The Skuldelev ships
Skuldelev 3

I have chosen Skuldelev 3 as a case study in which to review the methods employed in its detection/discovery, assessment, excavation, post-excavation documentation and analysis, conservation, publication, dissemination and replica construction. In the process, to critically assess the success of the approaches employed at the different stages in this project. 
Skuldelev: wreck 3
Dimensions: Maximum overall length 14.0m, Waterline-length 12.0m, midships height 1.4m, maximum beam 3.28m.  
Dendrochronological date ca AD 1040 from Western Denmark.
Small coastal trader.
Estimated working life 20-30 years before scuttling(Crumlin-Pedersen, 2002, p. 240).
Five oar ports, three port, two starboard.  
Cargo capacity 4.6 tons. 


Methods employed in:

Detection/Discovery
The barrier that revealed itself at various time of the year; appeared as a sandy covered stone ridge(Crumlin-Pedersen, 2002, p. 23), limiting access to the entrance of the Roskilde fjord. This barrier was investigated from the 1920’s onwards by staff from the National Museum but would not be seriously investigated until 1957, after some parts of a wreck were discovered and the National Museum was informed again. It had become important to document what there was of the wreck and date it. A more important or useful element was to be the experimentation with the new technique of scuba diving as a possible tool of underwater archaeological investigation(Crumlin-Pedersen, 2002, p.24). This was to be the driving force behind the  1958 investigation (Crumlin-Pedersen, 2002, p. 24). In addition to an ideal opportunity presented by the shallow depth of water the wreck sat in, the expectations were low of what would be found and therefore any damage caused by inexperienced divers would be of little consequence. This is a strange attitude to approach a possible site of excavation. New techniques like using scuba gear for excavating must be learnt, but to approach the dig with the attitude that the site is already damaged so a little more damage will not matter is strange.


  
Assessment
Crumlin-Pederson speaks of their use of  rudimentary concrete blocks and wire to construct a base line(Crumlin-Pedersen, 2002, p. 25) and were then able to make a rough contour map of the barrier(Crumlin-Pedersen, 2002, p.25)estimate its overall size and then proceed with as detailed an investigation as could be completed by themselves in the two weeks, that was covered by funding. Each step of their investigations in the two week season of 1957; and the five week season in 1958, was one of discovery and experimentation(Crumlin-Pedersen, 2002,p. 27). From the use of fire hoses as an excavation tool, to dispensing with scuba cylinders for cylinders and long hoses fixed upon the pontoon which could then extend the time that they were now able to dive during the working day (Crumlin-Pedersen, 2002, p. 27).     
Wreck 1 locally known as “Queen Margrethe’s Ship”,(Crumlin-Pedersen, 2002, p. 25) once uncovered was considered a good place to practice; due to the softness of the wood fragments found and the damage incurred in the digging of the channel in the 1920’s. This continued during the 1957 season until a second keel was uncovered. It is still hard to read where Crumlin-Pederson states that as the barrier had been damaged previously, this would mean the site was now “ideal”(Crumlin-Pedersen, 2002, p. 25) for practising new techniques. That it would not be until the uncovering of the second keel(Crumlin-Pedersen, 2002, p. 26) and a re-evaluation of wreck1 based on  additional finds, that changed their approach to the site.  
 With the uncovering of wreck 2 and the belief now that wreck 1 had probably capsized; and that at least one side might be better preserved due to its lying inside the barrier, fuelled public interest and better funding for another season. 
The second season of five weeks (1958); had three divers clearing the stones from wreck 2, with the discovery of another keel under wreck 2. This was wreck 3; and was better protected (Crumlin-Pedersen, 2002, p. 26) within the barrier. This meant the discovery of full width planks, internal fittings(Crumlin-Pedersen, 2002, p. 27). Identified as a trading ship; open space around the mast area, and the first Viking Age craft of its type to be identified as such(Crumlin-Pedersen, 2002, p. 27).
Wreck 3 became the focus of the end of the second season, with the removal of frames, knees and keel for conservation at the National Museum(Crumlin-Pedersen, 2002, p. 27); and the covering back up of the strakes to reduce damage from the current and winter conditions until a later date. 
Crumlin-Pederson comments that the nature of the investigation now changed(Crumlin-Pedersen, 2002, p.27). 
The final underwater excavation season was to be in 1959; and the attitude it was approached with was completely different from the attitude of 1957. 
Salvage, conservation and final exhibition of the wrecks was now the attitude, public and national interest had been piqued.
With the discovery of the iron rivets rusting away(Crumlin-Pedersen, 2002, p. 27); it was decided that it would not be possible to remove the wrecks by uncovering them and hauling them out of the water. This would likely cause them to fall apart(Crumlin-Pedersen, 2002, p. 27) and the smaller parts could be carried away in the strong current. The choice then became one of driving in steel sheet piling(Crumlin-Pedersen, 2002, p. 27) around the site to create a cofferdam and then slowly pump the water out in stages. 
It would now be necessary to spend this last season discovering the extend of the wreck boundaries, and whether there were anymore yet to be uncovered(Crumlin-Pedersen, 2002, p. 27).  
 
   
Excavation
The excavation was ready to begin early July 1962(Crumlin-Pedersen, 2002, p. 31). With Ole Crumlin-Pederson as technical director and Olaf Olsen as archaeological director; there would be two workmen with archaeological experience and eight students(Crumlin-Pedersen, 2002, p. 31); plus two qualified surveying engineers who had volunteered to make a total photogrammetric survey at stages of the excavation(Crumlin-Pedersen, 2002, p. 31).

The site could not be drained immediately and treated as a conventional land-based excavation site.
Wreck 3 was identified in 1958; when its midships was extensively recorded and excavated, before transferring the internal timbers(Crumlin-Pedersen, 2002, p. 196)to the conservation department of the National Museum for photographing and recording. What remained of wreck 3 would not be excavated until 1962. The excavation of the high-lying southern end (Crumlin-Pedersen, 2002, p. 197)of wreck 3 would begin in early July and finish in the middle of August. Photogrammetrical evidence was gathered of the aft and forward sections on the 19th July and 14th August(Crumlin-Pedersen, 2002, p. 197). Technical problems meant that the midships was not as well recorded(Crumlin-Pedersen, 2002, p. 197). 
Crumlin-Pederson emphasises the value of photogrammetry to the project in the effort it saved; compared to the standard measuring, drawing and grid lines method of recording excavations.  


Post-excavation documentation and analysis
After uncovering of the wreck; but before excavation and final removal occurred, detailed photographs were taken. These were then enlarged and each marked with a record-number in the correct position in the wreck(Crumlin-Pedersen, 2002, p. 51). Then the recorded part of the ship could be safely removed. Each wreck had hard plastic numbers cast for it; these numbers were then affixed to the wreck in a strictly maintained system(Crumlin-Pedersen, 2002, p. 52). Longitudinal pieces were numbered on the inside; and the numbers facing the keel, with transverse timbers numbered on the starboard side to be read aft, with pieces not found in situ (Crumlin-Pedersen, 2002, p. 52) to be noted and numbered arbitrarily. 
A record card was also kept for each number and had the element marked upon it in relation to an internal coordinate system (Crumlin-Pedersen, 2002, p. 52) based upon the structure of the system. The card had the outline of the ship printed on it, with the position of the excavated element marked upon it. This record-card was used during the excavation process to note details and in post excavation treatments to the element(Crumlin-Pedersen, 2002, p. 53).      
The original purpose of the full scale documenting of the elements was to change; starting from the immediate usefulness of being able to reconnect broken pieces under the same element number, and to be able to judge the effect of the conservation process on the pieces by comparing the  pre- waterlogged with the post conserved wood(Crumlin-Pedersen, 2002, p. 53). The full-scale drawings were then to move beyond these immediate needs; and become an indispensable component for the analysis and reconstruction of the ships(Crumlin-Pedersen, 2002, p. 54). The process of recording the full-scale drawings were “limpid drafting folio”(Crumlin-Pedersen, 2002, p. 54),this was a method of projecting the image of the item to be drawn directly onto the folio which was in turn supported by a glass plate. Crumlin-Pederson is particularly complimentary of the use of this style of recording for clinker-built ships; and its development from the early 1960’s. Of particular interest to him is the application of them once converted to 1:10 scale for investigation to the method of the ship construction by detailed analysis of the original timbers(Crumlin-Pedersen, 2002, p. 54). Crumlin-Pederson argues the need to plan the documentation for a ship-find in advance(Crumlin-Pedersen, 2002, p. 54) and particularly focuses on the need for a ship by ship basis of descriptive code based on the ship’s own coordinate system of documentation(Crumlin-Pedersen, 2002, p. 54), and the need to document all parts of the ship at full-scale. This allows you to revise issues that might arise with the use of the full-scale drawings. This is particularly important when considering the generally flattened and distorted state of the vessel causes difficulty in determining the original shape of the vessel based on the excavation plan. This can then be overcome by the use of 3 dimensional  modelling based on the original full-scale drawings(Crumlin-Pedersen, 2002, p. 54).     

Conservation
Once wreck 3’s timbers had been excavated; they were transported to a factory north of Copenhagen, site of the National Museum’s storage and conservation of the wrecks. To begin the cleaning and continued documenting of the elements at full scale (Crumlin-Pedersen, 2002, p. 53) of the wrecks. The waterlogged wood once removed from the fjord; becomes vulnerable to dehydration, shrinkage and potential collapse, no longer  useful for documenting, and exhibiting(Crumlin-Pedersen, 2002, p. 70). The methods available for conservation at first to the Skuldelev finds were 100 years old(Crumlin-Pedersen, 2002, p. 70), and based on the excavations from Iron and Bronze-age grave mounds. The ‘linseed/oil/paraffin method was superseded by the ‘Alum method’(Crumlin-Pedersen, 2002, p. 70) which eventually gave way to polyethylene glycol (PEG). First patented in Sweden in 1952 as a new method of stabilising wood(Crumlin-Pedersen, 2002, p. 70); the method similar in concept to earlier methods; is the replacement of the water in the wooden part being exchanged for PEG. Read the explanation of this method in (Crumlin-Pedersen, 2002, p. 70).The first steps in experimenting with PEG did not happen until 1957/58 in Denmark. Crumlin-Pederson explains there is a distinguishable difference in state of the wood preserved pre and post 1962(Crumlin-Pedersen, 2002, p. 70). The conservation of the Skuldelev ships was to become the most complicated and resource hungry process in Danish archaeology to date(Crumlin-Pedersen, 2002, p. 71). 
It was decided to use PEG 4000 as the stabilising agent; as this particular version would give stability to the timbers which needed to be straightened after being bent and flattened under the stones heaped upon the ship before it was sunk(Crumlin-Pedersen, 2002, p. 71). There is not space to discuss the first use of the method of hot impregnation; (Crumlin-Pedersen, 2002, p. 72) less successful on larger timbers, with tangential shrinkage from 8% to 14%. Next the method of cold impregnation (Crumlin-Pedersen, 2002, p. 73)caused issues that would not become visible until years after the treatment was ended, with splitting and shrinkage. A new conservation method using Butanol was tried next. According to Crumlin-Pederson PEG was not suitable for larger pieces, many of which were still waiting in August 1970 for conservation or in some cases re-conservation from the alum process (Crumlin-Pedersen, 2002, p. 74). From wreck 3 there were frames, bulkhead and the large cleft stem (Crumlin-Pedersen, 2002, p. 74) yet to be conserved. A failure of the PEG 4000 process was, an inability to penetrate undegraded wood cells(Crumlin-Pedersen, 2002, p. 74). Butanol was discovered to remove the risk of cell collapse and could be removed from the wood by a safer method to the wood of sublimation compared with the riskier method of evaporation(Crumlin-Pedersen, 2002, p. 74). Crumlin-Pederson describes a part of the process of handling this poisonous and flammable liquid; “while holding one’s breath”(Crumlin-Pedersen, 2002, p. 75). Not sure whether we should be impressed by the dedication or appalled by the madness of it. 
Crumlin-Pederson concludes that at the end of any conservation process that there is likely to be discussions on the levels of successful conservation(Crumlin-Pedersen, 2002, p. 75), that the results from recent investigations yielded interesting results. Nowhere in this next section does Crumlin-Pederson clearly state whether the lessons learnt, failures and successes would alter future decisions if faced with the same or similar conservation needs.                      
      

Publication and Dissemination
Viking ship museum of Roskilde was officially opened in June 1969. This  journey had begun in 1962; when it was realised the number of vessels and their state of preservation would make them worth exhibiting to the public. This was reinforced by the fact the five wrecks represented different styles of vessel; unknown up to this point in time. 
What followed were the necessary considerations; exhibit all five vessels together or not, display them with inserted replacement timbers for the missing ones or not(Crumlin-Pedersen, 2002, p. 82). It was decided to display them as they were; supported within a framework of slender lathes as a cradle. These were to also serve the additional purpose of showing the vessels strake lines from stem to stern and port to starboard(Crumlin-Pedersen, 2002, p. 82). The space necessary for such a large exhibition was the next consideration. The National Museum in the centre of Copenhagen was considered and dismissed due to insufficient space. Brede north of Copenhagen; where the conservation was taking place was dismissed. It had no maritime environment(Crumlin-Pedersen, 2002, p. 82). The Viking Fortress of Trelleborg was dismissed for the same reason. After considering building it on an artificial island constructed upon cofferdam in the Roskilde fjord, dismissed due to cost, limited seasonal access for tourists and staff during winter. The two final choices were between two towns on the fjord; Frederikssund and Roskilde. Roskilde was successfully chosen according to  Crumlin-Pederson because of an ‘enterprising’ mayor(Crumlin-Pedersen, 2002, p. 83) large tourist footfall and the offer to pay for the exhibition hall to be built.       

Replica construction
Wreck 3 due the well-preserved nature of its hull and the elegance of the stem, was to have a prominent position in the exhibition hall. The original stem was displayed near to wreck 3 and a new one constructed for it. It is interesting that it had been decided not to insert new timber replacements, yet this was done(Crumlin-Pedersen, 2002, p. 82). The restoration process started with the keel; and as there were no 1:10 scale drawings, only original 1:1, or a model workshop it would become a process of trial and error(Crumlin-Pedersen, 2002, p. 90). There is much written about this process, and I am not able to do it justice here. Henrik Juel has written a book detailing the reconstruction of Skuldelev 3 during the years 1983-4. 

The story of Skuldelev 3 and the other vessels found with it is fascinating. From the sheer variety of vessels uncovered, the trial and error nature of the early investigation methods of using scuba cylinders, fire hoses, air-lifts, the use of a viewing platform built for the public. The use of fire hoses in place of trowels seems inspired and reckless. When timbers were transported to Brede in 1958 for conservation, the linseed oil/ paraffin and the alum method were still being used; almost a hundred years since they had first been used, PEG had just begun. The conservation and re-conservation process would go on for many years; flaws would be found in each before proceeding to the next.  A little surprised at the causal way Crumlin-Pederson describes conservators handling the timbers amid a poisonous gas and ‘holding their breath’. The siting of a purpose-built exhibition space for the vessels; the wrangling between rival towns for where it should be built; felt this had more impact than the space allowed for in the book.         
    







[bookmark: _GoBack]
Reference
Crumlin-Pedersen, O., 2002. The Skuldelev ships: topography, archaeology, history, conservation and display. 1: Ships and boats of the north, Ships and boats of the North. Viking Ship Museum, Roskilde.

