
1 

 

Hydrodynamics Related to Shipwreck Taphonomy 
Sean M. Kery, Jillana Stauffer 
CSC Advanced Marine Center 

 
Abstract 
 
 When a shipwreck and objects in the associated debris field land on the seabed, they 
continue to be acted on by currents and benthic storms that can result in changes to the position, 
orientations and dispersion.   In shallower waters, ocean storm waves and long period swells can 
cause strong oscillatory water motions to act on the objects.   This paper describes a number of 
cases where the underwater archeological record shows evidence of these changes, and shows 
how such cases may be modeled using modern COTS software.   The technical approach 
described in this paper shows how the different specialties of naval architecture, oceanography, 
ocean engineering, sediment transport, hydrodynamics and underwater archaeology can be 
usefully combined under the umbrella specialty of marine forensics. 
 

The phenomenologies associated with freefall in the water column, bottom impact, and 
then the impact of various post deposition events and processes are modeled for several historic 
wrecks and the process and results are illustrated.    The differential action of storm waves and 
how to calculate their frequency of occurrence at a specific depth will be described.    The 
sediment transport like action that can re-suspend objects and or tumble them across the seabed 
will be described and modeled for typical objects.   The action of strong oscillating water 
motions can expedite a wreck's breakup.    Scour and erosion corrosion at the water-to-sediment 
interface have been implicated in specific damage to some historic wrecks. 

Lastly, the implications to modern search and rescue and to the research of historic 
wrecks will be discussed. 
 
Introduction 
 Underwater Archaeology pioneered by Bass (1975 & 2005), Throckmorton (1987), and 
many others began in the 1960's when the tools that enabled it were first available.   Today it is a 
mature sub-field of archaeology.   Other investigators, such as Steffy (1994) and Tanner (2013) 
have developed techniques for re-engineering the structure of ancient ships and in some cases 
modern day replicas that can be sailed again.  This paper describes the use of naval architecture 
based marine forensic techniques to model how a shipwreck arrives at the seabed and how the 
marine environment continues to act on it to produce the debris field as found at a later date. 
 
Shipwreck behavior in the water column 
 When a vessel leaves the surface for whatever reason and falls and flutters to the seabed, 
its behavior in the water column is a complicated summation of weight, buoyancy, drag and lift 
forces and moments, which are rate, direction and time dependent.    
 Vessels in very shallow water such as the Costa Concordia have very little time in the 
water column in which to flutter and change their orientation.   Vessels in somewhat deeper 
water depths such as the USS Monitor, Andria Doria or the Lusitania reach the bottom in more 
or less the orientation at which they left the surface.   In deep waters, the motions can be much 
more complicated.   The DKM Bismarck left the surface upside down and bow last, but hit the 
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seabed bow first and upright. Cameron et al, (2008)  The RMS Titanic broke at or near the 
surface and the two major parts landed a considerable distance apart with a significant debris 
field scattered over a broad area.  
 The rate of descent can be calculated as the terminal velocity whereby the weight acting 
downwards less the buoyancy acting upwards is balanced against the drag induced by the 
velocity.   With some algebraic manipulation of the standard drag equation, this comes out as: 
 

௧ܸ௘௥௠௜௡௔௟ ൌ ටଶሺௐ௘௜௚௛௧ି஻௨௢௬௔௡௖௬ሻ௥௢௘כ஼ௗכ஺௥௘௔   
 
 Where roe is the fluid density, Cd is the drag coefficient and the Area is defined 
differently depending on how the drag coefficients were derived from empirical data. (Hoerner 
1965, Hoerner & Borst 1975, Pattison et al 1977) 
 
 While the weight during freefall is reasonably constant, pieces that fall or float off, or that 
move around due to motions or free surface effects, can make weight and the 3 dimensional 
center of gravity a dynamic quantities.    
 Buoyancy suffers the same perturbing effects as weight but is also impacted by rapidly 
increasing hydrostatic pressure with depth.   Due to pressure increases, air pockets compress 
adiabatically or leak out, if they are surrounded by sufficient structure, implode catastrophically 
when the structure’s crush depth is exceeded.   (Faulkner 1998) 
 On wooden or composite vessels, the hollow and air filled material is partially crushed 
and partially flooded, as water wicks along fibers and into the interstitial spaces and pores.   This 
partial crushing, as the object descends faster than the water can wick in, is suggested to cause 
significant morphological changes that may significantly reduce structural integrity on the way 
down.   Pressure treated wood used in modern outdoor construction is 10 to 20% weaker than the 
parent lumber, so at least that much strength is lost. This also means that when the vessel comes 
to rest, the residual stresses in the materials, and their buoyancy may continue to change over the 
first few hours to weeks as the materials reach saturation. 
 The authors are not aware of any studies where samples of different woods typically used 
in shipbuilding, have been systematically subjected to different rates of increasing hydrostatic 
pressure to observe and quantify these effects.  This could be accomplished relatively easily in a 
shore side pressure chamber. 
 The water density varies with temperature, salinity and pressure over the water column, 
and in some cases this relatively small variation can be critically important, such as when the 
weight and buoyancy are nearly balanced.   For objects ballasted to near neutral buoyancy, such 
as a Remotely Operated Vehicle (ROV), a small change in the fluid density with depth may 
reduce the terminal velocity to near zero. 
 The lower part of a vessels hull that is normally submerged in water is optimized for low 
drag in the fore and aft direction.  No attempt is made to minimize the drag in the transverse or 
vertical directions because the vessel does not normally travel in those directions. 
 Water is about 700 times denser than air, therefore objects traveling through air only have 
about 1/700th the amount of drag as when they are submerged in water.   During normal 
operations, the drag of the upper parts of a vessel can have a lot more drag area with minimal 
resulting drag force or loss of fuel economy and these are rarely considered for drag reduction.  
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 The forces created upon impact, however, partially depend on the vessel’s characteristics. 
For wooden sailing vessels with lots of masts, spars, standing rigging, running rigging and sail 
cloth above the hull to slow it down, the impact velocity can be as little as a few feet per second.   
For an armored ship like the DKM Bismarck, the FS Bouvet, or the USS San Diego, the impact 
velocity may be 25 to 30 knots.   The Bouvet struck the bottom so hard and so fast that the stern 
drove itself into the bottom and the bow remains sticking out of the bottom at a significant angle, 
even now 100 years later. (Kolay et al, 2013) 
 The DKM Bismarck struck the unconsolidated sediment on the side of a seamount so 
hard that the bottom was crushed upwards by about one deck level.  The water inside the flooded 
hull was violently compressed and vented out everywhere that there was a hole in the hull.   
Areas without a nearby hole were compromised at the weakest local structure, which was the 
joint between the 1/2 inch bottom plating and the much thicker armor belt. The forces and 
pressures acting at this location resulted in the tearing of jagged vents outwards along the seam.  
The waviness of the edge indicates that some stretching occurred with the tearing and the 
plastically deformed edge was too long to return to a straight line, so a ripple occurred. (Cameron 
& Garzke et al, 2008)   The unconsolidated sediment layer under Bismarck liquefied on impact 
and acted as a partial bearing that allowed the ship to slide approximately 1500m down slope 
before it finally came to rest. 
   
  

 
Figure 5: Illustration from USCG Report, Edmund Fitzgerald Stern with Sediment Dune to 
the Left 
 Some of the impact inertia of a vessel transfers to the bottom material on impact and can 
plow up a significant dune of sediment and/ or leave a slide scar that is visible up to hundreds of 
years later.  In other circumstances, the initial sediment shapes due to impact can be remolded 
and / or erased by scour during subsequent strong bottom water flow events.   The stern section 
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of the Edmund Fitzgerald shown in a US Coast Guard investigation sketch is in shown in figure 
5. 
 Another frequent consequence of a large object making seabed impact is the creation of a 
large cloud of sediment that is ejected up into the water column.    
 There is a boundary layer and turbulent wake plume that follows an object as it plunges 
through the water column that will continue to impact the bottom for some seconds to minutes 
after the physical body has landed.  This wake plume cannot pass through the bottom so it 
billows up in what looks like an atmospheric microburst, or an inverted mushroom cloud.  This 
further dusts up the bottom material.   The sediment mobilized by these effects will rain back 
down and, in a steady current, this sediment plume will be moved downstream as it falls.   
Sediment particles such as stones which have less drag area and greater weight will fall out of 
suspension in the near field.  Small clay like particles may remain suspended for days and travel 
many miles before they come to rest.   The more turbulence that is present in the flow field, the 
more material that will remain suspended, and for longer. 
 
Post Deposition Velocity Field 
 Any object on the seabed is acted on by the local velocity field.  The instantaneous 
velocity field is the vector sum of the different mean flows and any wave velocities that reach 
that depth.   Figure 6 shows the results of the deep water wave equation, shown in the blue box, 
versus depth for a continuum of ordinary ocean wave periods for a 4m significant wave height.   
 The Orcaflex model solves the wave equation for whatever depth the user inputs and 
solves the full Morrison equation, which includes the effects of mass and added mass, as well as 
the drag equation.   The key conclusion of figure 6 is that the longer period waves typical of local 
storms or that propagate into the area from distant storms, stir the water column much more than 
the shorter period waves associated with locally generated wind chop. 
 The velocity field affects an investigation in 3 ways.  First, how did it figure into what 
happened to cause the sinking and deposition mechanics?   Second, what has it done to objects 
on the bottom at different stages of the wreck decomposition?  Third, how must it be considered 
when planning an expedition to the site? 
 For depths deeper than about 500 meters, the effect of surface waves can be neglected, 
except for planning site visits where they will mean the difference between launching the 
equipment and taking a weather day.  Contrastingly, long period swells can still have appreciable 
velocity several hundred meters below the surface.    
 Areas such as the north shore of the Hawaiian Islands see long period swells on a regular 
basis due to the long fetch and relatively steep drop off to full oceanic depths near shore.   Areas 
such as much of the US East Coast, have a long continental shelf and short fetch from the west, 
where the weather patterns typically come from.   Long period swells, with more than a 
negligible height, are unusual on the US East coast unless there is a hurricane or other severe 
storm passing offshore. 
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Figure 7:   Fall of Debris Field 
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Table 2:  Schooner Bottom Run
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single run should probably see several hundred wave encounters to be statistically stable. This is 
trivial to accomplish but the much larger data files are more time consuming to work with and 
that was not warranted for this illustration case. 
  
 The wave model consists of 5 components, the spectral type, (Bretschneider, Ochi-
Hubble, JONSWOP etc.), and then four that are expressed as a function of wave period which 
are, period, ( typically several hundred to several thousand components), component amplitude, 
component direction of travel, and the starting phase.  The statistics of the output spectrum 
should be the same for any input to the starting phase and the phases are usually set using a 
seeded random number generator.   The seeded random number allows the phases to remain 
fixed for multiple cases and runs such that the results, although random, are wave for wave 
comparable.    If the user resets the seed on the random number generator, a new “realization” in 
a completely different set of statistically identical waves will result.   These new realizations 
have been shown to produce significantly different results in time series analyses.    
 

This can be an important issue when you're trying to get a simulation to match a specific 
debris field feature.   Changing the input wave phases to different random values will change the 
results and their statistics even though the input waves are statistically identical.     
 Dr. Armond Troesch and his students at the University of Michigan have developed a 
methodology whereby the spectral components making up the wave field can be made to all 
reach top dead center at a user selected instant in time which produces the largest possible wave.   
However there is a phase lag between the wave excitation and an objects response to it that is 
different for different degrees of freedom so the largest wave does not necessarily provoke the 
largest response.   It is also possible by this method to mathematically create a wave that is too 
large / steep to actually exist in nature by exceeding the Miche breaking limit. 
 
 The connection moments of the masts and bowsprit about the hull are output by the 
software.   The drag on each of the rigging lines is also calculated as an  output. There are many 
different results data sets that can be directly extracted or reduced  in post processing.   What the 
investigator chooses to study is determined by the study goals.   For this study of a fictitious 
vessel, the purpose of the study is to define the art of the possible and to learn what results can 
and cannot be expected and to what degree of fidelity.   The type and quality of the data stream is 
important, the specific numerical values are only of qualitative interest. 
 
Taphonomy of Seabed Objects 
 Two US Civil War era vessels of historical importance were chosen based upon prior 
work to discuss the effects of time on the bottom on the artifacts and debris field.   The vessels 
selected are the USS Monitor which down flooded and sank in a storm December 31st, 1862, off 
Cape Hatteras, NC and the early submarine CSS Hunley which down flooded and sank February 
17th, 1864 in the act of sinking the USS Housatonic at Charlestown, SC. 
 The Hunley was near shore in 8 meters of water until discovered in 1995. She was raised 
and conservation projects have been underway (Jacobsen, et al, 2012) in Charlestown ever since.   
There are holes attributed to erosion corrosion in several places where the water flows due to 
waves and currents acted to sand blast off the corrosion products that formed on the exposed 
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2012)   The taphonomy of the Monitor is tough to describe.  The lower bottom, which landed 
uppermost, is mostly collapsed down into what was the interior of the vessel, but the causes of 
different portions of the damage are not well known.   There is a possibility that the wreck was 
depth charged during WW II.  The location has been swept by a number of severe hurricanes 
during the interval on the bottom which may have caused further damage, obscuring forensic 
evidence. 
 
Accuracy and Limitations 
 "All models are wrong, but some models are useful", or so the saying goes.  The 
methods of modeling described herein are useful in that they allow a first of its kind capability to 
investigate vessels and debris fields that have sunk recently or long ago.   It is possible to 
postulate objects falling off at different depths, during the plunge or being advected on bottom 
impact, and then check the feasibility of those hypotheses by systematic modeling. 
 The modeling method is limited in accuracy by a number of internal and external factors. 
 External factors and limitations include 
• The model requires that the weights and centers of gravity and buoyancy are known as 

inputs.  For many vessels, especially historic or pre-historic vessels, only an approximate 
value is possible.   This is discussed at length in (Kery (2) 2015). 

o Note that Pre-Historic in the context of old ships is any vessel for which sufficient 
drawings and technical data are no longer available in the open literature or via 
standard archive search techniques. 

• For historic and pre-historic vessels, like many of the amphora wrecks found in the 
Mediterranean, the original and damaged conditions of the vessel that lead to the sinking are 
unknown.  The use of historic vessels where witness accounts can help fill in that data, is 
necessary to further calibrate the methodology before it can be widely applied to vessels for 
which the conditions and reason(s) for sinking are unknown. 

• While there are published values for the drag and added mass of many shapes, there is 
usually a lot of scatter in the data they were derived from. In any given case it's impossible to 
know the exact values that apply more accurately than perhaps within +/- 10 to even 20%. 

• There is no published data on the drag of the superstructures of ships in most cases.  While 
this can be approximated as a set of shapes, there is no way to get the blocking effects versus 
azimuth correct without a physical model and wind tunnel testing.   Simplistic models used in 
the design of ship to pier, and ship to ship moorings offer some data, but the accuracy is very 
approximate. (NAVSEA 1987, OCIMF various, Seelig, 1999) 

• The sea bed soil characteristics are usually not known to a level where they can be converted 
into the topography and soil properties that the OrcaFlex program can  use for analysis. 

• The materials of construction for steel ships are relatively easy to find and develop,  but for 
wooden or composite vessels there can be a wide variation in material properties from type to 
type and from board to board within a material type.   Oak for instance has a density 
variation of 40% or more from board to board and from one subtype of oak to another.  The 
actual properties of each of the many different boards and timbers that make up a wooden 
vessel cannot be known exactly.   Even if such a perfect knowledge existed on the day the 
ship was launched, the action of aging, dry rot, fungus attack, insect attack, water logging, 
and a host of other deteriorating factors, will render the true properties at the time of sinking 
largely unknown. 
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• The wave and current conditions that were occurring at the time of the wreck are rarely 
known to any level of fidelity.  They can be approximated from existing data and for similar 
storms as Kery showed for the sinking of the USS Monitor and the SS Edmund Fitzgerald 
(Kery et al, 2012, Kery & Fisher 2012). 

• For sailing vessels, the details of the masts, spars and rigging can only be approximately 
known.    

o Spars can be raised or lowered and the position at the time of sinking is mostly 
unknown. 

o The pretension on any given line is unknown so the dynamic tensions and vortex 
induced vibrations can only be approximated.  The pretension plus the dynamic 
tensions play a very important role in determining the string natural frequencies and 
how close the vortex induced vibration frequencies is to the fundamental and higher 
modes.  The drag coefficient can more than double under some circumstances. 

o Sails can be set or furled loosely or tightly to the spars.  For set sails there is an 
abundance of data on the lift and drag properties. For sails that are furled, no drag 
area or drag coefficient data is known to the authors. 

 
 Internal limitations include 
• The program does not change the flow characteristics due to the presence of an object.  The 

flow is correctly modeled for the currents and waves at the X,Y,Z, time coordinate of any 
given point.   The drag and mass related forces are calculated as well as the input data allows, 
but there are no shadowing or wake effects modeled. 

• There is no built in capability to have objects release from one another except to use a 
network of links and geometry.   This treats the links as if they have properties that must be 
modeled in the time series, making the solution mathematically unstable in some instances.  

• The version of the Orcaflex Software that the authors have available can model a vessel 
navigating along a user defined path and responding to thrust and wing forces due to sails, 
rudders, keels, paddlewheels or propellers, but the side slip or "transfer" in a turn is not 
correctly modeled.  

 
Concluding Remarks 
 
 This paper is part of a trilogy of papers, one describing the weights and centers estimation 
on historic ships was published at the Society of Allied Weights Engineers conference in May 
2015.  A companion paper that goes into greater depth on the sinking phase of the analysis has 
been submitted to the SNAME 2015 Annual meeting.  This paper is more focused on the later 
steps after the objects have been deposited on the bottom. 
 Many additional analyses have begun or are in the planning stages.  Each new ship 
modeled presents its own challenges and opportunities to further refine the techniques described 
herein.    
 A methodology whereby the software can be used to model progressive flooding is  under 
investigation on one vessel.    
 A proposed analysis of the sinking of the Pride of Baltimore 1, would offer the 
opportunity to model and observe the effects of a ship that sank with some sails raised in a well 
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documented manner.   However a precise survey of the wreck on bottom is not known to the 
authors, and that would be necessary to validate and verify the analyses. 
 A proposed sinking model of the RMS Titanic could be used in concert with the latest 
debris field maps to settle some of the arguments concerning where and how different parts 
separated. 
 The replica sailing vessel Bounty that sank in hurricane Sandy would be an excellent 
wreck to study as the decay of the wooden structure could be studied across the progression from 
wooden ship to ballast pile.  Unfortunately, no drawings have come to light that would allow the 
model to be created.  Information from the original HMS Bounty is available but the replica was 
much larger and had different proportions. 
 A sailing warship the Mars has been found in Swedish waters dating from the 1500's.  
Fredriksson, (2015) Because of the brackish waters, which prevent most marine borers from 
reaching the wreck, much of the hull is still intact. While this offers some promise, the bow of 
the ship was destroyed by an explosion that lead to the sinking and that would certainly 
complicate the analysis. 
 
 There are ample opportunities for further research projects associated with this type of 
analysis.  Many universities have existing facilities that could shed useful light on much of the 
missing data with sufficient accuracy to support an undergraduate senior capstone project or 
masters or PhD thesis project. 
 The authors hope that these types of analyses will become useful to a wider cross section 
of investigators of casualties at sea, as an aircraft intact or in pieces can be modeled as readily as 
a ship or any other type of manmade object.    
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