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Abstract 
 
On April 24, 1917, the Imperial German submarine U-35 commanded by "Ace of Aces" 

Lothar von Arnauld de la Perière, sank four merchant ships of various nationalities, all under 

British charter, three off Sagres, Algarve, Portugal, and a fourth off Praia da Luz, Lagos.  

Near the 100 years anniversary of this episode of World War I, the CINAV – Portuguese Navy 

Research Centre, based at Naval School in Alfeite, initiated in 2014 a research project around 

its historiography, the wrecks allegedly corresponding to the ships sunk by U-35.  

Regarding the historiography of the episode, we will research for the historical context, the 

episode and its protagonists, in it multinational and multicultural dimension, as well as the 

Portuguese naval defensive capability.  

Regarding the wrecks, we will research them as material testimonies, research for the 

technology of steam as a potential chronological marker, and thus try to establish the 

relation wreck-to-ship.  

By the articulation of these two sides of the research, we intend to draw a clear picture on 

the event, and on these wrecks, frequently visited by recreational divers of different 

nationalities, returning this cultural heritage at local, national and even international 

community in the form of historical vector, cultural and identity, through a proposal to 

fruition as part of its safeguarding. 

 

 

 

 

Keywords: U-35, Lothar von Arnauld de la Perière, World War I, SS Torvore, SS Nordsöen, SS 

Vilhelm Krag, brigantine Bieneimé Prof. Luigi 
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I Introduction 
 
This field report, intends to record the historiographical and archaeological research 

conducted during 2014, that Portuguese Navy Research Centre (CINAV), developed on the 

Imperial German Submarine U-35 mission, from 31 of March to 6 of May 1917, that brought 

her to the South coast of Portugal. There, on 24 of April 1917, the U-35 sunk four ships off 

Sagres and Lagos, three steamers and a sailing vessel, two Norwegian (the SS Torvore and 

the SS Vilhelm Krag), one Danish (the SS Nordsöen) and one Italian (the brigantine Beinaimé 

Prof. Luigi). 

 

The project main objectives are: 

 

1. Historical research of this particular U-35 mission; 

2. Contribute to the knowledge of the Imperial German submarine war in the WWI; 

3. Historical and Archaeological research on the four ships sunk by U-35 in 

Portuguese waters; 

4. Locate the Italian brigantine Bieneimé Prof. Luigi1; 

5. Survey the three steamers; 

6. Scientifically identify the three wrecks alleged as the three steamers; 

7. Study the naval propulsion technology on the three wrecks; 

8. Contribute to “The Stroke Project”; 

9. Propose a fruition, divulgation and safeguarding model to these wrecks. 

 

Taking the Project Objectives in consideration, we developed both historical and 

archaeological researches that allow us to have now a clear and deep view on the U-35 

mission context and how Imperial submarines operated back in 1917, a very different way 

from that in the beginning of the War. 

The research allowed us to draw the U-35 mission, since the departure from the Adriatic 

Naval Base of Cattaro (Monte Negro), on the 31th of March, till its return and arrival at 

Cattaro on the 6th of May 1917. 

1 RUSSO, Jorge - The Stroke Project. NAS Newsletter. [Online]. January (2013), Umpdated n/d [Consulted 3 
ofMarch 2015]. Available at:<http://www.academia.edu/2398403/The_Stroke_Project> 
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During the research we identified, in the United States of America, one U-35 crew member 

descendent, Richard Berger’s grand-nephew Allan Hunt, that allowed us to know important 

information and to a very notable set of U-35 and its crew photographs. 

Researching for the U-35 mission to the South of Portugal, also allowed us to know what real 

naval capabilities had the Portuguese Navy during the war, and specifically in that area. 

 

During 2014, we developed four field periods, one weekend in May, one week in late August 

and the beginning of September, one weekend in November, and another in December. 

On the 27th and 28th of May, we tried to locate the Italian brigantine, on a joint operation 

with EMEPC – Estrutura de Missão para a Extensão da Plataforma Continental (Portuguese 

Continental Shelf Extension Project), on board the Portuguese Navy Hydrographic ship NRP 

Gago Coutinho, using the deep water ROV Luso. To locate the sailing vessel, we used the 

coordinates from the U-35 War Diary (Kriegstagebuch)2, and looked for anomalies, using the 

NRP Gago Coutinho’s Multibeam equipment, then the ROV on the targets acquired. 

Between the 30th of August and 7th of September, we surveyed the alleged SS Torvore’s 

wreck, off Sagres, and were able to identify and determine the true position of the wreck 

corresponding to the SS Nordsöen. The team also made an exploratory single dive in the 

alleged SS Vilhelm Krag’s wreck, off Lagos. 

On the 22th and 23th of November, we conducted an extensive multibeam survey, in the 

three wrecks alleged to correspond to the steamers. 

On the 5th and 6th of December, we went back to the alleged SS Torvore’s wreck, in order to 

confirm some details missed in the first extensive September’s survey. 

 

To survey the alleged SS Torvore, we had to test methodologies, as we did not found in the 

“State of the Art” bibliography, any paper or publication detailing the survey methods on a 

deep wreck corresponding to an iron or steel steamer, with remarkable verticality. The point 

is that we do not believe the possibility of using trilateration and control points in a 260 feet 

long, more than 30 meters deep metal steamer’s wreck, as is the case of the alleged  

SS Torvore (27-34 m) and SS Vilhelm Krag (39-45 m). 

 

2 SM U-35 War Diary - "SM U-35 Kriegstagebuch" [Manuscript]. 1917. Available at Bundesarchiv, Freiburg, 
Germany.  
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The historiographical state of the art is extensive and very detailed, covering the macro-

history of the WWI, in a way that we could never expect to achieve. Some micro-history is 

yet to research and be written. We believe that is the micro-history that can allow us to fully 

understand Portugal in the WWI, away from the traditional and conservative view of the 

Belgium trenches and Africa theatre. 

In archaeology, in what concerns to this kind of wrecks and chronology, we think that is yet 

much to do. In the Portuguese context, we only know about the alleged Lidador3 and 

Oakfield4 in the Azores Islands, the Thermopylae5 in Cascais, the gunboat Faro in Lagos, and 

very recently the British Cargo Steamer SS Dago6 off Peniche. 

Internationally, the scenery looks better but not sufficient. We would like to highlight the 

pioneer work on the SS Xantho7, from Australia, with its always very sophisticated and up to 

date archaeological approaches8, after 30 years of the recovering of the her steam engine, 

We also would like to highlight the actual projects developed by BSAC diving clubs, 

University of Southampton, and the Nautical Archaeology Society, on The Ship’s Project at 

Plymouth Sound9, or the recent NOAA on the U.S.C.S.S. Robert J. Walker10. 

In the wreck identification methodologies, we pay special attention to the O’Shea’s11 

Bayesian Theorem approach12, Ahström’s method13, and in the case of the alleged SS 

Torvore, we followed and tested the forensic proposal of VanZandt, HSIM (Historic 

3 MONTEIRO, Paulo - O naufrágio do vapor Lidador na ilha Terceira, Açores (1878): relatório preliminar. Al-
madan online. [Online]. II série, nº 15 (2007). Umpdated n/d [Consulted 6 of March 2014]. Available 
at:<http://issuu.com/almadan/docs/almadan_online_15/22> pp. 1-2 
4 BOMBICO, Sónia - Relatório Final dos Trabalhos Arqueológicos realizados no âmbito da Construção da Marina 
de Ponta Delgada (Ilha de São Miguel – Açores) - Terminal Marítimo e Reestruturação da Avenida Mar. 
ARCHEOCÉLIS, 2008. 
5 FIALHO, António, et al. - Thermopylae - História do Clipper mais veloz do mundo. Cascais. Câmara Municipal de 
Cascais, 2009 
6 RUSSO, Jorge - From Wreck to Ship: the case of British merchantman SS Dago (1902). International Journal of 
Nautical Archaeology. 43, 1 (2014), pp 192-195 
7 MCCARTHY, Michael - Iron and Steamship Archaeology - Sucess and Failur on the SS Xantho. New York. Kluwer 
Academic/Plenum Publishers, 2000 
8 Museum, Western Australian - Broathurst Family, an extraordinary group [Online]. Fremantle. Updated n/d 
[Consulted 13 of September 2014]. Available at <http://museum.wa.gov.au/explore/broadhurst/ss-xantho-
shipwreck> 
9 Promare - The SHIPS Project [Online]. Plymouth Sound. Updated n/d [Consulted 13 os September 2014]. 
Available at <http://www.promare.co.uk/ships/> 
10 DELGADO, James P. - Identification of the Wreck of the U.S.C.S.S. Robert J. Walker off Atlantic City, New 
Jersey - Perliminary Report. Silver Spring, Maryland. NOAA’s Office of National Marine Sanctuaries, 2013. 
11 O'SHEA, J. M. - The Identification of Shipwreck sites: a Bayesian approuch. Journal of Archaeological Science. 
31, (2004), pp. 1533-52 
12 Thomas Bayes (1701-1761). Bayes theorem relates current probability to prior probability 
13 AHLSTROM, Christian - Looking for Leads: Shipwrecks of the past revealed by contemporary documents and 
the archaeological record. University of Alaska Press, 1997 
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Shipwreck Identification Method)14, adding the steam naval technology analysis from the SS 

Dago’s Project15. 

This will be the first time that, in Portugal, this methodology will be employed in a wreck 

identification exercise. 

 

This “innovation” is caused, in our opinion, because the archaeological community has not 

yet being committed with this kind of material heritage and testimony, focusing instead, on 

the great discovery’s vessels and chronology. 

Palmer had identified this scenery early in 1982, “the early history of steam shipping has 

received little attention from maritime historians except by way of contrast with steam’s 

later spectacular development or as a means of demonstrating the resilience of the sailing 

ship as a mode of transport”16. 

Moreover, that was mentioned in the Scientific Conference on the Occasion of the Centenary 

of World War I Recommendations, held at Bruges, Belgium, 26 and 27 of June 2014, where 

the word “apathy”17 was used in the characterization of the actual sate of the WWI cultural 

submerged heritage. 

 

In 2014, we already tested some of the fruition and safeguarding aspects of the Project. One 

of which is oriented to deeply involve the local community. Not only the obvious diving 

community, but specially the local truism industry, as a way of prepare the near future 

economic return, that we see as a key element for not only the success, but for the 

sustainability of the Project, and this kind of projects. We believe that this aspect is 

neglected very often in archaeology. 

To do that, our Project sponsor and partner, the municipally of Vila do Bispo, did not simply 

pay for the teams food and accommodation. It was proposed to the local hotel and 

14 VANZANDT, David M. - A Systematic Method for the Identification of Historic Era Shipwrecks. Adelaide, South 
Australia. Flinders University, 2009. Master's thesis,  
15 RUSSO, Jorge - From Wreck to Ship: the case of British merchantman SS Dago (1902). International Journal of 
Nautical Archaeology. 43, 1 (2014), pp 192-195 
16 PALMAR, Sarah - The Most Indefatigable Activity: The General Steam Navigation Company, 1824-1850. 
Journal of Transport History. III, 1 (1982), pp. 1-222 
17 UNESCO - SAFEGUARDING THE WORLD’S UNDERWATER CULTURAL HERITAGE -  Scientific Conference on the 
Occasion of the Centenary of World War I Recommendations [Online]. Umpdated n/d [Consulted 8 of March 
2015]. Available at 
<http://www.unesco.org/new/fileadmin/MULTIMEDIA/HQ/CLT/images/UCH_Conference_Recommendations_
Bruges2014.pdf> 
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restaurants, to accommodate and fed a team and a Project, and was explained to them the 

history behind, and how and why that history is they local heritage. The response, was the 

full adherence in an astonish way. The team was accommodated in two local hotels, at much 

reduced or any cost, and had lunch and dinner, at more than 14 different restaurants, each 

of them very committed to warmly welcome the team. We had lunch and dinner at so 

different restaurants as a fishermen’s tavern, family style restaurants, state of the art 

historical inn such as Pousada do Infante, or the very exquisite Italian cuisine restaurant at 

the top Martilhal Beach Resort. We believe this as very significant, not because the team 

was extraordinary well accommodated and nourished, but because it was possible to 

introduce an historical and archaeological theme to the local economy and make it adhere 

energetically. This proofs beyond any doubt that worth it to invest and wage the local 

community to logistically support scientific projects. This project was very well supported 

and very well supported the local economy, perfect symbiosis. We believe that from that 

day, this project is their project as well. 

The Vila do Bispo Municipally implemented an extensive media communication program. 

The result was very good, with two of the three Portuguese televisions covering the project 

in prime time TV news, and dozens of newspapers articles, international, national and local. 

The field season was preceded with an article on the Portuguese edition of the National 

Geographic Magazine18, on the ROV mission, that proud us all very much. 

 

 

 

 

 

 

 

 

 

 
18 SALGADO, Augusto and RUSSO, Jorge - Os usos do Luso, August 2014, National Geographic 
Magazine, Lisbon, 2014 
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II Methodology 

 

1. Historiographical 

 

As historical context for the U-35 mission, and in this early stage of our investigation, we 

used mainly two monographs19 and 20. These monographs allowed us to build a clear picture 

on the Imperial German submarine modus operandi, since the beginning of the war, till the 

1917 mission, and also the Prize Regulation issue, critical to understand the way U-35 sunk 

the four ships off Sagres and Lagos. 

To reconstruct the U-35’s mission, we used her War Diary (Kriegstagebuch)21, the Imperial 

War Museum Guide to the movie Der magische Gurtel /Then Enchanted Circle (1917)22, and 

both the German and British versions of the movie made with filming on board of the U-35, 

during that exact mission in 1917, an incredible historical source23 and 24. 

 

In order to characterize the sunken ships, we looked manly to the Lloyd’s Register of 

Shipping, in the chronological series of their existence, and the Danish Ship’s Register25. 

These series was particularly relevant in the case of the SS Vilhelm Krag, because her last 

name was never on the Lloyd’s records, as she was sunk in the same year that she was 

renamed. We had to reconstruct her entire life, to understand her characteristics and 

specifications. 

19 VICENTE, Cristino Castroviejo - Submarinos Alemanes en la Gran Guerra 1914-1918. Madrid. Almena 
Ediciones, 2004 
20 GIBSON, R. H. and PRENDERGAST, Maurice - The German Submarine Warfare 1914-1918. Londres. Naval & 
Military Press in association with The Imperial War Museum, no date 
21 SM U-35 War Diary - "SM U-35 Kriegstagebuch" [Manuscript]. 1917. Available at Bundesarchiv, Freiburg, 
Germany. 
22 First World War U-boat - A Guide to the Video (Der Magische Gurtel (The Enchanted Circle) (1917) and The 
Exploits of a german Submarine (U.35) Operating in the Mediterranean (1919). London. Lloyd's Register of 
Shipping on behalf of the Imperial War Museum, 2000 
23 DER MAGISCHE GÜRTEL. Imperial War Museum Catalogue number GWY 784. 1917, [Consulted 15 Of 
November 2014]. Available at <http://www.iwm.org.uk/collections/item/object/1060008290> 
24 THE EXPLOITS OF A GERMAN SUBMARINE (U-35) OPERATING IN THE MEDITERRANEAN. Imperial War 
Museum Catalogue number IWM 560. 1919, [Consulted 15 of November 2014]. Available at 
<http://www.iwm.org.uk/collections/item/object/1060023104> 
25 Officiel Fortegnelse Over Danske - Krigs - OG Handelsskibe: ALFABETISK REGISTER OVER HANDELSSKIBENE. 
Copenhaga. Royal Denmark Archive, January 1911 
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To validate that these ships were those sunk in 1917 off Sagres and Lagos, we checked the 

Lloyd’s War Losses26, and yes, they all had entries there. Some of them still appeared in the 

Lloyd’s Register of Shipping, after being sunk, to avoid German war propaganda, and were 

being registered in the War Losses Register at Lloyd’s, as seen. 

Characterize and know the specifications of the ships, is critical for the identification of 

wrecks, and to the VanZandt forensic approach we will implement, as historical, antemortem 

data analysis. 

 

We managed to locate an U-35’s crew member (Richard Berger) descendent, an American 

citizen, Allan Hunt, that gave us relevant information on the destiny of his Grand-Uncle after 

the war, as also an important set of photographs of him on board of the U-35. 

 

 

 

2. Archaeological 

 

2.1 Survey methodology 

One problem that arises immediately, when facing a wreck, corresponding to a metallic hull 

steamer, is what survey methodology should we implement, and what resolution to set. 

To wrecks of classical and modern era ships, the underwater survey methodology is robustly 

consolidated, for ships of iron or steel, of contemporary chronology, it is not. In our view, 

the cause lies in the lack of interest shown by the scientific and academic community around 

these ships and chronology. This lack of interest implies the existence of very small number 

of works where methodologies has been tested, and where weaknesses and gaps has been 

identified, on the process of adaptation of the classical and modern chronology 

methodologies to the contemporary wrecks. 

Therefore, we propose a survey mythology and resolution, adequate to the specific material 

context of contemporary iron or steel steamers, wrecked above 30 m of depth, as was the 

case of the methodology applied in the alleged SS Torvore. 

 

26 Lloyd's War Losses - The First World War - Casualties to Shipping Trough Enemy Causes 1914-1918. Lloyd's Of 
London Press, Ltd., 1990.   
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As for the wreck allegedly corresponding to the SS Nordsöen, the survey was limited to 

merely graphic dimension of the area, since the apparent salvaged, articulated with the 

action of the sea on the wreck, reduced it to a very little significance and very low, or none 

informative potential (Figure 1), with no notable features identified. 

 
Figure 1 – Aspect of the alleged SS Nordsöen (Photo: Augusto Salgado) 

 

All the three wrecks (steamers), were surveyed by a multibeam sonar RESON Seabat 7101, 

owned and operated by the company Subnauta. The data was postprocessed by the 

HYDROCONSULT SARL manufacturer technician, Benoit Fraleu. From Subnauta, we had the 

following team: Pedro Caleja, Renato Caçoete and Pedro Duarte. The geographic data, was 

validated by a land RTK station, operated by João Encarnação, also from Subnauta. 

  

Regarding the survey of the alleged SS Torvore, we took into account: 

 

• The survey objectives; 

• The identification of the relevant features, like bow and stern, total length, beam, 

engine, boilers and condenser; 

• Resolution; 

• Method of surveying. 
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In this case, the major objective was only to register the notable outline of the wreck, plant 

and profile, port and starboard. To do that, we divided the wreck in three parts: 

a) Stern to engine; 

b) Engine and boiler; 

c) Boiler to bow. 

Each one of the these segments had their own resolution, in order to test the most 

adequate, as follows: 

 

a)  3 feet 33/8 inches (1 m); 

b) Offset to both sides, from the engine and boiler ends; 

c) 9 feet 107/64 inches (3 m), except the first two Base Line points, of 3 feet 33/8 inches 

(1m) 

 

The survey method was a Base Line (BL) and offset. The BL was set with a cable marked with 

stations each 3 feet 33/8 inches (1 m), or each 9 feet 107/64 inches (3 m), depending on the 

segment (Figure 2). 

 

 

 

 
Figure 2 – Base Line and 30 m (98 feet 57/64 inches) point – Photograph by Augusto Salgado 
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From each BL station, we measured Direct Distances (DD) (Figure 3) to the periphery of the 

wreck (T), port and starboard. We registered depths in both BL and T, and in the bottom (B) 

immediately below T. 

All the depths were always calibrated to the Lowest Astronomical Tide (LAT) 

 

 
Figure 3 – Measuring Direct Distances (DD), between the Base Line (BL) and the periphery of the wreck (T) 

 

With the DD and T, we determined the Projected Distances (DP) trough the Pythagoras 

Theorem (Figure 4): 

 

DD = hypotenuse (a); 

The difference of depth between T and BL = cathetus (b) 
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Figure 4 – Stern-Engine Base Line, offset, T’s and B’s 

 

 

As we know, depth is influenced by tides, and that is why we can’t simply use uncalibrated 

depths in our surveys. One same point, will register different depths during the same dive, 

crescent or decreasing, depending on the high tide or low tide. So, none of these depths are 

usable if not calibrated to the LAT, Hydrographical Zero. 

This is especially relevant in very long dives like those we did on the alleged SS Torvore, with 

bottom times longer than 90’, and run times of about 150’. 

The following depth calibration was successfully tested in the XVII century wreck site of Vale 

de Frades27 and on the SS Dago28, both in Portugal. 

 

 

 

 

 

27 PIÇARRA, Helena, et al. - VF04 – Vale de Frades – Lourinhã: Relatório dos trabalhos de 2007. Lourinhã. GEPS, 
2007. 62 pages 
28 RUSSO, Jorge - SS Dago - De destroço a navio - Aqueografia Comparativa: Relatório à DGPC. Lisboa. 2012. 60 
pages 

 

C =        a2 (DD between BL e T) - b2
 (T-BL or BL-T, always positive) 
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2.2 The Lowest Astronomical Tide (LAT) calibration system 

To calibrate depths, we selected a Point Zero (P0). The alleged SS Torvore wreck P0, was set 

in the middle of the engine’s low-pressure cylinder. 

On the P0, we registered Maximum and Minimum Depths, in order to determine and use the 

Medium Depth, and Run Time, both at the beginning and end of the dive. 

 

The First P0 ever registered, at the beginning of the first ever dive, is then LAT calibrated to 

future reference. 

In the next dives, the difference between the P0 and the Initial reference calibrated P0 

(ΔP0), will determine the coefficient of calibration on any depth measured, taking in to 

consideration the Run Time. 

 

The initial P0 LAT calibration system developed and used, was as follows: 

 

2.2.1 The rule of twelfths 

 

Tide Tables give us low and high tide levels, for a specific port, day and time. In 

Portugal, the Instituto Hidrográfico publishes the Tide Tables29. 

Using the rule of twelfths on Tide Tables, we can determine the Lowest Astronomical 

Tide for a specific time, day and port, knowing that tides evolve the following way: 

 

1/12 on the first hour 

2/12  " " Second hour 

3/12 " " Third hour 

3/12 " " Fourth hour 

2/12 " " Fifth hour 

1/12 " " Sixth hour 

Table 1 – The rule of twelfths 

 

 

29 http://www.hidrografico.pt/previsao-mares.php 
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To Sagres and Lagos, we needed to use the Tide Table for the port of Lagos, on 1 of 

September 2014, 10h55 UTC+1, when we first measured P0 depths. 

 

Data: 2014-09-01 Port: Lagos 
 Summer Legal Hour (UTC +1)  (m) 
 Monday, 2014-09-01 00:42    1.09  Low-tide 
 Monday, 2014-09-01 07:04    2.87  High-tide 
 Monday, 2014-09-01 13:04    1.18  Low-tide 
 Monday 2014-09-01 19:28    2.80  High-tide 

 

Table 2 – Tide Table for the port of Lagos, on 1 of September 2014 

 

On the beginning of the first ever dive (Run Time = 08h04), P0 depth was: 

 

P0 Max = 24,9 m 

P0 Min = 25,0 m 

P0 Med = 24,95 m 

 

The difference between High-tide and Low-tide was 2,87 m – 1,18 m = 1,69 m  

 

Using the Table 1 and the rule of twelfths: 

 

08h04, one hour after the Low-tide = 1/12 

09h04, two hours after the Low-tide = 2/12 

10h04, three hours after the Low-tide = 3/12 

11h04 (10h55 is closer to 11h04 than to 10h04), four hours after the Low-tide = 3/12   

Total = 9/12 

 

So: 

09/12 = 0,75 x 1,69 m = 1,2675 m 

 

We than should subtract 1,2675 m to the Low-tide value of 2,87 m (See Table 1) = 1,6025 m 

As P0 was registered 24,95 m (P0 MED) – 1,6025 = 23,348 m 

 

Reference LAT Calibrated P0 = 23,348 m. 
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From this point onwards, any depth will be subtracted or added with the difference between 

the P0 measured in the beginning of the dive, and the Reference LAT Calibrated P0 (ΔP0). 

 

In what concerns the survey software, we tried Site Recorder 4, but the software did not 

worked for us and for this methodology. SR4 has an offset tool, but do not consider the 

possibility of a non-linear Base Line (BL) like ours, that goes up and down through the wreck 

layout. 

To solve the problem, we used Google SketchUp30 software, to draw the resulting survey 

model. 

In order to analyse the success or failure of this survey methodology, we overlaid the 

“Sketchup model” to the multibeam sonar survey result, as detailed discussed in the Analysis 

and Discussion section of this report. 

 

 

2.3 Wreck Identification Method 

From the four ships sunk by U-35 24 of April 1917, off Sagres and Lagos, we tried to identify 

two of the alleged corresponding wrecks, during the 2014 field season: SS Nordsöen and SS 

Torvore. 

The SS Nordsöen was a big confusion among local Dive Centres, which indicated different 

wrecks as the possible last resting place of the SS Nordsöen. 

Because we had the image of the stranded SS Nordsöen, on the German version of the film31 

produced with the images shot from the U-35, we had a very good and viable view of the 

coast line where the ship was finally sunk (Figure 5), it was clear that we should compare it 

with a current time photograph of the same cost line, and make a comparison of the 

geomorphologic crests, in order to identify the specific location of the sinking. 

The method was clearly adequate, especially when we dived the spot and saw that the 

existing wreck was most probably heavily salvaged and there was none notable structures to 

work with. 

 

30 http://www.sketchup.com/ 
31 DER MAGISCHE GÜRTEL. Imperial War Museum Catalogue number GWY 784. 1917, [Consulted 15 of 
November 2014]. Available at <http://www.iwm.org.uk/collections/item/object/1060008290> 
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Figure 5 – Foundered SS Nordsöen and the explosive charge’s detonation - from the DER MAGISCHE GÜRTEL 

 

 

The identification method on the alleged SS Torvore wreck, was completely different, as the 

historic research brought us a very rich set of documents, some from primary sources, and 

the wreck is very rich in material testimonies, with a complete set of machinery in the engine 

room, and cargo. 

To identify the wreck, meaning, to establish the relation Wreck-to-Ship, we followed the 

forensic approach adapted and proposed by VanZandt32, harmonized with the methodology 

developed and applied in the case of the British cargo steamer SS Dago, sunk off Peniche, 

Portugal, by a Focke-wulf 220 Condor, during the WWII33. 

The engine room and its machinery allowed us to determine terminus post quem34, for the 

engine and boiler, that allowed us to compare the material with the historic testimonies, 

namely with Lloyd’s Register of Shipping35. 

Additionally, we measured the upper cover cylinders diameters, in order to compare it with 

the internal diameters known from the Lloyd’s Register mentioned. To achieve a rigorous 

32 VANZANDT, David M. - A Systematic Method for the Identification of Historic Era Shipwrecks. Adelaide, South 
Australia. Flinders University, 2009. Master's thesis,  
33 RUSSO, Jorge - From Wreck to Ship: the case of British merchantman SS Dago (1902). International Journal of 
Nautical Archaeology. 43, 1 (2014), pp. 192-195 
34 RUSSO, Jorge - A Tecnologia do Vapor Naval como Contributo para a Arqueologia Náutica e Subaquática. Al-
Madan - Dossiê "Arqueologia e Património Industrial". IIª Série #19 Jan. (2015), pp. 124-133 
35 Lloyd's Register of Shipping: Steamers, Sailing Vessel, and Owners. London. Vol. I,  TOR-TOS. Lloyd's Register 
of Shipping, 1916-1917. Entry N.º 951, Torvore 
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measurement, we used a big calliper ruler, designed and build for the SS Dago (Figure 6), in 

inches to limit the error of convert the measurements from metric to imperial. 

 

 
Figure 6 – Measuring the upper cover cylinder diameters on SS Dago, using a specially designed calliper ruler: 

Photograph by Armando Ribeiro 

 

The main boiler was analysed the same way as the engine, meaning, to determine possible 

terminus post quem, and to compare with the known ship specifications, namely 

Dimensions, Typology and Furnaces (Figure 7). 
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The vertical tube Donkey Boiler was not analysed, because the documents did not refer 

anything but the working pressure and its existence on the SS Torvore36, the alleged 

corresponding ship. 

 

 
Figure 7 – Measuring the wreck’s main boiler: Photograph by Augusto Salgado 

 

Lastly, we measured the total length and the maximum width of the wreck, by the engine-

room, to compare it with the length and breadth of the candidate ship, and analysed the 

cargo. 

 

 

 

 

 

 

 

 

36 Idem 
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2.4 The David VanZandt’s37 HSIM (Historic Shipwreck Identification Method): 

VanZandt’s HISM, considers the adapted application of forensic methods usually used to 

identify bodies in common graves, where DNA analysis are not available, with the help of 

forensic Anthropologists and Archaeologists. 

 

Adapting these forensic methods, VanZandt established the following: 

 

1. Postmortem data (PM): from the wreck; 

2. Possible ship identities selection; 

3. Antemortem data (AM): from the ship; 

4. PM/AM comparison; 

5. Wreck identification (Positive, Inconclusive, or Negative). 

 

With the following premises from the Scientific Method: 

 

1. Problem Formulation: What is this wreck’s ship? 

2. Research; 

3. Hypothesis; 

4. Hypothesis testing; 

5. Data analysis and Conclusion; 

6. Results divulgation. 

 

In order to identify the ship corresponding to the alleged SS Torvore’s Wreck, we compared 

the following AM (Ship) and PM (Wreck) data categories: 

 

 

 

 

Table 3 – AM/PM comparison categories. Adapted from VanZandt38 

37 VANZANDT, David M. - A Systematic Method for the Identification of Historic Era Shipwrecks. Adelaide, South 
Australia. Flinders University, 2009. Master's thesis, p. 15 
38 Idem, p. 20 

Construction, Machinery and Equipment 

Chronologies 

Cargo 

Locations 
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We then build a Comparison Results Table: 

Table 4 – AM/PM Comparison Results Table. Adapted from VanZandt39 

 

 

Lastly, we build an Identification Matrix: 

 

Wreck Identification Matrix 

Candidate ship  

Date  

AM/PM Comparison Categories Results 

Construction, Machinery and Equipment  

Chronologies  

Cargo  

Locations  

Final Identification Result 
1 – Positive Identification: all classified as 1 

2 – Inconclusive Identification: all or some classified as 2 

3 – Negative Identification: all or some classified as 3 

 
Table 5 – Wreck Identification Matrix. Adapted from VanZandt40 

 

 

 

39 Idem, p. 24 
40 Idem, p. 25 

AM/PM Comparison Results Table 

Insufficient historical and/or archaeological data 0 

Sufficient historical and/or archaeological data, with none incongruences and/or 

discrepancies known or detected 
1 

Insufficiently consistent historical and/or archaeological data 2 

Clearly insufficient and/or inconsistent historical and/or archaeological data 3 
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2.5 Searching for the Italian brigantine Bieneimé Prof. Luigi 

For the SS Torvore, SS Nordsöen and SS Vilhelm Krag, we had alleged wrecks, but not to the 

Italian brigantine Bieneimé Prof. Luigi. 

This is natural, considering that her wreck must lie at about 650 m deep, according to the U-

35 War Diary coordinates. The fact is that the Italian brigantine’s wreck was never searched 

before. 

Facing this facts, we looked for the heavy and very expensive logistics to look for a wooden 

ship at 650 m deep, more than 10 miles off Cape St. Vincent. 

In May this was possible, on an opportunity mission with the EMEPC – Estrutura de Missão 

para a Extensão da Plataforma Continental (Task Group for the Extension of the Continental 

Shelf), aboard the NRP Gago Coutinho (Figure 8), using the ROV Luso. This was the first time 

that a ROV was used to search for a cultural and historical wreck in Portugal. 

 
Figure 8 – The NRP Gago Coutinho (http://www.hidrografico.pt/nrp-almirante-gago-coutinho.php) 
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2.5 Dive profile and configuration 

The SS Torvore and SS Vilhelm Krag, lies more than 30 m deep, reaching more than 40 m 

deep in the second one. 

This places the immersions outside the scope of recreational diving. This fact is justified 

because in the context of recreational diving, those depths imply a bottom running time of 

not more than 20' and 9' respectively, to respect the NDL41 proposed by PADI to those 

depths using air. Even with the use of EAN3242, wherein the NDL was 30' and 16' 

respectively, whereas the respective EAD43 was 24,4 m and 33 m respectively, with partial 

pressures of oxygen of 1.28 and 1.60 respectively. In the case of 40 m is not advised the use 

of mixture so rich, except in contingency planning. Not to mention the gas consumption and 

what implies in terms of bottom running time and total dive time, even with no 

decompression. 

These limitations are a conditioning deterrent on developing the amount of work that a 

wreck that scale, about 80 m long, implies. 

Therefore the option was the Closed Circuit Rebreather (CCR), commonly referred as 

Rebreather (Figures 9.1 and 9.2). In this configuration and this particular wreck, the 

conditioning gas is “never” the bottom gas, but always the bailout gas, planned and carried 

depending on the desired total running time. 

  
Figure 9.1 e 9.2 – CCR divers configuration (Photographs by Augusto Salgado) 
 

41 No-Decompression Limit 
42 Enriched Air Nitrox, 32% Oxygen in this case 
43 Equivalent Air Depth 
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In the case of the alleged SS Torvore, we planned 90’ bottom time dives, about 140’ total 

running time, including decompression, using the following profiles (Table 6). The dive 

planning took in consideration the amount of work and the total number of days available (5 

days), with single dives per day possible. 
 
Diving profile 
 
Dec to 34m  (1) Diluent Air 0,40 SetPoint, 30m/min descent. 
Level 34m  88:52 (90) Diluent Air 1,25  SetPoint,  30m ead 
Asc to 15m  (92) Diluent Air 1,25 SetPoint, -9m/min ascent. 
Stop at 15m   0:53 (93) Diluent Air 1,25  SetPoint,  6m ead 
Stop at 12m   4:00 (97) Diluent Air 1,25  SetPoint,  2m ead 
Stop at 9m   7:00 (104) Diluent Air 1,25  SetPoint,  0m ead 
Stop at 6m  29:00 (133) Diluent Air 1,25  SetPoint,  0m ead 
Surface   (133) Diluent Air -9m/min ascent. 
 
Off gassing starts at  21,8m 
 
OTU's this dive: 186 
CNS Total: 68,2% 
 

Bailout profile 
 

Dec to 34m  (1) Diluent Air 0,40 SetPoint, 30m/min descent. 
Level 34m  88:52 (90) Diluent Air 1,25  SetPoint,  30m ead 
Asc to 15m  (92) Air -9m/min ascent. 
Stop at 15m   0:53 (93) Air 0,52  ppO2,  15m ead 
Stop at 12m   9:00 (102) Air 0,46  ppO2,  12m ead 
Stop at 9m   7:00 (109) Nitrox 80 1,51  ppO2,  0m ead 
Stop at 6m  31:00 (140) Nitrox 80 1,28  ppO2,  0m ead 
Surface   (140) Nitrox 80 -9m/min ascent. 
 
Off gassing starts at  22,3m 
 
OTU's this dive: 183 
CNS Total: 68,9% 
 
889,4 ltr  Air 
1574,8 ltr  Nitrox 80 
2464,1 ltr  OC  TOTAL 
 

Table 6 – CCR dives profile 

 

As the Project co-coordinator Augusto Salgado does not have CCR certification nor training, 

he used a recreational configuration and PADI dive profiles, with EAN32. 
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In this wreck we used a decompression station, with 9, 6 and 3 m stops (Figure 10), the last 

one not used because of the possible waves. 

 

 

Figure 10 – Decompression station, 9 m stop (Photograph by Manuel Anselmo) 

 

To secure the decompression station on the surface, we used two large orange balloons 

(Figure 11), connected to the descent cable, but with a detachable system that allow divers 

to disconnect from the descent line and decompress adrift, in case of strong current, being 

easily and closely accompanied by the boat. 

 

Figure 11 – Decompression station surface balloons (Photograph by Augusto Salgado) 
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At the wreck of SS Nordsöen, that lies no more than 20 m deep, the option for the all team 

was recreational air profile. It is a very scattered wreck with not much left to survey and 

record. 

 

At the alleged SS Vilhelm Krag, the deepest of all three, the option was obviously CCR as to 

SS Torvore. We did a single recon dive in 2014, without the presence of the recreational 

diver and Project co-coordinator Augusto Salgado. 

 

Notwithstanding the core team of the project consists of Rebreather divers, endowed with 

previous experience in work of this nature and chronology, the project encourages and 

welcomes the integration of other complementary members. In fact, this integration is seen 

as very fruitful in the context of openness to the community, and the multidisciplinary, given 

that the team has been supplemented by elements with very different experiences and 

professional background. 

 

 

2.6 Artefacts recovered from the alleged SS Torvore wreck 

From the alleged the SS Torvore wreck, we recovered two artefacts: U-35T001 and U-

35T002. 

U-35T001 is a lantern from one of the Side Lights (Figure 12). 

 

Figure 12 – Lantern U-35T001 in situ (photograph by Augusto Salgado) 
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The lantern was recovered with a net bag and inflatable diving balloon, in order to a 

controlled and safe ascent (Figure 13). When on the surface, was immediately submerged in 

salt water in an adequate container and transported to Lisboa to conservation. 

 

Figure 13 – Recovering the lantern U-35T001 (Photograph by Augusto Salgado) 

 

U-35T002, is one parallelepiped “block”, allegedly of coal, from the large amount that can be 

found on this wreck, possibly from the ship’s cargo (Figure 14). 

The “block” was brought to surface by divers and on the surface, and immediately 

submerged in salt water in an adequate container. 

As we will see on the Discussion, we collected a very small sample from the “block”, in order 

to conduct a Micro organic analysis to determine its composition. 

 

Figure 14 – Possibly the ship’s cargo (Photograph by Augusto Salgado) 
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We decided to produce high digital resolution digital 3D digital models to both artefacts. This 

way we do not need to further handling which contributes to the artefacts safeguarding. 

To produce the “block” Digital 3D model, we followed the “Seville international principals on 

Virtual Archaeology”44. 

Till the present day, it was not possible to produce the lantern 3D model, because the 

Underwater Archaeology National Agency (CNANS/DGPC) did not made it available.  

The “block” was photographed in studio, with artificial and controlled lights, using a 

contrasting background, on the 360º of the artefact. This way we photographed, in each of 

the photogram, at list on upper and side surface. From our experience, to a small block like 

this one, this is the best way in order to guaranty a full photograph alignment, better than to 

try to produce a digital 3D model from photographs covering small parts of the object. 

We photographed each side at a time, produced two independent models, and then merged 

them together in a complete 3D model (Figure 40, page 64). 

 

To produce this final model, we used 48 high-resolution photographs in RAW format, using a 

Mirrorless Reflex Olympus OM E-M5, each one of them with 15 MB. Each RAW was exported 

to jpg, with 300 dpi resolution, resulting in images with 7 MB. 

The digital 3D modelling software used was Agi Photoscan PRO, which aligned all the 48 

photographs uploaded (100%). From this alignment, the software produced 3.660 points, a 

cloud of 45.461.485 points, and a digital 3D model with 8.536.682 faces and 4.272.879 

vertices, resulting on a 1,06 GB file. 

To produce the model, we spent 2 hours photographing, 15 hours processing and about 2 

hours post-processing: about de 19 hours, using a, i7, 16 GB RAM 2014 Mac Book Pro. 

 

 

 

 

 

44 Sociedade Espanhola de Arqueologia  Virtual - Principles of Seville - International Principles of Virtual 
Archaeology [Online]. Updated n/d [Consulted 4 of October 2014]. Available at 
<http://www.arqueologiavirtual.com/carta/wp-content/uploads/2012/03/BORRADOR-FINAL-FINAL-
DRAFT.pdf> 
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The sample for analysis (Appendix III) was collected to a sterilized small container (Figure 

15), and delivered to the laboratory in the Pharmacy Faculty, University of Lisbon. 

 

 

Figure 15 – Sample of the U-35T002 (Photograph by Jorge Russo) 

 

2.7 Locations 

We had three different sources relatively to the ships sunk by U-35 locations, off Sagres and 

Lagos. 

Two of them, indicated the Datum used (WS84): the geophysical survey and the diving 

industry. The third, the U-boat war diary, did not indicate the Datum. 

We cannot harmonize geographical coordinates with different Datum.  

Therefore, and due to this contingency, the only possible approach was to reduce the 

resolution of the coordinates indicated by the first two sources to the lower resolution of the 

third, the war diary U-35, in degrees and minutes. 

In the Discussion, we will compare these coordinates, degrees and minutes resolution. 
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III Results and Discussion 

 

1. Historical context 

 

The 1917 U-35 operation was a significant evolution compared with the way Imperial 

submarines operated in 1914. It was a real change of mentality. 

In the years before the conflict, neither Britain nor Germany considered, or even believed in 

the feasibility of using submarines in missions not escorted by surface ships. 

On the side of Germany, two key arguments since 1901: The head of the Imperial Navy 

(Kaiserliche Marine), Admiral Alfred von Tirpitz, considered that the geographical situation of 

Germany excused the need of submarines, and that Germany did not money to spend 

(waste) in experimental ships, it (luxury) was exclusive to countries like France or England. 

This was the thought of the Naval high ranks, despite the immense and intense naval 

development activity by Germany in the early twentieth century. 

On the side of Britain, trusting on scrupulous and "civilized" compliance of the "Prize 

Regulation" or "Prize Rules" grounded the opinion of the First Lord of the Admiralty, Winston 

Churchill, that no nation, Germany included, would violate that agreement. We shall address 

later on to the Prize Regulations issue and the way that influenced la Perière modus 

operandi, on the 24th of April 1917. 

 

The result of the contact between Imperial submarines and British warships would prove 

that both were wrong, and motivate a capital change in this view, that altered definitively 

the way of waging war at sea. 

Early in the conflict, Imperial submarines were destined to escorted missions, deployed on 

mooring buoys in the Helgoland islands, waiting for the British Grand Fleet, that was 

believed would go down the North Sea for the German coast invasion. It was thus a 

preventive and defensive mission. 

The first sign of change in strategy will take place on August 6th, 1914, when 

unprecedentedly, one U-boat unescorted formation is sent to the North Sea, as far as the 

Norwegian Orkneys islands. This Imperial submarines formation was constituted by the U-5, 

U-7, U-8, U-13, U-14, U-15, U-16, U-17 and U-18. 
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Not surprisingly, the first meeting between an imperial German submarine and the British 

naval force happened just two days later, off the Fair Islands, on the 8th of August. There, the 

U-15 fired a torpedo on the HMS Monarch, without success. In response, and the next 

morning, HMS Birmingham would cut in two the U-15. 

This result seemed to agree with German scepticism on the ability of the submarine weapon. 

On September 5th, 1914, the U-21 sunk the HMS Pathfinder, which became the first ship to 

be sunk by a torpedo fired from a submarine. That same month, on the 22th, U-9 sank no less 

than three Cressy class cruisers, HMS Aboukir, HMS Hogue and HMS Cressy, launched 

between 1899 and 1900. Just over a month later, on October 26th, the U-24 fired a torpedo 

on the first merchant vessel attacked without warning, the SS Amiral Ganteaume, that 

carried 2,500 Belgian refugees, 40 of whom lost their lives. "Handelskrieg", the German war 

on merchant shipping, had begun. 

 

It had begun a new era of naval warfare. The Germans gained confidence on their 

underwater weapon, the French and British employed antisubmarine resources on both 

navy and merchant fleets, especially when around 1915, losses of goods at the hands of 

German imperial submarines, became very worrying, following the German campaign 

against allied shipping, and in 1917, the implementation of indiscriminate war. 

It was in 1917 that for the first time was implemented the convoy system, an organized way 

of escorting, with navy ships, merchant ships sailing together. This would prove to be a very 

effective way on antisubmarine protection. 

 

1.1 Prize Rules 

It is not possible to fully understand the U-35 operation off Sagres and Lagos cost, without 

looking in to the “Prize Rules”. 

In a very short and shallow analysis, but adequate to the present objective, the  “Prize 

Rules”, results from a set of international regulations and agreements, as the 1856 

Declaration of Paris, 1899 and 1907 Hague Conventions, and other agreements signed in the 

very beginning of the XX century, based on the sailing era, before the generalization of the 

steam navigation. 
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The “Prize Rules”, dictated that passenger ships could not be sunk, and merchant vessels 

only if and when their crews were placed on safety, considering the lifeguards only suitable 

for this, in the proximity of land. 

On the other hand, Germany considered for the purposes of naval warfare, that the 

prohibited war contraband included the so-called "relative", in addition to the obvious 

objects directly related to the war. “Relative” items included raw and technological materials 

eligible for military use, and, even basic necessities such as food for human use, liquid or 

solid. For this purpose and with this “Relative” king of cargo, any ship proceeding from or 

heading to an enemy port, was halted and sunk, independently from her flag. 

Germany adhered to these conventions, but suspended its adherence by declaring 

indiscriminate war on shipping in 1917, ordered the attack without warning. 

Nevertheless, it seems that la Perière, always observed that international determination, for 

sure during the day of 24th of April 1917. 

 

 

1.2 U-35 mission: 31th of March - 6th of May, 1917 

The imperial German submarine SM U-35, commanded by Lothar von Arnauld de la Perière, 

(1886-1941), called the "the ace of aces", because he is until the present day, the 

commander that accounts for the largest volume of ships sunk, in tonnes, left the Imperial 

naval base of Cattaro (Kotor) on the Adriatic, current Monte Negro, on the 31th of March 

1917. 

 

At the beginning of the mission had several problems in the batteries45, and was even 

attacked by an enemy submarine torpedo46, managing to escape unharmed. Nevertheless, 

performed a long oceanic mission of about 5,551 nautical miles, of which 321 was 

submerged, on a total of 36 days, during which sank 20 steamers, 3 sailboats, a total of 

67,989 tonnes, 16 of which from enemy countries (12 British and 4 Italians), and 7 of which 

registered in ports of neutral countries (3 Greeks, 2 Norwegians, 1 American and 1 Danish). 

Also stopped for inspection, 10 neutral flag vessels (8 Spanish, 1 Greek and 1 Norwegian), 

45 First World War U-boat - A Guide to the Video (Der Magische Gurtel (The Enchanted Circle) (1917) and The 
Exploits of a german Submarine (U.35) Operating in the Mediterranean (1919). London. Lloyd's Register of 
Shipping on behalf of the Imperial War Museum, 2000, p. 117 
46 It was not the French submarine mention by Lowell, THOMAS: 2004, which attacked the U-35 on 6 of 
November 1917. 
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that were allowed to continued. Throughout this operation, he fired all his 9 torpedoes, of 

his 105 mm gun ammunition, he fired 541 of the originals 564,  and used 9 explosive 

charges, causing 44 fatalities 47. 

On the night of 12th of April, the U-35 crossed the Strait of Gibraltar towards the West, which 

brought him to the coast of Sagres and Lagos, and where on the 24th of April he sank 4 ships, 

3 steamers and 1 sail ship. It is this day that we will deal specifically, and which will be 

discussed in detail. 

 

8:50 a.m. 

U-35 halted for inspection the Danish steam freighter SS Nordsöen of 1,055 gross tons (See 

details of the ship in the Appendix II), travelling between Bergen (Norway) according to the 

monograph of the Imperial War Museum48, but between "Adrassan" (Ardrossan, Scotland, 

United Kingdom?) according to the War Diary of U-3549, and Genoa (Italy) with a cargo of 

herrings. The Imperial War Museum monograph refers to "herrings in barrels" 50, however, 

the submarine’s War Diary mentions only "herrings"51. 

Besides steaming with neutral flag, she was operating under British charter, so the ship's 

crew was ordered to abandon ship and head to shore, and the submarine's crew placed 

explosive charges on the ship that did not explode, or at least, didn’t sink the ship52. 

Meanwhile, the U-35 was involved in combat with the only Portuguese ship that was 

defending the Portuguese South coast between Cape St. Vincent and Lagos, a steam tug 

named Galgo, (See characteristics in the Appendix II), commissioned on the 27th of 

September 1916 for the war effort, owned by Júdice Antonio Fialho, and registered for this 

new rule in the port of Lagos on 7th of October that same year53. This fight did not produce 

consequences for both ships. Galgo’s cannon-revolver "Hotchkiss" of 37 mm, with just up to 

47 First World War U-boat - A Guide to the Video (Der Magische Gurtel (The Enchanted Circle) (1917) and The 
Exploits of a german Submarine (U.35) Operating in the Mediterranean (1919). London. Lloyd's Register of 
Shipping on behalf of the Imperial War Museum, 2000, pp. 130 and 131 
48 Idem, p. 126 
49 SM U-35 War Diary - "SM U-35 Kriegstagebuch" [Manuscript]. 1917. Available at Bundesarchiv, Freiburg, 
Germany. 
50 First World War U-boat - A Guide to the Video (Der Magische Gurtel (The Enchanted Circle) (1917) and The 
Exploits of a german Submarine (U.35) Operating in the Mediterranean (1919). London. Lloyd's Register of 
Shipping on behalf of the Imperial War Museum, 2000, p. 126 
51 SM U-35 War Diary - "SM U-35 Kriegstagebuch" [Manuscript]. 1917. Available at Bundesarchiv, Freiburg, 
Germany. 
52 Idem 
53 - "Rebocador "Galgo", História e caracteristicas do Navio" [Manuscrito]. 1916-1919. Acessível em Biblioteca 
Central de Marinha, Arquivo Histórico, 264, N. de Ordem 5, 5-XII-8-2 
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2 nautical miles of range, was no match for the U-35 one (or two?) 105 mm deck gun, with a 

range over 15 nautical miles. 

We do not know how many 105 mm deck guns U-35 had in this mission in particular. The 

Imperial War Museum monograph, mentions one, but a photograph allegedly of the U-35 

whose date is unknown and we couldn’t determine, show her equipped with two deck guns 

(Figure 16). 

Maybe we can get the answer to this question from the French armed steam freighter 

report, SS Caravellas (see ahead for the sinking of the SS Vilhelm Krag), who was involved in 

a gunfight with the U-35. In this report, the commander of the French steamer, draw the U-

35's profile, representing her with just one piece on the bow, "90 or 100 mm."54. 

 

 

Figure 16 – U-35 at Brioni (Richard Berger’s family album, courtesy of his grand-nephew Allan Hunt) 

54 Pages 14-18 Fórum [Online]. Updated s/d [Consulted 28 Of February 2014]. Available at <http://pages14-
18.mesdiscussions.net/pages1418/Forum-Pages-d-Histoire-aviation-marine/marine-1914-1918/caravellas-
chargeurs-compagnie-sujet_277_1.htm> 
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While the SS Nordsöen drifted and grounded on the coast of Sagres, after the first attempt 

to sink her with demolition charges, U-35 halted for inspection another steamer, this time 

the 1,667 gross tonnes Norwegian steam freighter SS Torvore (see features in the Appendix 

II) carrying under British charter a cargo of locomotive coal, between Swansea (Wales, UK) 

and Naples (Italy). 

 

9:15 a.m. 

SS Torvore was sunk with explosive charges, after his crew had abandoned the ship. 

After the SS Torvore, U-35 turned his attention to three Spanish steam freighters, halted 

them with a gun salvo, inadvertently hitting one of them with the loss of a life and causing 

one injure. They were the SS La Castreja, SS Cataluña and the damaged SS Triana. All of 

them were released after inspection. 

 

10:40 a.m. 

Off the Praia da Luz, at Lagos, U-35 halted for inspection the 3,716 gross tonnes Norwegian 

steam freighter Vilhelm Krag (see characteristics in the Appendix II), heading in ballast from 

Genoa (Italy) to Barry (Wales, UK). Because she was under British charter, although empty, 

was sunk by gunfire (Figure 17). 
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Figure 17 –U-35 sinking a steamer by deck gunfire. © IWM (Q 24071) 

 

Meanwhile, exchanged gunfire with the French armed steam freighter SS Caravellas. 

SS Caravellas, had been built in steel in 1893, in the shipyards Ateliers et de la Chantires 

Loiure at Saint-Nazaire, France. It was 102.40 m long and 12.80 m breadth, displacing 3,240 

or 3,127 gross tons, according to the different sources. The engine room was equipped with 

a compound triple-expansion steam engine of 1,460 HP, allowing her 11.8 knots maximum 

speed. 

It was commission as “Auxiliary Ship” (Navire auxiliaire) in Brest on the 25th of December 

1914, returning to "civilian life" on the 8th of July 1918. In 1929/30 was dismantled in Japan. 

Its armament consisted of a 47 mm gun according to some sources, taking about 202 

ammunition, or two 90 mm, one aft and one in the bow, according to others55. 

For 30 minutes were fired from Caravellas 18 shots towards the U-35. She responded with 4 

or 5 shots at a rate of 1 shot every 4 minutes, having abandoned the fight in order to save 

ammunitions. 

55 Idem 
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The exchange of fire took place off Lagos, in position 37 0'00 N - 08º 45'00 W, while the SS 

Vilhelm Krag awaited her fate, as she had been halted by the U-35, apparently before the 

confrontation with Caravellas, and was sunk after the U-35 have abandoned the fight with 

the French steamer. 

The Caravellas issued an SOS for SS Vilhelm Krag, and claims to have had a radio 

conversation with the "CTT" station, in French, transcribed as follows: 

 

Caravellas: - Allo de FMB 

Estação: - Nous vous écoutons 

Caravellas: - Passé cinq fois “allô” 37º00 N 08º45 W. A 11h24 Caravellas sauvé. Vapeur 

norvégien W.L.R.M coulé. 

Estação: - Reçu 

Caravellas: - Quelle este votre station? 

Estação: - Comment se fait-il que vous ayez la TSF si vous êtes dans une petite embarcation 

d’un bâtiment de commerce? 

Caravellas: - Ici pas petite embarcation. Vapeur français CARAVELLAS 

Estação: - Geh zum Teufel (German exclamation, which means something like "Go to hell!"). 

 

Communication broke off here. 

Since the U-35 Commander noted in his War Diary56 to a radio conversation with Caravellas: 

 

 “10:40 (…) Another steamer, East of Lagos, heading West, we opened fire. By radio it turned 

out to be the French Caravellas. He responds to the fire with their guns. We give up the 

chase to save our ammunition. (…)” 

 

It seems that the French steamer was wrong to think he was in contact with land, being so, 

after all, talking to the commander of U-35. 

 

After the sinking of SS Vilhelm Krag, U-35 halted the Spanish steam freighter Elvira, that was 

released after inspection. 

56 SM U-35 War Diary - "SM U-35 Kriegstagebuch" [Manuscript]. 1917. Available at Bundesarchiv, Freiburg, 
Germany. 
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01:30 p.m. 

As we have seen, the SS Nordsöen had run aground on the coast of Sagres, after the first 

explosive charges placed by the U-35 crew did not have exploded. The U-35 returned to the 

steamer, and the submarine’s crew set a new series of explosive charges and finally sank it 

(Figure 5). 

 

02:15 p.m. 

After sinking the SS Nordsöen, U-35 halted for inspection the Spanish steamer Italica, also 

released after inspection. 

 

04:10 p.m. 

About 10 miles Southeast of Cape St. Vincent, it was the time for the Italian brigantine 

Bienaimé Prof. Luigi. She was halted, inspected, and with a load of 398 tons of kaolin, was 

sunk with explosive charges, after her crew had left the ship in the lifeboat towards Sagres. 

The U-35's crew also recovered 900 litres of drinking water from the Italian sailboat. 

Sailing between Fowey (Great Britain) and Genoa (Italy) under enemy flag, its sinking was 

independent of its cargo, freight origin, or destination. 

After these four sinking, on which we will look also from a material point of view, the U-35 

headed north, along the Portuguese coast, to return and cross the Strait of Gibraltar on the 

night of 25th of April, returning to naval base of Kattaro, where she arrived on the 6th of May 

(Figure 18). 
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Figure 18 –U-35 navigation, West of the Strait of Gibraltar (Inphography by Jorge Russo) 

 

During this mission, the U-35 took on board, at least one camera operator, who recorded on 

film the whole operation, when the sea state or military operations enabled him. This 

camera operator recorded the bursting of the second series of explosive charges in the SS 

Nordsöen (Figure 5), which allowed us to identify the exact location of its sinking. 

Unfortunately did not record the sinking of the other steamers or of the Italian brigantine, 

due to the already mention presence of the Galgo. 

The film has two versions, a German57 and a British58. The British edited after the war as an 

allied propaganda, the opposite of the German propaganda of the original version. 

This film is a very important historic document, as it shows clearly the operations of an 

Imperial German submarine during the Great War. 

 

 

Naval defence of the coast between Cape St. Vincent and Lagos 

It is irresistible an image of apparent tranquillity and security, that this mission of the U-35 

transmits, which makes us wonder about the Portuguese capacity to defend that coastline, 

57 DER MAGISCHE GÜRTEL. Imperial War Museum Catalogue number GWY 784. 1917, [Consulted 15 of 
November 2014]. Available at <http://www.iwm.org.uk/collections/item/object/1060008290> 
58 THE EXPLOITS OF A GERMAN SUBMARINE (U-35) OPERATING IN THE MEDITERRANEAN. Imperial War 
Museum Catalogue number IWM 560. 1919, [Consulted 15 of November 2014]. Available at 
<http://www.iwm.org.uk/collections/item/object/1060023104> 
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and why the French and English naval forces, usually anchored in Baleeira, Sagres (Figure 

16), had not acted. 

As a starting point, the notion that the Portuguese naval resources were, at the time, totally 

unsuitable and insufficient to face any German submarine threat, with a complete lack of 

men and anti-submarine equipment. The commission of private ships, was the first response 

to the material aspect, volunteers from the merchant and fishing fleet, as well as military in 

reserve, was the answer to human resources59. Still, they played only a defensive role. 

In fact, the Portuguese naval resources were only the small and already mentioned steam 

tugboat Galgo (Figure 19), poorly armed, who defended the coastline between Cape St. 

Vincent and Lagos; an armed trawler and the gunboat NRP Lúrio. In addition, Britain had in 

Sagres two destroyers and an auxiliary cruiser, and France two submarines, the Ampere and 

the Papin, and one minesweeper60 (Figure 20). 

 

We have seen that Galgo confronted the U-35, but with the limitations of their weapon, so 

instead of preventing or sink the U-35, she dedicate her efforts in collecting the castaways of 

the sunken ships, and transport them to shore. From the armed trawler, we did not have any 

news. 

Apparently, these Britain and French naval resources weren’t at Baleeira or nearby, and the 

U-35's behaviour on this day, indicates us the absence of threats beyond the Portuguese 

steam tugboat Galgo. Note the necessary tranquillity to sunk the SS Nordsöen, with the 

second set of explosive charges. Eventually, this was also the result of a quality work of 

intelligence from Germany and/or the submarine. 

 

59 SALGADO, Augusto and RUSSO, Jorge - Submarinos Alemães na Costa Portuguesa: O Caso do U-35. 
COLÓQUIO INTERNACIONAL "A GRANDE GUERRA UM SÉCULO DEPOIS". Academia Militar. 2014, In press  
60 Idem  
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Figure 19 – The Portuguese steam tugboat Galgo61. 

 

 

Figure 20 – British and French naval resources at Baleeira, Sagres. The British minesweeper Algenib, and the 
French submarine Papin62. 

 

61 Hemeroteca Digital - Ilustração Portuguesa. [Online). 6 of August (1917), pp. 115. Updated n/d [Consulted 25 
of Janueary 2015]. Available at:<http://hemerotecadigital.cm-
lisboa.pt/OBRAS/IlustracaoPort/1917/N598/N598_item1/P17.html> 
62 Idem 

Page 45 
 

                                                           



Projet U-35 - 2014 Field Season Report 

Finally, just a note about the fact that it would be the same commander, Lothar von Arnauld 

de la Perière, now on the U-139 command, sinking the converted mine-sweeper Augusto 

Castilho on the 14th of October 1918, which mission was also filmed, and the sinking was 

recorded63. 

 

1.4 Richard Berger 

During our historiographical investigation, it was possible to locate a relative of a 

crewmember from U-35, which according to him, was on the submarine in this mission. 

It was through this relative, Allan Hunt, an American citizen, that we learned about Richard 

Berger (Figures 21-25) as a crewmember of the U-35, and his immigration to the United 

States, along with his wife after the war. Was also through him that we were able to collect 

an important photographic collection related to Berger’s. 

 

 

 

Figure 21 – Richard Berger (Courtesy from his grand-nephew Allan Hunt) 

 

 

63 RTP. 1918, [Online]. Available at 
<http://www.rtp.pt/noticias/index.php?article=757114&tm=4&layout=122&visual=61> 
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Figure 22 – Richard Berger in 1916 (Courtesy from his grand-nephew Allan Hunt) 

 

Based on Allan Hunt’s testimony, we learned that Richard Berger served in the U-35 as 

Obersteuermann (Navigator)64, including during the mission that concerns to us and led her 

to the south coast of Portugal. We could not securely determine, the responsibilities of an 

Obersteuermann, however, it seems to have had responsibilities for the navigation, and 

being a sergeant of significant ability, experience and merit64. 

According to Yves Dufeil65, the uniform worn by Richrad Berger in some of the photographs 

(Figures 23 and 24) confirm him as an Obersteuermann66. 

According to Allan Hunt, his relative would also have been the top scorer of U-35, coming 

from the surface fleet. That is, based on this testimony, fragile source of course, and not 

64 U-Boat Archive [Online]. Updates n/d [Consulted 1 of March 2015]. Available at 
<http://www.ubootarchiv.de/ubootwiki/index.php/Obersteuermann> 
65 http://www.histomar.net/CV.htm 
66 Personal communication: 2015 
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supported by any document, it may have been Richard Berger to target and sink the SS 

Vilhelm Krag, the only one of the four ships sunk by U-35 on 24 of April 24, by artillery. 

 

 

Figure 23 – Richard Berger at the U-35 stern (Courtesy of his grand-nephew Allan Hunt) 
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Figure 24 – Richard Berger loading ammunitions on U-35’s deck (Courtesy of his grand-nephew Allan Hunt) 

 

Still based on the photographs kindly sent by Allan Hunt, there’s a particular one, allegedly 

distributed by flotilla of submarines to the crews, an "official" picture (Figure 25), it was 

possible to determine the possible U-35’s crew for 1916, based on Hunt’s legend (Table 7). 
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Figure 25 – U-35’s crew in 1916, according to Allan Hunt  (Courtesy of Allan Hunt) 

 

N.º Name N.º Name 

1 
Lothar Von Arnauld La Perière 

 (U-35 Captain) 
7 Albert Neumann (KUK) 

2 Otto Launburg 8 Ochner 

3 Horst Obermuller 9 Richard Berger (Tio-avô de Allan Hunt) 

4 Hans Fechter 10 Ratjens 

5 Wolfgang Stein Bauer 11 Lehners 

6 Koch (KUK) 12 Karl Kettelhut 

Table 7 – U-35’s crew in 1916, according to Allan Hunt 

 
(KUK) = Austro-Hungarian Navy 
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Based on a primary source67, we also know that after the war, Richard Berger, born in 

Dresden, Germany, and his wife Nina Berger, born in Entin, Germany, the daughter of Ernst 

Ehrig and sister of Walter Coursen, immigrated to the United States America through New 

York, on the 21th of March 1923. 

In fact, they are listed in the manifesto of the passengers who arrived that day the United 

States of America, with the numbers 11 (Richard) and 12 (Nina), he with 31 and she with 29, 

declared as married, he as an officer of Customs and she as a maid, both knowing how to 

read. 

When they departed to the United States, they lived in Preetz, Germany and have embarked 

in the port of Hamburg towards New York, on the 10th of March 1923, aboard the SS 

Mongolia (Figure 26), with the tickets paid by Nina's brother, Walter, who was living at 

Broad Channel in New York. Both reported never having been before in the United States. 

At the entrance, they were declared in good health and showed no physical or mental 

disability, both measuring 5 feet and 5 inches tall, he with brown hair and eyes, she with 

blond hair and grey eyes. 

In the same manifest of passengers, in the entry on the reason for the visit to the United 

States, the word "Uncertain" was written. 

 

 

 

Figure 26 – The SS Mongolia (Statue of Liberty - Ellis Foundation, Inc.) 

 

67 "List or Manifest of Alien Passengers for the United States Imigration Officer at Port of Arrival, SS Mongolia, 
New York, 21 of March 1923" [Manuscript]. 1923. Available at The Statue of Liberty - Ellis Foundation, Inc., 
Passangers List 
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2. Wreck identification – Correlation Wreck-to-Ship 

As we saw in Methodology, in 2014 we only tried to identify two of the four wrecks of our 

project, they were the SS Nordsöen and SS Torvore. 

The methods employed were different between them, because of the material 

differentiation. SS Nordsöen, possibly salvaged, so without any noticeable structures, SS 

Torvore, very rich in material information, so, a perfect candidate for archaeological analysis, 

for the definition of chronological markers, and the application of VanZandt’s forensic 

methodology referred earlier. 

 

2.1 The SS Nordsöen 

The impossibility of a profound and extensive material analysis, to provide the information 

necessary for the wreck identification, sought between historical data, forced us to base our 

wreck identification trough historical evidences and geomorphologic analysis. 

As the sinking of the ship, with the second explosive charges, was registered on the German 

film68 whose images were taken that day, and being the coast area where this occurred very 

clearly identifiable, the morphology of the cliff was analyzed and the respective 

geomorphologic ridges compared with a present day photograph (Figures 27-29). 

 

Figure 27 –  The explosive charges exploding on the SS Nordsöen, captured on the German version of the film 

68 DER MAGISCHE GÜRTEL. Imperial War Museum Catalogue number GWY 784. 1917, [Consulted 15 of 
November 2014]. Available at <http://www.iwm.org.uk/collections/item/object/1060008290> 
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Figure 28 – Present day photograph of the same cliff (Photograph by Augusto Salgado) 

 

When we compare the geomorphologic ridges on both images (Figure 29), the result 

obtained leaves no room for doubt as to the exact area of the sinking of the SS Nordsöen. 

 

 
Figure 29 – Geomorphologic ridges analysis (by Tiago Dores) 

 

When we add to this, that on that site there’s a wreck corresponding to a metal ship (Figures 

30 and 31) seems robust to state the location corresponding to the SS Nordsöen’s wreck. 

Moreover, the coordinates on the U-35 War Diary69: N 37º2'0 8º54'0 W, are consistent with 

the following coordinates, if reduce the smaller resolution, i.e. degrees/minutes. 

Thus, we established that the existing wreck immediately east of the "Ponta-dos-Caminhos", 

in position WGS84 37º1'23,19 '' N 8º54'24,31 '' W corresponds to SS Nordsöen. 

 

69  SM U-35 War Diary - "SM U-35 Kriegstagebuch" [Manuscript]. 1917. Available at Bundesarchiv, Freiburg, 
Germany.  
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Figure 30 – SS Nordsöen wreck  (Photograph by Augusto Salgado) 

 

 
Figure 31 – Team member inspects the SS Nordsöen wreck (Photograph by Augusto Salgado) 
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2.2 The SS Torvore 

Unlike the wreck of the SS Nordsöen, the alleged SS Torvore wreck, is very rich in material 

evidences. The SS Torvore, it is also very rich in historic documents. Therefore, the historical 

and archaeological data provides a rich analysis, thus constituting a remarkable case to 

identify the wreck by the forensic methodology proposed by VanZandt, mentioned in 

Methodology. 

We will look in to the ship (antemortem) and in to the wreck (postmortem), covering the 

following aspects: 

 

 

 

 

 

 

a) Construction, Machinery and Equipment 

In the Lloyd's Register of Shipping 1917 entry for SS Torvore70, we learned that she was built 

in 1882, in iron, with a well deck, 257.4 feet long and 34.6 feet breadth. 

Had a compound double-expansion steam engine, with the following cylinder diameters: the 

high-pressure of 33 inch, and low-pressure 61 inches. The engine was fed by a 4 plane 

furnace, 75 square feet grid, and 75 psi boiler. The deck machinery was powered by an 

auxiliary vertical boiler (Donkey Boiler) with 65 psi operating pressure, installed in 1895. It 

had also an atmospheric condenser. 

 

The wreck has great integrity, existing in a single continuous segment stern-bow (Figure 32), 

this way it is possible to measure the total length of the wreck, of about 260 feet (79 m). 

The larger section is at the engine room, in the middle of the wreck (Amidships), about 131 

feet 251/64 inches (40 m) from the Stern and bow: 34 feet (10.36 m).  

70 Lloyd's Register of Shipping: Steamers, Sailing Vessel, and Owners. London. Vol. I,  TOR-TOS. Lloyd's Regisr of 
Shipping, 1916-1917 

a)  Construction, Machinery and Equipment 

b)  Chronologies 

c) Cargo 

d) Locations 
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Figure 32 – Multibeam image on the alleged SS Torvore (Subnauta) 

 

In the engine room, the wreck has a compound double-expansion steam engine, receptor 

type (Figure 33): with the following cylinder diameters: the high-pressure of 44.1 inch, and 

low-pressure 69 inches (Figure 34). 

 
Figure 33 – The steam engine on the alleged SS Torvore wreck (Photograph by Augusto Salgado) 
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The engine has 12 feet 143/64 inches (3.70 m) long, and 5 feet 263/64 (1.6 m) high. 

Unfortunately, it is impossible to measure the total engine height, or the distance between 

the engine top and the engine crankshaft, two of the critical measurements to “The Stroke 

Project”71, as the engine is heavily cluttered. 

The distance between the bottom debris to the engine top is 5 feet 1055/64 inches (1.80 m). 

 
Figure 34 – Team members measuring the cylinder diameters (Photograph by Augusto Salgado) 

 

If John Riley was correct, so, if the stroke is in fact equal to engine height/6, the engine on 

the wreck must have 198 inches (5 m) high, knowing that the SS Torvore’s engine had a 

stroke of 33 inches (0.838 m). If the wreck is the SS Torvore, the engine is 5 feet 263/64 (1.6 m) 

cluttered from its base. 

 

The wreck has two boilers: one main cylindrical, return tubes boiler: 13 feet 923/64 inches 

(4.20 m) diameter, and 15 feet 53/64(4.70) m long (Figure 35), and, an auxiliary vertical 

tubular boiler (Donkey boiler) (Figure 36) 

71 RUSSO, Jorge - The Stroke Project. NAS Newsletter. [Online). January (2013), Updated n/d [Consulted 3 of 
March 2015]. Available at:<http://www.academia.edu/2398403/The_Stroke_Project> 
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Obviously is not possible to determine the working pressure of a boiler in a wreck, trough 

the material testimony, so we cannot compare it with the historic record. 

The number of furnaces was not possible to determine in the wreck, because as the engine, 

the boiler is also heavily cluttered. Only two furnaces were visible, so it is not a single 

furnace boiler. 

 
Figure 35 – Team members inspects the wreck’s boiler (Photograph by Augusto Salgado) 

 

 
Figure 36 – Auxiliary vertical tubular boiler (Donkey Boiler) (Photograph by Augusto Salgado) 

 

Because furnaces doors are in situ and closed, we cannot see if the wreck’s boiler has plane 

furnaces, as described in the Lloyd’s record. Nevertheless, a corrosion hole shows what 

Page 58 
 



Projet U-35 - 2014 Field Season Report 

apparently is a corrugated furnace. If that’s correct, the hypothesis is a Boiler replacement 

not registered in the Lloyd’s Register of Shipping. 

 

We can still see the quadrangular condenser (Figure 37): 9 feet 107/64 inches (3 m) long, and 

3 feet 75/16 (1.10 m) width. Without intrusion we cannot establish if this is an atmospheric 

condenser. 

 
Figure 37 – Condenser on the wreck (Photograph by Augusto Salgado) 

 

A final note to the reserve propeller indentified aft the engine (Figure 38). 

 
Figure 38 – Reserve propeller aft the engine (Photograph by Augusto Salgado) 
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Systematizing the historical and material data for Construction, Machinery and Equipment, 

we can build the following Table 8: 

 

 

Construction, Machinery 

and Equipment 
Historic (antemortem) Material (postmortem) 

Length 257 feet e 4 inches (78,435 m) About de 260 feet (79,25 m) 

Breadth 34 feet e 6 inches (10,52 m) About de 34 feet (10,36 m) 

Engine Compound, Double-expansion 
Compound, Double-

expansion, Receptor type 

Cylinder diameters 

(High-pressure/Low-pressure) 
33/61 inches 44/69 inches 

Table 8 – Comparison of antemortem (Ship-historic) and postmortem (Wreck-archaeological) Construction, 

Machinery and Equipment data 

 

 

Discussing these results: 

 

SS Torvore and alleged wreck Length and Breadth, corresponds. The greater width on the 

wreck, between the boiler and the engine, about 131 feet 251/64 inches (40 m) away from 

both the Bow and the Stern72, amidships, where was suppose to be, measures about 34 feet 

(10.36 m), if we consider only the hull and not the structure slides. 

The engine typology coincides between both historic and archaeological testimonies. Trough 

SS Torvore’s historic data we learned that her engine was a compound double-expansion 

engine, and the wreck has a compound, receptor type, double-expansion engine. 

The SS Torvore was recorded in Lloyd’s Register of Shipping with the following cylinder 

diameters: high-pressure of 33 inches and low-pressure of 61 inches. The upper covers 

diameter from the wreck’s engine measures: 44 inches and 69 inches, high-pressure and 

low-pressure respectively. In a correspondence, the upper covers diameter, external, must 

be larger than the internal diameter, what are registered in the Lloyd’s Register. 

 

72  Considering both Base Lines (Stern-to-Engine, and, Boiler-to-Bow) 
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The same coincidence occurs for boilers, between the historic and the archaeological 

evidence. The historical evidence shows us that the SS Torvore was fitted with two boilers, a 

cylindrical main boiler (Scotch Boiler), and an auxiliary vertical boiler (Donkey Boiler). The 

archaeological evidence, from the wreck, shows us exactly that, two boilers: one horizontal 

cylindrical, return tube boiler (Scotch Boiler), and an auxiliary vertical Boiler (Donkey Boiler). 

 

 

b) Chronologies 

The generalization of the Compound engine, takes place around 186073, especially the 

Receiver type, which is consistent with a ship built in 1882, as we know was the SS Torvore. 

This generalization, notwithstanding the first successful application of the Compound engine 

in the Henry Eckford, in 1824 in the United States, in 1830 in the Netherlands, and in Canada 

in 1845 with the Reindeer74, none of the Receptor type. 

 

The Scotch Boiler was first employed in a ship, on the River Clyde, in Scotland in 1862, more 

precisely on the SS Macgregor Laird 75, which is again consistent with a ship built in 1882. 

An interesting aspect relates to the fact that the historical evidence tell us that in 1917, SS 

Torvore had a plain furnaces in the main boiler, but the wreck appears to have corrugated 

furnaces, only developed in 1887 by Samson Fox76, chronology that is nonetheless consistent 

with the year of the sinking in 1917. 

Faced with a possible wreck-ship match, we hypothesized to have been a replacement of the 

original plain furnaces boiler, for a corrugated furnaces boiler, never registered at Lloyd's 

Register of Shipping, something we wonder, considering the reliability always associated 

with Lloyds and their naval records. 

 

 

 

73 ARMSTRONG, John and WILLIAMS, David M. - The Impact of The Early Steamship in Britain. St. John's, 
Newfoundland, Canada. N.º 47. International Maritime Economic History Association, 2011, p. 8 
74 LEWIS, Walter - The Novelty and the Compound Marine Engine in Central Canada1. The Northern Mariner/Le 
marin du nord. XIX, 4 (2009), pp. 413-424 
75 POWLES, Henry - Steam Boilers - Their History and Development. London. Archibald Constable & CO Ltd - 
Philadelphia J. B. Lippincott Company, 1905, p. 152 
76 ROWLAND, K. T. - Steam at Sea: A History of Steam Navigation. Devon. David & Charles: Newton Abbbot, 
1970, p. 155 
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c) Cargo 

The historical evidence shows us that the SS Torvore, was travelling under British charter 

between Swansea and Naples, carrying 1,800 tons of locomotive coal: "(...) in englischer 

Charter mit 1800 t Lokomotivkohle von Swansea nach Neapel (...) "77. 

The archaeological witness tells us that the cargo of the wreck was made, if not in whole, in 

part, of parallelepiped blocks of what appears to be compressed coal, something similar to 

briquettes (Figure 39). 

 

 
Figure 39 – Cargo on the wreck (Photograph by Augusto Salgado) 

 

We collected a sample from a block recovered, U-35T002, as mentioned in the 

Methodology. The sample was analysed at the Faculty of Pharmacy, University of Lisbon, by 

António Alfaia, Maria do Rosário Bronze and João Pedro Ferreira, whose results (Appendix 

III) indicates that these blocks were actually made of coal. 

Each of these blocks dimensions is about 23x13x10 cm (Figure 40). 

 

77 SM U-35 War Diary - "SM U-35 Kriegstagebuch" [Manuscript]. 1917. Available at Bundesarchiv, Freiburg, 
Germany. 
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Figure 40 – U-35T002 Virtual Digital 3D Model (by Jorge Russo) 
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d) Locations 

The historical evidence points us the location of the sinking of the SS Torvore, as the 

commander La Perière, records the coordinates in the War Diary of the U-35: "37 0'0 N 8 W 

54'0"78. 

When we compared these coordinates with those obtained from Subnauta Diving Center, 

and from the multibeam results from the wreck, we get the following results (Table 9). 

Note that we do not know which Datum was used in 1917, being the current coordinates in 

WGS84. Now it is known that you cannot compare geographic coordinates with different 

Datum, and expect to get high-resolution results. Thus, the current WGS84 were reduced to 

War Diary lower resolution, i.e. degrees and minutes, as the resolution of the 1917 

coordinates, as described in the Methodology. 

War Diary Subnauta Multibeam 

37º 0’0 N 8º 54’0 W 37º 01'0 N 8º 53'0 W 37º 01'0 N 8º 53'0 W 
Table 9 – Comparison of coordinates, both from the historic and archaeological evidences. 
 

All coordinates coincide, if we consider the error ray, resulting from the resolution (no 

seconds (60 ‘’ corresponding to 1 nautical mile). 

 

Analysed and discussed the historical and archaeological data, we are able to analyse the 

results on: Construction, Machinery and Equipment, Chronologies, Cargo and Locations, 

according to the forensic methodology proposed by VanZant, described in detail in the 

Methodology, using the Matrix from the Table 5, classifying each of the chapters elected for 

analysis with the results of the AM/PM comparison table, in Table 4. 

Table 4 – AM/PM Comparison Results Table. Adapted from VanZandt79 

78 Idem 

AM/PM Comparison Results Table 

Insufficient historical and/or archaeological data 0 

Sufficient historical and/or archaeological data, with none incongruences and/or 

discrepancies known or detected 
1 

Insufficiently consistent historical and/or archaeological data 2 

Clearly insufficient and/or inconsistent historical and/or archaeological data 3 
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Wreck Identification Matrix 

Candidate ship SS Torvore 

Date 5 de Março de 2015 

AM/PM Comparison Categories Results 

Construction, Machinery and Equipment 1 

Chronologies 1 

Cargo 1 

Locations 1 

Final Identification Result 
1 – Positive Identification: all classified as 1 

2 – Inconclusive Identification: all or some classified as 2 

3 – Negative Identification: all or some classified as 3 

1 
Table 5 – Wreck Identification Matrix. Adapted from VanZandt80 

 

 

 

 

 

 

 

 

 

 

 

 

 

79 VANZANDT, David M. - A Systematic Method for the Identification of Historic Era Shipwrecks. Adelaide, South 
Australia. Flinders University, 2009. Master's thesis, , p. 24 
80 Idem, p. 25 
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3. The survey method 

 

3.1 Offset and Base Line 

As we have seen in detail in the Methodology, the "remarkable periphery" of the wreck 

allegedly corresponding to the SS Torvore, was surveyed trough the deployment of two base 

lines (BL), and by measuring Direct Distances (DD), between BL points and the periphery of 

the wreck, to Starboard and Port. Depths were recorded on BL points, and, on the periphery 

of the wreck (T) 

In order to record the wreck’s starboard and port profiles, depths were recorded both on (T), 

and, on the respective bottom point (B) immediately below T. For each T, we recorded a B. 

All depths were calibrated LAT, applying the methodology described in the relevant chapter. 

Projected Distance (PD), were obtained by applying the Pythagorean Theorem, as described 

in Methodology. 

The results are shown in a table constituting the Appendix I. 

 

In order to validate this survey methodology, we overlapped it (Figure 41) with the 

geophysical model obtained by multibeam (Figure 42), whose results are shown below 

(Figure 43). 

As mentioned in the Methodology, we discarded the DP, Port of BL35, in the Base Line 

Boiler-Bow. 
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Figure 41 – SS Torvore wreck’s Model, obtained by offset and Base Line (Model by Paulo Carmo) 

 

 
Figure 42 – Multibeam of the SS Torvore’s wreck 
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Figure 43 – Comparison between the offset and Baseline model, and, the multibeam 

 

We see as very satisfactory the result of overlapping the offset and Base Line survey, and, 

the multibeam. 

On the starboard side of the Stern-Engine segment, we have some reservations regarding 

the results obtained in the first BL points, something that has to be checked in the next field 

campaign. 

It is observed that in three segments defined for surveying the wreck, Stern-Engine, Engine 

Room, and, boiler-bow, the "remarkable periphery", coincides between the survey method 

and the multibeam record. 

Special coincidence is observed in both engine and boiler. 

Outer limit 
Colapsed hull 

Collapsed beam 

Boiler 
Engine 

Stern 

Bow 

Mooring 
concrete block 

Auxiliary Boiler 
(Donkey Boiler) 
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As regards the boiler-bow segment, despite the use of a resolution (3 m), three times lower 

than for the Stern-Engine (1 m), the result obtained is also robust. 

Note that on the port side, near the bow, the diver preferred to record the periphery of the 

wreck, beyond the "remarkable periphery", represented by the two "T" (Figure 43). Here, 

what was recorded was the first notable edge of the wreck, the highest, with less depth, 

then the collapsed hull on the Port side of BL27 and BL18, as a test. 

Note that these landslides are very flat, and that the multibeam did not recorded it, except 

the clearly observable anomaly in the "T", in the port side of BL18, a failed mooring concrete 

block. 

It is also noted that, to starboard, in the boiler-bow segment, there’s clearly visible 

structures in the multibeam, that were not recorded with the Offset and Base Line method, 

since they are beyond the "remarkable periphery", i.e., divers involved, performed only what 

was asked for trough the methodological protocol defined, unlike what was done Port of 

BL27 and BL18. 

We would also point out that on the starboard side, in BL27, a collapsed beam was recorded 

by the diver evolved, at his own initiative. The coincidence between the survey method and 

the multibeam, also attests to the validity of this method. 

Finally, note that the differences between the Offset and Base Line survey method, and the 

multibeam, are smaller than the survey resolution chosen, 1 m or 3 m, which validates the 

method in our opinion. 

 

The profile results obtained with this methodology are more difficult to compare. The 

overlay, does not serve so well the discussion of results. So, we decided to try to compare 

the Offset and Base Line, and, the multibeam results, separately, and, port (Figures 44 and 

45) and starboard (Figures 46 and 47), also separately. 
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Figure 44 – Port side - Multibeam 

 
Figure 45 – Port side – Offset and Base Line – Model by Paulo Carmo 

 

Along the stern, there is a clear difference between both records. In the Offset and Base 

Line, the area marked by the red circle, is clearly higher than in the multibeam. 

After audition on the T and B recorded data, and the confrontation of the results with the 

survey team (team of divers), we did not detect any errors. The survey team, attested to the 

"big" verticality of the hull there. Thus, we would need to confirm that data in future field 

campaign. 

At the starboard side, what we have to point out is exactly what we pointed to port. 

 
Figure 46 – Starboard side – Multibeam 

 
Figure 47 – Starboard side – Offset and Base Line – Model by Paulo Carmo 

 

Stern Bow 

Stern Bow 
Engine Boiler 

Engine Boiler 

Bow Stern 

Bow Stern Engine Boiler 

Engine Boiler 
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3.2 Multibeam 

The SS Torvore, SS Nordsöen,and the alledged SS Vilhelm Krag wrecks, were surveyed using 

multibeam equipment, by the Subnauta company, based at Portimão, Algarve, Portugal. 

The results for the SS Torvore were already extensively discussed. The inexpressive remains 

for the SS Nordsöen, implies that they were not recorded by the multibeam (Figure 48).  

Just an anomaly nearby, marked with a circle, deserves a note. This anomaly will be checked 

in the nest field campaign. 

 
Figure 48 – Multibeam on the SS Nordsöen’s wreck area. Note the anomaly detected 

 

As only one recon dive occurred in the alleged SS Vilhelm Krag’s wreck (Figure 49), there’s 

nothing to discuss. 

This wreck, will be the main objective for the next field campaign 

 

 
Figure 49 – Multibeam on the alleged SS Vilhelm Krag’s wreck 
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3.3 Searching for the Italian brigantine Bienaimé Prof. Luigi 

The Project coordinators Augusto Salgado and Jorge Russo boarded the Portuguese Navy 

Hydrographic ship NRP Gago Coutinho, on the morning of 27th of May, from the Naval Base 

of Alfeite, Almada, Portugal. 

The NRP Gago Coutinho, does not exceeds 10 knots, since this ship was designed by the US 

for underwater search during the Cold War, that is, has a slow but silent propulsion, 

essential quality for mission for which it was designed and built. As a hydrographic ship, with 

geophysical capabilities, this feature is vital, along with the fact that it is therefore very 

economical in fuel consumption. This articulation makes this ship an excellent platform for 

these missions. 

We arrived around 23:00 at Sagres, and immediately started the geophysical detection 

search, in the area reported in the U-35 War Diary, with oriented north-south lanes, always 

with overlapping not less than 25% between lanes, using the ship multibeam echo sounder 

(Figure 50). 

 

 
Figure 50 – Multibeam on the NRP Gago Coutinho (Photograph by Jorge Russo) 

 

Page 72 
 



Projet U-35 - 2014 Field Season Report 

We used geophysics, even though the remote possibility of the detection of notable and 

clear targets, since the resolution of the multibeam is, at about 2,130 feet (650 m) deep, 

about 164 feet (50 m). This task was carried out throughout the night of the 28th, to try to 

detect targets and investigate them that morning, with the ROV Luso (Figure 51). 

 A total of four targets were selected to investigate with the ROV, three from the geophysics, 

and the coordinates from the U-35 War Diary. 

 

 
Figure 51 – The ROV Luso (Photograph by Jorge Russo) 

 

At 08:00, the ROV Luso started its relatively long descent down to 2,130 feet (650 m) deep, 

about 40'. 

Note that this ROV, the only one in the Iberian Peninsula of its kind,  has high resolution 

cameras and excellent optical, which in conjunction with the excellent lighting, produces a 

visual tracking, in real time, of high accuracy, from the control and operation room. 
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Even with the quality of this monitoring, that depth, the very low light that reaches the 

bottom, implies that only a glimpse of a few meters ahead of the ROV is watched. Thus, the 

use of powerful sonar built in the ROV, is absolutely critical. This sonar is able to detect a 

soda bottle a few hundred meters away, so the team was optimistic in the detection of 

archaeological evidences. Note that the very competent, motivated and dedicated staff who 

operate and maintain the ROV had not worked before in this context, therefore, this mission 

would also serve to evaluate potentialities and limitations. 

One by one, the targets were investigated, and one of them, detected in ROV sonar, it was 

possible to identify and observe a wooden structure (Figure 52). The slow-growing corals on 

it, suggests the wood was old. 

 

 
Figure 52 – Wooden structure detected by the ROV sonar, exactly at the coordinates mentioned in the U-35 

War Diary, for the sinking of the Italian brigantine Bienaimé Prof. Luigi (Photograph by Augusto 

Salgado) 

 

It is obviously not possible, based on these data, to establish a direct and linear connection 

between the identified wooden structure and the wreck of the Italian brigantine, but the 

fact that this target was exactly on the coordinates of the U-35 War Diary, raises the 

possibility. 

Page 74 
 



Projet U-35 - 2014 Field Season Report 

At the end of this mission, no other archaeological evidence was detected, which implies the 

continuity of this objective for future missions. 

We believe that the Italian brigantine’s cargo of kaolin (China Clay), does not helps as a 

facilitator in the detection of his wreck, since almost 100 years after its sinking, 

distinguishing the cargo and the bottom sediments, is a task at least difficult. 

 

  

IV Divulgation 

 

Great attention and effort have been devoted to the divulgation not only of the project, as 

the Project results, on a vision and approach that are to be diversified, not only from the 

historiographical and archaeological point of view, but also from the cultural heritage and 

the touristic point of view. 

Thus, we listed the publications, congresses and conferences, and lectures conducted so far, 

and the submitted abstracts for congresses and conferences in the near future: 

 

1. Publications: 
Salgado, A. e Russo, J. - As operações do U-35 na costa de Sagres (1917), Anais do Clube Militar 

Naval, July-December 2014, Year 144, Volume CXLIV, Tomos 7 a 12, In press, pp. 547-567, Lisboa, 

2015 

 

Salgado, A. e Russo, J. – Projeto do U-35: O Afundamento do SS Nordsoen, Revista de Marinha, nº 

984, March/April, pp. 62-63, Lisboa, 2015 

 

Salgado, A. e Russo, J. – Projeto U-35: A busca do Veleiro Italiano Bienaimé Prof. Luigi, Revista de 

Marinha, nº 983, January/February, pp. 62-63, Lisboa, 2015 

 

Salgado, A. e Russo, J. - As operações do U-35 na costa de Sagres (1917), Revista de Marinha, nº 

982, November/December, pp. 62-63, Lisboa, 2014 

 

Salgado, A. e Russo, J. - Os usos do Luso, National Geographic Magazine, August, Lisboa, 2014 
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2. Congress, Conferences and other communications: 
Salgado, A. e Russo, J. – Experiências em Sagres - Destroços com História – Mergulho com História, 

2014 Lisbon Tourism Fair 

 

Salgado, A. e Russo, J. - Submarinos alemães na Costa Portuguesa – O caso do U-35, International 

Conference A Grande Guerra: Um século depois, Lisboa, Military Academy, 2014 

 

Russo, J. e Salgado, A. - U-35 Action in Sagres Coast (Algarve, Portugal): First World War Heritage 

and Memories from the Sea, 1st International Conference – Heritages and Memories from the Sea 

/ Chaire UNESCO, Universidade de Évora, 2014 

 

Salgado, A. e Russo, J. - CINAV and the Underwater Cultural Heritage, Poster, KUMA V. Un 

patrimonio para la humanidad, Cartagena, 2014 

 

Salgado. A. e Russo, J. - History and archaeology of World War I: the case of the survey of the 

remains of the U-35 operations in the coast of Algarve, Scientific conference on protection of 

underwater cultural heritage, UNESCO, Bruges, Belgium, 2014 

 
 

3. Submitted abstracts 
Simbiose institucional como forma de viabilização de ações de geofísica e prospecção em profundidade, 

JIA – CHAM – FCSH/UNL, 2015 

 

Pode um submarino Imperial Alemão, na Primeira Guerra Mundial, produzir matéria turística em Portugal, 

no século XXI? – International Conference Turismo, Lazer e Guerra – IHC – FCSH/UNL, 2015 

 

The U-35 mission off Sagres and Lagos coast, 24 of April 1917 – International Conference: The Navy and 

the Great War- Politics and Naval Power, Portuguese Navy Academy, 2015 

 

German U-Boats Operations in the Eastern and Central Atlantic During the WWI - 2015 McMullen Naval 

History Symposium, Annapolis, Maryland, USA, 2015 
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V Fruition and Safeguarding 

We believe that it will be the articulation of these two aspects, and not his solitary and 

unilateral existence, the key to the medium and long term success of the Project, on the 

preservation of these wrecks, especially because of its chronology. With "these wrecks", we 

refer very specifically to wrecks of iron and steel, of contemporary chronology, to which we 

can assign a history, "Wrecks with History", at depths that makes them available to 

recreational and/or technical diving community. 

Any of the three steamers sunk by U-35 on the 24th of April 1917, meets that set of 

characteristics or qualities. 

We believe, that is trough a local community of divers, mobilized, informed, trained and 

motivated, that a real safeguarding and monitoring of these wrecks is achievable. 

Thus, we are also believe that it is locally that all these vectors should be consolidated and 

rooted and that the project can and should provide the motivational energy, education and 

information necessary and sufficient to mobilize and maintain this community. Therefore, 

we believe that partnering with local projects is the key to a good bond between the Project 

and the potential target community. 

It was in this way that we started a partnership with the GUE (Global Underwater Explorers) 

Baseline Torvore Project. 

Through this project, we hope to reach the local community and beyond, interested in 

developing a wreck monitoring project, now corresponding with SS Torvore, well beyond its 

historical and archaeological aspect, but also biological and ecological, which greatly 

enriches the U-35 Project. 

It is this partnership that will develop the desired cleaning of networks and wreck fishing 

wires, which are a real and seriously danger to divers, still being able to capture for decades, 

the marine life that a wreck always crowd and calls. 

 

In addition to the community of divers, we also want to involve the local economy, 

producing economic returns that exceeds the public investment oh this kind of cultural and 

scientific projects. It is a question of sustainability. 

This aspect is constantly underestimated, but is understood by us as essential and key. 

We are implementing fruition and safeguarding measures, in two ways: 
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1. Involvement of local businesses, on the U-35 Project logistics 

 

The food and accommodation of the team, was not funded as traditionally, i.e. was funded 

by the local hotel and restaurant industry. This was achieved by explaining what was the 

Project and what was its objectives. The response was overwhelming with almost all of the 

local restaurants offering meals to the team, as did two hotel units, offering 

accommodation. The most rewarding aspect of this achievement was to feel that the 

restaurant and hotel staff felt as belonging to the team, belonging to a historic, cultural and 

scientific project. 

This system dictated that the team had to have lunch and dinner always in different 

restaurants, from the most traditional roast fish tavern, to the most sophisticated Italian 

cuisine at Martinhal Beach Resort, or the Sagres Pousada de Portugal. 

This is complex to articulate in terms of logistics and operation, always very tight, where 

agendas are always reduced in number of days, and tasks always seem to be endless, but 

this is a negligible cost before the mobilization advantage of the local community, and a 

medium and long term economic return, and, because the team and its families shall return 

and tell about it.  

We used, every time possible, the local diving industry. With this, even though negotiating 

special prices produced an immediate return, and an optimization of the operating cost of 

the project. 

 

2. Working with the local diving industry 

 

The effort employed in the early fieldwork, around clarify once and for all, which was the 

location of the SS Nordsöen’s wreck, was a non-financial valuable return to the diving 

industry, as it allows to improve and standardize the information, that Diving Centres now 

have on the subject, thus improve their service, even if it produces the need to change some 

local diving guides. 

We intend to reach the Diving Centres, in order to provide them with information and 

training, enabling them to provide their customers with more and better information about 

the remains in question. 
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3. The non-diver community 

 

In addition, we have to address about all non-diver community that is also heiress of the 

cultural and historic "footprint" of this WWI episode. 

For them, we want a set of local divulgation measures that invites them to participate in as 

witness. 

For them, restaurants, hotels, local commerce, we intend a set of training activities, but also 

open classes in local history, aimed for the Elementary School and the University. 

 

Is not the place to list all the numerous and rich program of activities to prepare for the 

Centenary Day, 24th of April 2017, so we will just summarize an idea for an exhibit, with 

itinerant capabilities, based in 4D augmented virtual reality: 

 

 

3.1 4D augmented virtual reality  

One of visualization challenges, whatever it is that we are presenting, is to be the most 

reliable possible. Not only to what we are presenting, but also the context in which it lives. 

In this sense, presenting shipwrecks has two major tasks that need solutions that do not 

restrict the presentation detail that a project of this size provides: 

 

- The scale and the visual richness, history and space of a wreck; 

- The surrounding space of a wreck and the conditions in which it is. 

 

An additional challenge, which gives the design portability and the possibility of being 

introduced in other locations, is to find a modular solution that allows transport and it’s 

easily assembly. 
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3.2 Multimedia presentation of the wrecks design 

To display the wreckage, the exhibition proposes a virtual reality solution where its use is 

ensured by two major hardware components: 

 

3.2.1. Oculus Rift (Figure 53) 

Virtual reality goggles that give a spherical field of view to 360 degrees, to those who use 

them. Everywhere that you look, you always have multimedia content to view. To aid 

viewing and depth perception, may be placed air bubbles resulting from exhalation, as a 

guide to the visual vanishing point of the sea surface. 

 

 
Figure 53 – Oculus Rift 

 

3.2.2. Vitruix Omni  

While the Oculus Rift gives a viewing experience with rich content and as close to reality as 

possible, there is always a factor which is not addressed: the human mobility. 

When we see or visualize something we are not entirely static. The shift of our weight from 

one leg to the other, for example, causes the Oculus Rift react to the change of location of 

our head, and what you see is in tune with our body movement. But when we travel, we 

change our position in the physical world, and the Oculus Rift alone, does not provide that 

mobility. 
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To solve the mobility problem, the solution is the Vitruix Omni (Figure 54): an 

omnidirectional treadmill we can use, to move in the desired direction without leaving the 

place, but which replicate the diver mobility on the 3D model. Additionally, the Vitruix Omni 

has a protection and support so users can support up while moving virtually, a safe measure. 

 

 
Figure 54 - Vitruix Omni 

 

3.3. Wreck surrounding space recreation 

Visualization barriers overcome, we need to amplify the experience from a sensory point of 

view (4D), so that this is not "just" a technological experience. We want to impact the five 

senses on this visitor journey to the wrecks sunk by the U-35. 

To achieve this, our proposal is to put the Vitruix Omni and the Oculus Rift inside a 

decorated box, were we can install additional equipment, aimed to impacting the five senses 

and to help rebuild the deep-sea environment: 
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a) Sight - Addressed the multimedia content viewed by Oculus Rift. 

b) Hearing - Sound system placed on top of the box with the expected “sound of the sea”. c) 

c) Touch and Taste - Addressed in part by VItruix Omni allowing us to move, but amplified by 

a steam system placed on top of the box to give us the feeling of moisture. 

d) Smell and Taste – Salt odour dispenser system, on top of the box. 

 

These devices together (Figure 55) gives us a more sensory experience of the seabed. 

 
Figure 55 – 4D “box” 
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3.4 Framing multiple multimedia systems 

Given that the historic context obliges to consider a structure in which at least three wrecks 

(SS Torvore, SS Nordsöen and SS Vilhelm Krag) have independent structures, and a logical 

sequence of visiting, it is proposed that there is a physical guided tour (Figure 56) that takes 

visitors to each of the boxes. 

 

 
Figure 56 – 4D Exhibit 

 

Thus, the aim is to develop a multidisciplinary and multi-institutional project, on an 

academic plan, which will develop the necessary and sufficient software to allow the virtual 

fruition project, responding to the entire thickness of the model proposed in the UNESCO 

Convention for the Protection of Underwater Cultural Heritage, 2001. 

Thus, the wreckage representing an episode of the Great War, may see their cultural and 

patrimonial life perpetuated and enjoyable by all, not only by divers. 
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VI The team  

 

During 2014, the team was formed, solely by volunteers, coordinated by Augusto Salgado 

and Jorge Russo. 

This team of volunteers was very heterogeneous from the point of view of their professions, 

aspect that mobilized to the Project it is an advantage and not a disadvantage. 

The team has in common, a significant diving experience, especially decompression scuba 

diving, which allows us to program, as we saw in the Methodology, long immersions, i.e. 

operationally profitable considering the few days that we can devote to field campaigns. 

In addition, their professions are often advantageously applied in the Project and their 

needs, particularly in terms of skipping, computers, and even biology. 

 

Thus, the team involved in 2014 was: 

 

Augusto Salgado  Project Coordinator, diving, photography 

Jorge Russo Project Coordinator, CCR Diving, 3D modelling 

Eduardo Gomes CCR diving 

Paulo Carmo CCR diving, skectchup modelling 

Pedro Ivo Arriegas CCR diving 

Tiago Dores Skipper e diving 

Nuno Padrão Diving 

João Vitória 4D project design 

 

Table 10 – 2014 field season team 
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VIII Conclusion 

In 1917, one of 29 German imperial class 31 submarines (U-31 to U-41), commissioned in 

June 1912 and completed between September 1914 and February 191581, the U-35, was 

able to ocean navigation, with a range82 that allowed him outward missions and return to 

the naval base Kattaro (Cotor), travelling more than 5,500 nautical miles, spending 30 days 

at sea. 

It is a scenario therefore very different from what the military leaders believed to be 

possible for these vessels, at the beginning of the war in 1914, both German and British. 

The large capacity demonstrated by the imperial German U-Boats during the entire war, and 

effectiveness in the sinking of a huge number of ships, so, the deprivation of a enormous 

amounts of material resources, consolidated the German strategy, initiated during the Great 

War, and continued during the World War II, to base the victory in the cut of Allied supplies. 

This was definitely the policy applied to the U-35 mission, between the 31th of March and 

the 6th of May 1917, that brought her on the 24th of April to Sagres and Lagos, Portugal. 

Were goods to and from Allied countries, or in Allied charter, the U-35 targets, which is 

demonstrated by the sinking of neutral flag vessels, but carrying goods under British charter, 

designated by the Germans as "relative", where they are included for example food products 

such as herring, loaded in the United Kingdom and destined to Italy, aboard the Danish cargo 

steamer SS Nordsöen, sunk with explosive charges placed in their holds by the U-35 crew, at 

the Ponta-dos-Caminhos, Sagres, Algarve, Portugal. 

 

The imprisonment of British merchant navy captains, especially those who commanded 

armed merchant ships, also served the same strategy and the same purpose, namely, to 

deprive the British merchant navy of experienced captains, forcing the renewal by less 

experienced captains in defensive actions and attacking the Imperial German submarines. 

Note the capability demonstrated by SS Caravellas on attacking an imperial German 

submarine, even under enemy fire. 

 

81 GIBSON, R. H. and PRENDERGAST, Maurice - The German Submarine Warfare 1914-1918. Londres. Naval & 
Military Press in association with The Imperial War Museum, No date, p. 356 
82 Although in this case the U-35 did not receive refueling during the mission, she fueled up of food, drinking 
water, fuel and lubricants, at least through the ships that sank. There are also oral testimonies of imperial 
German submarines supplying during the Great War, and German submarines during World War II, in particular 
canned fish on the Algarve coast, by local people. 
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The historiography of the episode of 24th of April 1917, demonstrates the total absence of 

effectiveness and proportionally adequate capability, from the Portuguese Navy to deal with 

the German naval threat. The existence of only one civilian steam tug, the Galgo, 

commissioned and adapted with obsolete and inadequate artillery, demonstrates exactly 

that. On the other hand, the standard navigation made by U-35 that day, suggests the 

apparently absent of the allied naval force usually stationed in Baleira, Sagres, that day. It 

also suggests the effectiveness of the German Navy and/or the U-35 intelligence capability.  

 

This mission in general and this particular day, also gives us remarkable elements about the 

ability to manage ammunition and essential goods, which certainly concurred for the 

duration of the mission, therefore, for the effectiveness and success of: 20 steamers and 3 

sailboats, a total of over 67,000 tonnes sunk in 22 days83, 3 steamers and 1 sailboat, and 

more than 7,100 tonnes, only on the 24th of April 1917. 

The historic evidence collected from this mission, and from the action of the 24th, are equally 

important to know how la Perière, at least in this mission, operated with regard to the "Prize 

Rules". It is now clear that the merchant ships were halted, often by warning artillery fire, 

documents and cargo inspected, and when sailing under British charterer heading to enemy 

port, were sunk in three different ways: using torpedoes, deck gun, or by placing explosive 

charges on ships by U-35’s crew. Not before, crews were ordered to abandon ships, and set 

to shore in lifeboats. 

It is clear the spirit of the set of international conventions, away from the indiscriminate war 

practiced by other Imperial German and Austro-Hungarians submarine commanders, even 

before it was officially declared by the Kaiser in 1917. 

It was in this context that on 24 of April 1917, were sunk the cargo steamers SS Torvore 

(Norwegian), SS Nordsöen (Danish), SS Vilhelm Krag (Norwegian), and the brigantine 

Bienaimé Prof. brigantine Luigi (Italian). All of them sunk off Sagres, except SS Vilhelm Krag, 

off Lagos. 

Subsequently, the research contributes to the understanding of how Germany operated 

submarine warfare, particularly in the Mediterranean. 

83 22-day considering the fact that the first sinking of the mission takes place on 3 of April, off Sicily, and sinking 
ceased on 24 of April, followed by the return trip, between 25 of April and 6 of May . Thus, the sunken tonnage 
was achieved between 3 and 24 of April 1917. 
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The research also contributes to build an image on the capacity of the Portuguese Navy to 

defend the coastline between Cape St. Vincent and Lagos, and thus, to respond to the 

German threat, that was now no doubt very real and with large capacity and effectiveness. 

Thus it is also clear that the First World War happened in Portugal, in Portuguese territorial 

waters, an image far from the traditional historiography of the trenches of Belgium and 

Overseas in Africa, where happened at least one naval combat, totally disproportionate, of 

course, between a German war ship and a Portuguese Navy commissioned ship. If the first is 

not new, let us remember the Augusto Castilho sunk by U-139 commanded by the same la 

Perière, the second is it totally new. 

Finally, following the one of the U-35 crew, Richard Berger, allowed us to see the fate of 

some Germans after the war, and see how this included the United States of America as 

destiny, where he travelled with his wife Nina Berger, and reached New York on the 21st of 

1923, aboard the SS Mongolia, having embarked on the 10th of March from the port of 

Hamburg, to meet with Nina’s brother, Walter, already resident there. 

 

The local oral tradition associated three of the ships sunk by U-35 on the 24th of April, with 

the existing of three wrecks off of Sagres and Lagos. The SS Torvore was associated with the 

locally designated “Vapor-das-19” (19 fathoms steamer) or "Vapor-da-Noiva” (The bride’s 

steamer). The SS Vilhelm Krag with the “Vapor-da-Luz” (The Steamer of the light), as it is off 

the Praia da Luz, in Lagos. The SS Nordsöen, was associated by different diving centres at 

different locations, resulting in different infographics and literature in different locations and 

illustrated with various material evidence. This latter issue was complex, because in that 

coastline, there are various wrecks, some certainly corresponding to steamships, i.e. several 

possible candidates. Proving the relation wreck-to-ship, i.e. identifying the wreck of the 

three steamers, was one of the project's major objectives. Locate the wreck of the Italian 

brigantine Bienaimé Prof. Luigi, was another objective for 2014. 

 

To identify the wrecks allegedly corresponding to the three steamers, we had to perform 

their archaeological record, and to analyze what was left of these wrecks. To do this, we 

developed and tested a survey methodology in SS Torvore, using Offset and Base Line, and 

multibeam geophysics. To identify the wreck, we used two different methodologies: the 
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adaptation of the VanZandt’s HSIM84 to the SS Torvore, and the comparison of the 

geomorphologic ridges from the location, between the film of 1917 and a present time 

photograph. 

The SS Vilhelm Krag was not subject to analysis and archaeological survey, which is the main 

objective of 2015 field season. 

 

Note that till the U-35 Project, the alleged relation ship-to-wreck was empirical, totally 

without scientific basis, i.e. not proven in any way. 

What we concluded from the methodology proposed and tested on the SS Torvore wreck, is 

that it is perfectly feasible and capable of producing a rigorous outline and precise record. 

The overlap method clearly demonstrated it. 

This aspect is of utmost importance as it offers to the team, and perhaps in time, to the 

scientific community, a survey tool of wrecks of contemporary chronology, corresponding to 

Iron or steel steamers, where the verticality of the structures is a reality, and the depth of 

the wreck poses significant technical issues with respect to other methodologies, such as 

trilateration. 

From the test performed, it appears that in this case the resolution of 3 meters, on the 

Boiler-Bow Base Line segment, worked for this wreck in particular, without substantial 

differences for the results achieved by the resolution of 1 meter, in the Engine-Stern Base 

Line segment. However, we it is wise, whenever possible, to opt for the best resolution at all 

times. 

We conclude however, that for wrecks like this, in case of need, for example for lack of time, 

the resolution of 3 m can be a real possibility, which far outweighs the absence of survey, to 

produce a reliable layout of a wreck, at least with regard to the remarkable periphery of the 

wreck, object of this methodology and testing. 

We also conclude, that the team should in the future be instructed to record not only the 

remarkable periphery of the wreck, but have the ability to in situ and in real time decide, to 

register the structures slides and/or important structures, beyond. 

 

 

84 Historic Shipwreck Identification Method 
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Unfortunately, the SS Torvore engine, being heavily cluttered up to its crankshaft, did  not 

allow to register the distance between it and the top of the engine, which prevents any 

contribution to “The Stroke Project” as was expected to contribute, at the beginning of the 

U-35 Project. 

 

For the VanZandt’s HSIM, which was adapted and tested in the wreck allegedly 

corresponding to the SS Torvore, it is concluded that this is perfectly suited to this type of 

wrecks, and in that case allowed positive, unpublished identification of the locally 

designated as the "19 fathoms steamer" or "The bride’s steamer," as indeed the SS Torvore 

sunk by U-35, located at coordinates WGS84 37 01 '07,346' 'N and 8 52' 54.1561 'W, 

according to the multibeam data. 

As for the location of the SS Nordsöen’s wreck, as we have seen, the comparative analysis of 

the geomorphological crests, between the present and the images recorded on film in 1917, 

leaves no doubt. So, today is possible to state the exact location of the SS Nordsöen’s wreck , 

which is an important contribution to the local economy, particularly with regard to the 

recreational diving industry, that can now take divers to the correct location, even if this 

involved the identification of errors in edited dive guides. 

As for the SS Torvore, it was not possible to contribute to “The Stroke Project” from the SS 

Nordsöen’s wreck, as we did not identified any structures related to the engine, possibly 

because this wreck was salvaged, something we expect to be able to prove or discard in the 

future. 

 

The Italian brigantine Bienaimé Prof. Luigi, was sunk by U-35 at coordinates 36 53'0N and 9 

10'0 W, about 10 miles southwest of Cape St. Vincent, an area where the seabed reaches 

depths below 3,280 feet (1,000 meters). At the coordinates there is a plateau and the 

seabed is at around 1,132 feet (650 meters). 

Carrying out a search like this, is of course something technically and logistically 

overwhelming, consequently very expensive. We immediately assumed that the budget of a 

project of this nature would have no possibility of funding, or even be reasonable to employ 

in it, the funds in question: estimated in several thousand Euros per day. Thus, the feasibility 

of a mission of this nature, would be only possible by the constitution of symbiotic 

partnerships. That's what has been achieved before the EMEC. 
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Taking advantage EMEC campaign no Azores and their protocol mandatory test on the ROV 

Luso, off continental Portugal, it was then possible search for the Italian Brigantine. Thus, the 

cost of the search operation was in fact, reduced to zero. 

The results, allowed assessing the possibilities and constraints in the use of that technical 

structure applied to the detection of archaeological testimonies submerged in great depths. 

It was concluded that the NRP Gago Coutinho’s multibeam, although high resolution and 

high quality, is not an adequate remote sensing methodology to locate a wreck at those 

depths, but the use of the ROV Luso, is a valuable and proper technical resource for the 

possibility of locate archaeological targets. 

The ROV Luso’s sonar, proved appropriate and valuable to detect archaeological evidence at 

the bottom, then recorded with its high-resolution video cameras.  

Aldo the identification of a old wooden structure at the exact location of the brigantine 

sinking, recorded on the U-35 War Diary, we cannot state, at this stage, that the structure is 

in any way related to the Italian Brigantine, even with the real possibility. 

We also concluded that the team that operates the ROV Luso, despite having devoted so far 

exclusively to the themes within the EMEPC missions, has technical competence, efficiency 

and even enthusiasm, on developing archaeological missions, which points optimism for 

future action on this common ground, in this project, or others wishing to establish similar 

symbiosis. 

It was, therefore, the first time that in Portugal was used this type of resources, equipment, 

methodologies and team, around a submerged heritage project, whose contribution results, 

in our view, opens up good prospects for the discipline. 

 

For the 3D model of the locomotive coal block, part of the load of the SS Torvore (U-35T002), 

it is concluded that serves adequately as a form of archaeological record, with the advantage 

to avoid or minimize its future handling, which will go in towards its preservation and 

protection, as well as allowing a wide and interesting range of editing and divulgation 

formats. 
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As for the immersions, we conclude that the NDL85  for dives at 98 feet (30 m) or beyond this 

depth is a critical limitation for the extensive and time-consuming work needed. 

It was clear that for these type of missions what is required is the Closed Circuit Rebreather 

configuration and dive profiles.  

 

Also in terms of the selected team, without academic archaeological training, but with 

experience of this nature, for example at the SS Dago, with multifaceted and personal 

valences, are most-valuable for these projects, and that constituted a key for the results 

obtained. 

In fact, what has been achieved is due to everyone as a whole, much more than just 

coordination, or even, the sum of the contributions. The advantage of this strategy was to 

allow all team members constantly had a comprehensive and all-embracing picture of the 

issues and objectives, rather than the usual partial picture within the framework of task 

assignments to each. 

 

Thus, we reached up all the objectives set for the 2014 field season, except for the 

contribution to “The Stroke Project”, although nothing could be done or changed to achieve 

this, given that the whole project was and is not intrusive. 

For 2015, we set the following general objectives: 

 

1. Surveying the alleged SS Vilhelm Krag’s wreck; 

2. Confirm or deny that the “Vapor da Luz” is in fact the SS Vilhelm Krag; 

3.  Continuing the search for the Italian brigantine Bienaimé Prof. Luigi; 

4. Analyze the discrepancies detected in the SS Torvore survey, during the 2014 field 

season, discussed in the present Report. 

 

 

 

 
85 Non-Decompression Limit 
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Appendix I – Survey data table for SS Torvore 
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Stern-Engine Base Line segment 

     
Stern 

    
     

^ 
    

  
Starboard 

  
| 

  
Port 

 
 PD B T DD BL DD T B PD 

BL.0 0,00 29,05 26,25 0,00 26,25 0,00 26,25 29,05 0,00 
BL.1 6,29 28,12 27,42 6,50 25,77 1,30 24,60 29,05 0,57 
BL.2 7,58 28,09 26,34 7,60 25,79 1,60 24,43 29,07 0,85 
BL.3 7,34 28,06 26,06 7,35 25,66 0,40 25,52 28,99 0,38 
BL.4 7,15 28,13 25,88 7,15 25,71 0,25 25,81 28,86 0,23 
BL.5 6,89 28,20 26,05 6,90 25,59 0,80 26,29 29,08 0,39 
BL.6 7,61 28,20 27,45 7,80 25,75 -1,70 27,03 29,18 1,11 
BL.7 6,75 28,24 27,14 6,90 25,69 1,50 26,52 28,75 1,25 
BL.8 6,95 28,29 27,04 7,10 25,59 2,35 26,55 28,80 2,14 
BL.9 5,83 28,23 27,28 6,10 25,48 3,30 25,44 28,76 3,30 

BL.10 6,01 27,92 26,22 6,05 25,52 3,20 26,67 28,82 2,99 
BL.11 6,03 28,22 24,77 6,05 25,22 3,30 25,77 28,77 3,25 
BL.12 6,37 28,06 25,86 6,40 25,26 3,50 24,96 28,76 3,49 
BL.13 6,38 27,75 25,95 6,45 25,00 3,50 25,20 28,75 3,49 
BL.14 6,30 27,80 24,75 6,30 25,00 3,80 24,85 28,70 3,80 
BL.15 6,05 27,83 24,68 6,05 24,68 4,00 24,83 28,68 4,00 
BL.16 6,09 27,61 24,66 6,10 24,41 3,90 24,86 28,76 3,87 
BL.17 6,24 27,60 24,75 6,25 24,35 3,90 24,80 28,70 3,87 
BL.18 6,28 27,69 24,69 6,30 24,19 3,90 24,74 28,64 3,86 
BL.19 6,38 27,67 24,67 6,40 24,22 3,90 24,72 28,62 3,87 
BL.20 6,45 27,61 24,66 6,45 24,41 3,90 24,81 28,61 3,88 
BL.21 6,58 27,75 26,25 6,80 24,55 4,30 26,50 28,35 3,83 
BL.22 6,78 27,75 26,55 6,90 25,25 4,30 26,65 28,35 4,07 
BL.23 6,79 27,76 26,46 7,00 24,76 4,30 26,66 28,26 3,86 
BL.24 10,34 28,16 27,56 10,70 24,83 4,10 26,66 28,46 3,67 
BL.25 10,62 28,07 27,67 11,00 24,80 4,20 27,47 28,47 3,24 
BL.26 10,43 28,18 27,48 10,70 25,11 4,30 26,38 28,68 4,11 
BL.27 10,31 28,19 27,59 10,60 25,13 4,50 26,39 28,69 4,32 
BL.28 10,01 28,30 27,50 10,20 25,55 4,50 26,40 28,50 4,42 
BL.29 10,13 28,31 27,51 10,30 25,66 4,70 26,41 28,51 4,64 

BL.30 9,88 28,31 27,51 10,00 25,98 4,90 26,41 28,41 4,88 
BL.31 8,94 28,04 27,44 9,10 26,10 5,00 26,32 28,32 4,99 
BL.32 11,20 28,09 27,64 11,40 25,51 5,10 26,33 28,53 5,03 
BL.33 11,24 28,08 27,63 11,40 25,73 5,20 25,94 28,54 5,20 
BL.34 11,14 28,14 27,69 11,30 25,80 3,10 26,05 28,55 3,09 

 

    Recorded or corrected  

BL Base Line Point   01/09/2014 

DP Projected Distance   02/09/2014 

DD Direct Distance   05/09/2014 

T Offset point on the “Notable periphery”   06/12/2014 

B Offset point at the bottom    

Distance between BL34 and the Engine = 1 feet 921/32 inches (0,55 m) 
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Boiler-Bow Base Line segment 

 

  
Starboard 

    
Port 

  
 DP B T DD BL DD T B DP 

BL.0 0,48 27,65 25,00 0,50 25,15 4,10 24,95 27,05 4,10 
BL.3 1,77 26,63 24,68 1,85 25,23 5,75 26,63 28,23 5,58 
BL.6 4,74 27,81 26,86 4,90 25,61 5,50 27,01 28,41 5,32 
BL.9 5,14 28,19 27,24 5,33 25,84 4,35 27,49 28,49 4,02 

BL.12 6,18 27,97 26,27 6,18 26,12 11,08 28,77 28,97 10,76 
BL.15 6,89 28,35 25,95 6,90 26,30 7,46 27,55 28,75 7,35 
BL.18 5,74 29,20 27,30 5,80 26,45 5,60 28,20 29,50 5,32 
BL.21 5,69 29,41 26,81 5,70 26,41 11,30 29,61 29,90 10,84 
BL.24 5,28 29,50 26,95 5,30 26,50 10,20 29,10 30,30 9,86 
BL.27 4,52 29,24 28,54 4,90 26,64 11,20 29,64 29,64 10,79 
BL.30 2,91 29,83 28,73 3,50 26,78 7,00 29,68 30,23 6,37 
BL.33 1,16 29,92 29,12 2,40 27,02 7,90 29,82 30,32 7,39 
BL.34 4,40 30,11 29,21 4,90 27,06 2,50 29,41 29,91 0,85 
BL.35 0,00 

 
27,30 0,00 27,30 3,70 28,80 30,30 3,38 

     
| 

    
     

v 
    

     
Bow 

        Recorded or corrected  

BL Base Line Point   05/09/2014 

DP Projected Distance   Discarded series 

DD Direct Distance    

T Offset point on the “Notable periphery”    

B Offset point at the bottom    

 

Distance between BL0 and the Boiler = 3 feet 75/16 inches (1,10 m) 
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Appendix II – Ship’s features 
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SS Torvore          

 

 

Figure 57 – The SS Torvore (http://www.wrecksite.eu/wreck.aspx?138865)  
Built 1882, as SS Ingram, by Edward Withy & Co, Middleton, Hartlepool, yard number 112. 

Launched on the 20th of September, finished in November. 

Material Iron 

Length/Breadth/Depth 

(Feet, inches) 

257.4/34.6/19.4 
 

Gross/Net Tonnage 

(Tonnes) 

1,667/1,000 

Deck Single, well deck 

Draft (Feet, inches) 19,4 

Freeboard (Feet, inches) 1.11 

Bulkheads and ballast 4 cemented bulkheads, water ballast of 307 tones 

Hull Double 

Keel (Inches) Thickness 9 inches 

Engine Compound, double-expansion, built by T. Richardson & Sons de Middleton, Hartlepool, 
UK. 
High-pressure cylinder = 33 inches, low-pressure cylinder = 61 inches, stroke = 33 inches 
178 Nominal Horsepower  

Boilers and condenser Main Boiler: 75lb, 4 plain? furnaces, 75 square feet of grid. 
Auxiliary Boiler: Vertical (Donkey Boiler),  with 65 lb, installed in 1895. 
Atmospheric Condenser. 

Above deck Poop Deck = 24 feet 
Bridge Deck = 71 feet 
Forecastle = 31 feet 

Rigging Schooner 
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Ownership 1882 - Steel, Young & Co, London, UK (SS Ingram) 

1900 - Gordon Steam Shipping & Co., Ltd, London, UK (SS Ingram) 

1910 - A/S Torvore (Lundegaard & Strey), Farsund, Norway (SS Torvore) 

Lloyd’s Classification 100A1 
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SS Nordsöen        
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Figure 58 e 59 – SS Nordsöen, Maritime Museum of Denmark  
Built 1901 by Burmeister & Wain, Copenhagen, Yard number 213 

Material Steel 

Length/Breadth/Depth 

(Feet, inches) 

222,9/31,7/12,9 
 

Gross/Net Tonnage 

(Tonnes) 

1,055/665 

Deck Single, Well deck, beech wood 

Bulkheads and Ballast 4 bulkheads, water ballast of 296 tones 

Hull Double 

Engine Compound, Triple-expansion, built by Burmeister & Wain. 
High-pressure cylinder = 16 1/2 inches, intermediate-pressure cylinder= 27 inches, low-
pressure cylinder = 45 inches, Stroke = 30 inches. 
111 NHP (Nominal Horsepower)/560 IHP (Indicated Horsepower), 

Boilers and Condenser Unknown from the historic record 

Above Deck Bridge Deck = 30 feet 
Forecastle = 21 feet 

Rigging Schooner 

Ownership Dampskibselsk Verstrhave, Esberg, Denmark 
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SS Vilhelm Krag    
 

 

 

 

 

Figure 60  – The Vilhelm Krag as SS Nordpol, Bergen Maritime Museum, Norway 

 
Figure 61 - The Vilhelm Krag as SS Nordpol, Bergen Maritime Museum, Norway 
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Figure 62 – A pastel painting with the SS Vilhelm Krag as SS Cassiopeia (ST.S 0734) - Stavanger Maritime 

Museum, Norway 

 

Built 1889, as SS Nordpol by Northumberland Shipbuilding Co., Ltd, Middleton, Howdon 

yards, UK. Yard number 77. Launched on the 8th of May, finished in July, for 

Harloff & Boe, Bergen, Norway 

Material Steel 

Length/Breadth/Depth 

(Feet, inches) 

340/49/25.9 
 

Gross/Net Tonnage 

(Tonnes) 

3,715/2,428 

Deck Two 

Summer freeboard (Feet, inches) 5 6/12 

Ballast Water Ballast of 878 tones 

Hull Cellular Double Bottom 

Engine Compound, Triple-expansion, built by T. Richardson & Sons, Middleton, 
Hartlepool, UK. 
High-pressure cylinder = 24 inches, Intermediate-pressure cylinder=  39 inches, 
low-pressure cylinder =  66 inches, Stroke = 45 inches. 
304 NHP (Nominal Horsepower) 

Boilers and Condenser Two main boilers: 160 lb, 3 corrugated furnaces, Grid = 113 square inches, 
Heating surface = 4,735 square inches. 
One Auxiliary Boiler: Horizontal (Donkey Boiler) = 80 lb 

Above Deck Bridged Deck = 84 feet 
Fotrecastle = 35 feet 

Rigging Achooner 

Ownership 1889 - Harloff & Boe, Bergen, Norway (SS Nordpol) 

1902 - Harloff & Rodseth, Bergen, Norway (SS Nordpol)  

1915 - D/S A/S Hafa, Christiania (Oslo), Noway (SS Etna) 

1915 - A/S Lauritz Kloster, Stavanger, Norway (SS Cassiopeia) 

1916 - A/S D/S Atlanterhavet, Copenhagen, Denmark (SS Etna) 

1917 - D/S A/S Vilhelm Krag? ou Otto Andersen?, Bergen, Norway (SS Vilhelm 
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Krag) 

Lloyd’s Classification 100A1 
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Bienaimé Prof. Luigi      

  
Built 1907 by F. Terrizzano, Ogneglia, Italy 

Material Wood, Yellow metal shitted: Copper (59% to 61%), Zinc (38% to 40%), Lead (0,5% to 1%), 

over felt 

Length/Breadth/Depth 

(Feet, inches) 

109.9/27.1/12.6 
 

Gross/Net Tonnage 

(Tonnes) 

665/212 

Deck Single 

Draft (Feet, inches) 19.4 

Rigging Brigantine 

Ownership 1902-1917 - F. Padolecchia, Viareggio, Italy 
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Tugboat Galgo                

 

 

Figure 63 – The Galgo (Ilustração Portuguesa) 
  
Built 1857 by Ross & Duncan, Glasgow, UK 

Commissioned, added to the 

Portuguese Navy 

27 of September 1916, deployed at Lagos on 7 of October 

Material Iron 

Length (Feet) 25.9 
 

Gross Tonnage 

(Tonnes) 

82.9 

Deck Single, well deck 

Armament Single 37 mm “Hotchkiss” Revolving Cannon 

Engine Compound, Double-expansion. 
45 NHP (Nominal Horsepower) 

Boiler Tubular =  200 psi 

Ownership João António Júdice Fialho 

 
Data from: Biblioteca Central de Marinha - Arquivo Histórico, Rebocador Galgo, História e características do Navio 
[Manuscript]. 1916-1919. Núcleo/Fundo 264, N. de Ordem 5, 5-XII-8-2 
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Appendix III – U-35T002 sample analysis results 
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Summarize Results 
           Date : 09-03-2015 11:50:11 

         Method Name : CHNS 
          Method Filename : CHNS Analysis Method 05Mar2015.mth 

         
            
            Group Sample name Filename Inj Date Inj Time Type Weight (mg) Humidity % Nitrogen Carbon Hydrogen Sulphur 
2 U-35T002 Sample 14 06Mar2015 06-03-2015 13:19 UNK 2.154 0 1,29 76,35 3,63 0,00 
2 U-35T002 Sample 15 06Mar2015 06-03-2015 13:30 UNK 2.029 0 1,17 69,28 3,34 0,00 

             2 Sample(s) in Group No : 2 
          Component Name Average Std. Dev. % Rel. S. D. Variance 

       Nitrogen 1,23168242 0,08553348 6,9444 0,0073 
       Carbon 72,8120079 5,000928 6,8683 25,0093 
       Hydrogen 3,485743761 0,2075078 5,953 0,0431 
       Sulphur 0 0 0 0 
        

Page 107 
 



IX Bibliography 

 

AHLSTROM, Christian - Looking for Leads: Shipwrecks of the past revealed by contemporary 

documents and the archaeological record. University of Alaska Press, 1997 

 

ARMSTRONG, John and WILLIAMS, David M. - The Impact of The Early Steamship in Britain. 

St. John's, Newfoundland, Canada. N.º 47. International Maritime Economic History 

Association, 2011 

 

BOMBICO, Sónia - Relatório Final dos Trabalhos Arqueológicos realizados no âmbito da 

Construção da Marina de Ponta Delgada (Ilha de São Miguel – Açores) - Terminal Marítimo e 

Reestruturação da Avenida Mar. ARCHEOCÉLIS, 2008. 

 

DELGADO, James P. - Identification of the Wreck of the U.S.C.S.S. Robert J. Walker off Atlantic 

City, New Jersey - Perliminary Report. Silver Spring, Maryland. NOAA’s Office of National 

Marine Sanctuaries, 2013. 

 

DER MAGISCHE GÜRTEL. Imperial War Museum Catalogue number GWY 784. 1917, 

[Consulted 15 of November 2014]. Available at 

<http://www.iwm.org.uk/collections/item/object/1060008290> 

 

SM U-35 War Diary - "SM U-35 Kriegstagebuch" [Manuscript]. 1917. Available at 

Bundesarchiv, Freiburg, Germany.  

 

FIALHO, António, et al. - Thermopylae - História do Clipper mais veloz do mundo. Cascais. 

Câmara Municipal de Cascais, 2009 

 

First World War U-boat - A Guide to the Video (Der Magische Gurtel (The Enchanted Circle) 

(1917) and The Exploits of a german Submarine (U.35) Operating in the Mediterranean 

(1919). London. Lloyd's Register of Shipping on behalf of the Imperial War Museum, 2000 

 

Page 108 
 

http://www.iwm.org.uk/collections/item/object/1060008290


Project U-35 – 2014 Field Report 

GIBSON, R. H. and PRENDERGAST, Maurice - The German Submarine Warfare 1914-1918. 

Londres. Naval & Military Press in association with The Imperial War Museum, No date 

 

Hemeroteca Digital - Ilustração Portuguesa. [Online). 6 of August (1917), pp. 115. Updated 

n/d [Consulted 25 of January 2015]. Available at<http://hemerotecadigital.cm-

lisboa.pt/OBRAS/IlustracaoPort/1917/N598/N598_item1/P17.html> 

 

LEWIS, Walter - The Novelty and the Compound Marine Engine in Central Canada1. The 

Northern Mariner/Le marin du nord. XIX, 4 (2009), pp. 413-424 

 

"List or Manifest of Alien Passengers for the United States Imigration Officer at Port of 

Arrival, SS Mongolia", New York, 21 of March 1923" [Manuscript]. 1923. Available at The 

Statue of Liberty - Ellis Foundation, Inc., Passangers List 

 

Lloyd's Register of Shipping: Steamers, Sailing Vessel, and Owners. London. Vol. I,  TOR-TOS.  

Lloyd's Register of Shipping, 1916-1917 

 

Lloyd's War Losses - The First World War - Casualties to Shipping Trough Enemy Causes 1914-

1918. Lloyd's Of London Press, Ltd., 1990 

 

MCCARTHY, Michael - Iron and Steamship Archaeology - Sucess and Failur on the SS Xantho. 

New York. Kluwer Academic/Plenum Publishers, 2000 

 

MONTEIRO, Paulo - O naufrágio do vapor Lidador na ilha Terceira, Açores (1878): relatório 

preliminar. Al-madan online. [Online). II série, nº 15 (2007), pp. 1-2. Updated n/d [Consulted 

6 of March 2014]. Available at:<http://issuu.com/almadan/docs/almadan_online_15/22> 

 

Officiel Fortegnelse Over Danske - Krigs - OG Handelsskibe: ALFABETISK REGISTER OVER 

HANDELSSKIBENE. Copenhaga. Royal Denmark Archive, January 1911 

 

O'SHEA, J. M. - The Identification of Shipwreck sites: a Bayesian approuch. Journal of 

Archaeological Science. 31, (2004), pp. 1533-52 

Page 109 
 

http://hemerotecadigital.cm-lisboa.pt/OBRAS/IlustracaoPort/1917/N598/N598_item1/P17.html
http://hemerotecadigital.cm-lisboa.pt/OBRAS/IlustracaoPort/1917/N598/N598_item1/P17.html
http://issuu.com/almadan/docs/almadan_online_15/22


Project U-35 – 2014 Field Report 

Pages 14-18 Fórum [Online]. Updated n/d [Consulted 28 Of February 2014]. Available at 

<http://pages14-18.mesdiscussions.net/pages1418/Forum-Pages-d-Histoire-aviation-

marine/marine-1914-1918/caravellas-chargeurs-compagnie-sujet_277_1.htm> 

 

PALMAR, Sarah - The Most Indefatigable Activity: The General Steam Navigation Company, 

1824-1850. Journal of Transport History. III, 1 (1982), pp 1-22 

 

PIÇARRA, Helena, et al. - VF04 – Vale de Frades – Lourinhã: Relatório dos trabalhos de 2007. 

Lourinhã. GEPS, 2007.  

 

POWLES, Henry - Steam Boilers - Their History and Development. London. Archibald 

Constable & CO Ltd - Philadelphia J. B. Lippincott Company, 1905 

 

Promare - The SHIPS Project [Online]. Plymouth Sound. Updated n/d [Consulted 13 of 

September 2014]. Available at<http://www.promare.co.uk/ships/> 

 

"Rebocador "Galgo", História e caracteristicas do Navio" [Manuscript]. 1916-1919. Available 

at Biblioteca Central de Marinha, Arquivo Histórico, 264, N. de Ordem 5, 5-XII-8-2 

 

ROWLAND, K. T. - Steam at Sea: A History of Steam Navigation. Devon. David & Charles: 

Newton Abbbot, 1970 

 

RTP. 1918, Available at 

<http://www.rtp.pt/noticias/index.php?article=757114&tm=4&layout=122&visual=61>RUSS 

 

RUSSO, Jorge - From Wreck to Ship: the case of British merchantman SS Dago (1902). 

International Journal of Nautical Archaeology. 43, 1 (2014), pp. 192-195 

 

RUSSO, Jorge - SS Dago - De destroço a navio - Aqueografia Comparativa: Relatório à DGPC. 

Lisboa. 2012. 

 

Page 110 
 

http://pages14-18.mesdiscussions.net/pages1418/Forum-Pages-d-Histoire-aviation-marine/marine-1914-1918/caravellas-chargeurs-compagnie-sujet_277_1.htm
http://pages14-18.mesdiscussions.net/pages1418/Forum-Pages-d-Histoire-aviation-marine/marine-1914-1918/caravellas-chargeurs-compagnie-sujet_277_1.htm
http://www.promare.co.uk/ships/
http://www.rtp.pt/noticias/index.php?article=757114&tm=4&layout=122&visual=61


Project U-35 – 2014 Field Report 

RUSSO, Jorge - The Stroke Project. NAS Newsletter. [Online). January (2013), Updated s/d 

[Consulted 3 of March 2015]. Available at 

Internet:<http://www.academia.edu/2398403/The_Stroke_Project> 

 

RUSSO, Jorge - The Stroke Project. Australasian Institute for Maritime Archaeology 

Newsletter. [Online). Issue 3 (2012), p. 15. Updated s/d [Consulted 2 of March 2014]. 

Available at:<http://www.aima-

underwater.org.au/uploads/52708/ufiles/AIMA_Newsletters/AIMANewsVol31n3y12.pdf> 

 

RUSSO, Jorge - A Tecnologia do Vapor Naval como Contributo para a Arqueologia Náutica e 

Subaquática. Al-Madan - Dossiê "Arqueologia e Património Industrial". IIª Série #19 January 

(2015), pp. 124-133 

 

SALGADO, Augusto and RUSSO, Jorge - Submarinos Alemães na Costa Portuguesa: O Caso do 

U-35. COLÓQUIO INTERNACIONAL "A GRANDE GUERRA UM SÉCULO DEPOIS". Academia 

Militar. 2014  

 

Sociedade Espanhola de Arqueologia Virtual - Principles of Seville - International Principles of 

Virtual Archaeology [Online]. Updated n/d [Consulted 4 of October 2014]. Available at 

<http://www.arqueologiavirtual.com/carta/wp-content/uploads/2012/03/BORRADOR-

FINAL-FINAL-DRAFT.pdf> 

 

THE EXPLOITS OF A GERMAN SUBMARINE (U-35) OPERATING IN THE MEDITERRANEAN. 

Imperial War Museum Catalogue number IWM 560. 1919, [Consulted 15 of November 

2014]. Available at <http://www.iwm.org.uk/collections/item/object/1060023104> 

 

THOMAS, Lowell - Raiders of the deep. Annapolis. Naval Institute Press, 2004 

 

U-Boat Archive [Online]. Updated n/d [Consulted 1 of March 2015]. Available at 

<http://www.ubootarchiv.de/ubootwiki/index.php/Obersteuermann> 

 

Page 111 
 

http://www.academia.edu/2398403/The_Stroke_Project
http://www.aima-underwater.org.au/uploads/52708/ufiles/AIMA_Newsletters/AIMANewsVol31n3y12.pdf
http://www.aima-underwater.org.au/uploads/52708/ufiles/AIMA_Newsletters/AIMANewsVol31n3y12.pdf
http://www.arqueologiavirtual.com/carta/wp-content/uploads/2012/03/BORRADOR-FINAL-FINAL-DRAFT.pdf
http://www.arqueologiavirtual.com/carta/wp-content/uploads/2012/03/BORRADOR-FINAL-FINAL-DRAFT.pdf
http://www.iwm.org.uk/collections/item/object/1060023104
http://www.ubootarchiv.de/ubootwiki/index.php/Obersteuermann


Project U-35 – 2014 Field Report 

UNESCO - SAFEGUARDING THE WORLD’S UNDERWATER CULTURAL HERITAGE -  Scientific 

Conference on the Occasion of the Centenary of World War I Recommendations [Online]. 

Updated n/d [Consulted 8 of March 2015]. Available at 

<http://www.unesco.org/new/fileadmin/MULTIMEDIA/HQ/CLT/images/UCH_Conference_R

ecommendations_Bruges2014.pdf> 

 

VANZANDT, David M. - A Systematic Method for the Identification of Historic Era Shipwrecks. 

Adelaide, South Australia. Flinders University, 2009. Master's thesis,  

 

VICENTE, Cristino Castroviejo - Submarinos Alemanes en la Gran Guerra 1914-1918. Madrid. 

Almena Ediciones, 2004 

 

Western Australian Museum - Broathurst Family, an extraordinary group [Online]. 

Fremantle. Updated n/d [Consulted 13 of September 2014]. Available at 

<http://museum.wa.gov.au/explore/broadhurst/ss-xantho-shipwreck> 

 

 
 
Lisboa, 20 of May 2015 
 

Page 112 
 

http://www.unesco.org/new/fileadmin/MULTIMEDIA/HQ/CLT/images/UCH_Conference_Recommendations_Bruges2014.pdf
http://www.unesco.org/new/fileadmin/MULTIMEDIA/HQ/CLT/images/UCH_Conference_Recommendations_Bruges2014.pdf
http://museum.wa.gov.au/explore/broadhurst/ss-xantho-shipwreck

