can be measured non-
destructively by determining the wet weight in water (Ww) and the wet weight in air (Wa) as follows:

MCmax = 100((Wa-3 Ww)/3 Ww)

If density values (R) are known MCmax can be calculated according to the following formula:
MCmax= 100(1,5-R)/1,5 R

In the case of destructive gravimetric determination, samples can be used also for measuring wood
shrinkage and or collapse (6.4.2.4).

6.4.2.4 Shrinkage and collapse

Moisture removal inwaterlogged wood canlead toa volume reduction,caused bycollapse and shrinkage.
Collapse occurs as the consequence of the uncontrolled removal of water from the cell lumens of wood
where the degraded cell walls cannot withstand the surface tension of the water as itis removed from
the cell lumens. Shrinkage is the normal behaviour of wood when moisture is removed from the cell
smradlsan show different intensity and behaviour in waterlogged wood.

When remedial conservation is being considered, shrinkage and collapse quantification shall be carried
out in order to assess material behaviour and or treatment efficacy. Volume reduction is determined by
measuring the difference between the waterlogged and the dried dimensions of the sample. Shrinkage
and collapse quantificationcanbe carried out bydestructive testingthat canrequiresamplingor byusing
digital modelling.

11
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6.4.2.5 Hardness

Material resistance to penetration (hardness) in waterlogged wood is an estimation of the degree of
degradation, which is normally higher in the outermost layers. Determination of hardness depth profiles
and or surface mappings lead to the assessment of the state of preservation of the wooden find. The large
variability of degradation requires an appropriate number of measurements according to the dimension
and complexity of the object.

Techniques are locally destructive and include the pin test or other instruments suitable to assess the
hardness or density profiles in waterlogged wood.

6.4.3 Morphological alteration

The morphology of waterlogged archaeological wood is affected by abiotic and biotic processes. The
morphological characterization provides information about the nature and extent of the alterations
throughout the wood and shall be studied on both the macroscopic and microscopic level.

Macro-morphological characterization is carried out by means of visual observation of the wood. It
provides information about the nature and extent of alterations by insects, molluscs, crustaceans, plants,
etc., or changes caused by abiotic processes (e.g. presence of inorganic compounds, mechanical damages,
incrustations).

Micro-morphological characterization is carried out at the microscopic level (including light and electron
microscopy) and it requires sampling. It provides information about the nature of the alteration caused
by microorganisms at cellular level (e.g. bacteria, fungi).

The morphological characterization shall provide information on the spatial distribution of the
alterations and causative agents.

6.4.4 Chemical properties

Chemical analysis provides important information to establish the properties of the archaeological
waterlogged wood, which in turn can help determine the nature and distribution of alterations, which
can vary considerably. Chemical characterization covers organic polymers (e.g. cellulose, hemicelluloses,
lignin, extractives) and both inorganic wood constituents (e.g. mineral, ash) and contaminants (iron and
sulphur inclusion in particular).

The determination of organic components characterizes the state of preservation of the wood and
provides information about the burial environment.

The contaminants shall be considered for their reactive effect on the preservation of the wood because
such inclusions can cause further chemical degradation.

Chemical characterization is needed prior to the choice of remedial conservation treatment and post-
conservation environments and for documenting the baseline condition for future characterization.

Characterization is used to identify alterations, qualitatively and quantitatively, to the chemical
composition of wood. Qualitative results provide information on the presence and modification of the
wood constituents. Quantitative results provideinformationonthe amount ofthese constituents present.
Each evaluation is carried out on the basis of comparison with analytical results obtained from fresh
wood of the same species.

A list of the most common analytical techniques is given in Annex A, Table A.1.
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