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EXECUTIVE SUMMARY

In April 1996, the National Park Service
(NPS) was tasked with conducting an
asscssment survey of a vessel purported o
be the Confederale submarine /I.L. Hunley
located in outer Charleston Harbor, The NPS
Submerged Cultural Resources Unit (SCRU),
in cooperation with the South Carolina Institute
of Archaeology and Anthropology (SCIAA) and
the UJS Naval Historical Center (NHC) entered
mto joint field operations 1n May and part of
June 1996,

The objectives as stated in the NPS
generated research design were (o
determine:

1. If the cultural remains at coordinates
identified by the National Underwater and
Marsine Agency (NUMA) were Hunldey.

AY

2. 1lf the remains were substantially intact
and could be salely raised for conservalion and
display.

Fieldwork conducted by the joint federal
and state underwater archeology team
detcrmined the vesscl was indeed Hunley, that
1t was substantiatly intact and that raising was
a feasihle and, in fact, recommended alternative
for preservation.

This report discusses the survey operations
conducted over the area using nondestructive
remote sensing instrumentation, excavaton
procedures, analyses of cultural materials
recovered or observed in situ and the associated
contextual environment. It also presents the
rationale for recommended site-treatment
options.



CHAPTER 1

Introduction

Daniel J. Lenihan

This document is the final product of an
interagency research program that involved
cooperation of several staic and federal agencies
and members of the private sector. Primary
project objeclives were to confirm the ideniity,
location and condition of archeological remains
presumed to be those of the Civil War
submarine H.L. Hunley in the outer harbor of
Charleston, South Carolina.

Hunfey was a protolype vessel that
conducted the [irst successful attack on an
enemy ship from under water. It has become
anicon in American military history. The story
began with {ts secretive construction and
mfamous trial runs, which resulted in more
cumutative loss of life Lo its crew than oceurred
duoring battle. Then, a spectacular suceess in
sinking USS Housatonic, followed by its
mysterious disappearance after the astack,
ensured its place in Civil War folklore as well
as history. Various allempts at locating the craft
make for an intriguing cpilogue o the vessel’s
active history.

Hunley is a prized rclic of a Conlederate
heritage still cherished by many in the South,
but a source of some discomfort to other
Americans. Clearly, there were issues in this
project beyond routine archeological site
documentation. As in the casc of other sitcs
mvestigated by the National Park Service
(NPS), including USS Arizona and USS Urah,
Hunley touches a chord in people that makes
“public archeology”™ public in the truest sense.

Despite 118 mstoric and symbolic importance
to many people, work conducted dunng this
project on the vessel assumed to be Hunley was
fairly straightforward and scientific in nature,
The NPS, although engaged in managing
several Civil War sites, served, in this particular
case, only as a provider of technical services in
the field of underwater archeology. A
discussion of the discovery, issue of title and
ultimate disposition of the site are presented in
the admimistrative history section (Chapter 2)
of this report authored by archeologists from
the Naval Ilistorical Center (NHC) and the



South Carolina Institute of Archacology and
Anthropology (SCIAA).

The remains that are the subject of this
project were initally discovered in the outer
harbor of Charleston, South Caroling, in 1993
by a proup of divers afiilialed with the Natonal
Underwater and Marine Agency (NUMA)
working in association with SCIAA (Hall and
Wilbanks 1995), NUMA s a private-scclor
arganization lnancially supported in lacpe parl
and directed by novelist Clive Cussler. Afiera
series of developments descnbed 1n Chapter 2,
the NPS’s Submerged Culivral Resources Unil
(SCRU} wus asked to take the lead n
conducling a site assessment,  The unit had
worked on many US Navy related projecis
including Pearl Harbor, Bikimi Atoll and the
Alcutian [slands and al the specilic request of
the N11C on CSS Alabeame in France und the
US brig Sowmers tn Mexico.

In April 1996, NPS Divector Roger Kennedy
dirvected SCRU to wark on {lwndey in response
(o arequest from D, William Duodley, Director,
Naval Historical Center. Because eld
aperations were intended for May, a month
away, unit archealogists immediately prepared
a research design and estabhshed o working
profocal with archeologists from SCIAA and
NHC. The project rescarch design ts presented
in Chapler 3,

The design was closely followed exeept for
necessary adjustments to accommodate logisiic
delays and Dield exigencies, primarly weather
related. We began with aremote-sensing survey
of the shixly arca. For archeological purposes,
VUSS Housatonic and reported funley remaing
were trealed as separale components ol ong site.
We used all forms of noninvasive lechnology
at our disposal before disturbing the arca with
excavation,  This included a range of
mstruments such as mapnetometer, depth
sounder and various sonar devices, all
positioned through Differential-corrected

Global Positioning System (DGFES). A (ull
discussion ol the instrument package can be
found in Chapter 6 along with the remote
SCNsig resulls,

In briel, the tarpet vemains and those of
Housatonic appear dramatically represented in
the magactomelter record with only one other
stgnilicant anomaly recorded in the wea, The
objecl causing this magnetic anomaly was nol
visible above the bottom sediment Lo side scan
sondr. DBecanse it would have required
excavation to evaluate this unomaly, no attempts
were made 1o determine its nature, Other
mstruments mdicated a relatively unidorm,
undisturbed bottom with little vertical relicl o
the study area. A general diseussion of the site’s
enviconmentad coniexl iy e Chapler 5.

Intrusive feld operations {(digging and
coring) are discussed in Chapter 7, including
excavation stralegy, documentaiion techniques
and backlitling procedures. A detatled
description of {LL. Hunley's renaing as they
appeared during archeologival documentation
1§ presented in Chapier b.

Chapler 9@ consists ol analyses of speeilic
aspects of the sile, mcluding a discussion of site
formation processes, particularly burial
sequenee, scdiment deposition and potential
periods of re-exposure to open sea waler.
Various natural indicators ol post-deposiional
dynamics sich as coral growth and encrustation
by various marine organisms are addressed,
Other problem domains included in this chapler
are questions of hull mtegrity and weight,
critical Taciors For ay poiential excavation,
recovery and conservation operations,

Chapter 10 is g formal presentation ol
conclusions andd recommendations for long-
ternt ucatnient ol the sie, meluding principal
1ssues Lo be addressed tin a complete recovery
of the hull and all associated remamns,

‘Phe assessment proved conclusively that the
NUMA tcam did indeed find and rdentily
fLEL Hunley.

There was noy ighication  thal



the sediments immediately aver the submarine
had been disturbed in the last century other than
the limited tesis around the forward hatch
conducted by NUMA. Several features of
Hunley differed from historical documents, bul

that only underscores the complementary nature
of history and archeology. The written and
matcrial records combined tell a story more
fascinating und accurate than could ever be
achieved by either discipline working alone,



CHAPTER 2

Administrative History

Robert S. Neyland and Christopher F. Amer

INTRODUCTION

This chapter documents administration of
the Confederate submarine H.L. Hunley and the
ncgoliation of an agreement between the
Department of the Nuvy and the State of South
Carolina providing for its protection and
preservation. Hunley was discovered and its
management negotiated during a time when the
political climate in Washington was anti-federal
government. Congress was on a mission of
deregulation, downsizing or liquidating entire
government agencics, and Congress and the
president deadlocked over 1996 appropriations
resuiting in government shutdowns.

Notsurprisingly, Hurniey's discovery raiscd
the issuc of states’ rights over historic propertics
important to their heritage versus federal
sovereignly over United States-owned
shipwrecks within or adjacent to state waters.
Issues surrounding management of Hunley also
reveal the problems faced by both state and
federal agencies responsible for providing

protection and management for underwater sites
and the need for shipwreck investigators to
balance exploration and research with site
protection and prescrvation,

Il is importanl to obscrve that there were
some predictable reactions resulling from
Hunley's discovery and, therefore, some of the
problematic issues that developed could have
heen resolved between agencies through early
coordination and development of an
administrative strategy for managing the
shipwreck. Given the lack of a formal
agrecement between the State of South Carolina
and the Department of the Navy (Navy) or the
General Scrvices Administration (GSA)
concerning exploration and administration of
the submarine, it was incvitable that Hunley
would become a controversial and highly
politicized shipwreck. Some of Hunley’s
predecessors, whose discoveries and proposed
recoveries have resulted in similar controversy,
include the shipwrecks Alabama, Somers,
Tecumseh, Hamilton and Scourge.



Drespite problems occurting during 1995
and 1996, the major players were able to
overcame their differences, Concemns for the
submartne’s salety and how 1o best manage
it led fo exceptional responses, resulting in slate

and lederal cooperation in the munagement of

flundey. Over the course of negotialions
concerning Hundey, the site became one of the
most protected shipwiecks e the United States.

FARLY INVOLVEMENT

The Naval Historical Center’s (NHC)
imvolvement with ffunley started well before ity
discovery, Mark Newell of the South Carolina
Institute of Archacology and Anthropology
(SCTAA)Y had imitially communicaled the
SCtAA/Nalional Underwater and Murine
Apency (NUMA) survey proposal prepared by
SCIAA and NUMA 1o the NIC in 1994, Mr.
Newell requested a review ol the survey
proposal and NMavy avthorization to survey for
and groun truth potenbal anomalics (Newell
1994}, This survey proposal recognized that if
found, Hunfey was properly of the Uniled Slates
povernment under GSA jurisdiction, and thal
in the event of s discovery, 1t was likely that
responsibility for management would be
transierced to the United States Nuvy, This
proposul vecommended creation ol & lunley
Task Foree thal would, “advise the US Navy
via the NIEC and anticipated that the US Navy
would assume the role of lead agency o furlher
work on the sie.”

Tn the NTHC s review of the survey proposal,
they reconmmended that, it Hunley were locaied,
the location be kept conlidential e prevent
lootmg and to provide time tor federal and staie
athorities (0 plan for protection and
preservation (Duodley §994). The NHC
recognized that Tines of communication and
cooperation would have (o he established
between varions federal and state agencies, and
coordination of preservalion and prolection
plans would take some time 1o organize, During,
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this time, the wreck could be vuluerable to those
simply curious about the submarine or who
might have designs on recovery of artifacts or
aven establishing an admiraliy salvage claim
aver the wreck m federal court.

DISCOVERY

The NIIC's first notification of the
discovery came with 4 telephone call from Mark
Newell informing them that Clive Cussler’s
snrvey team reporied they had localed the
wreck. This was later conlirmed by & call from
Wes Hall of Clive Cussler’s team. The NHC s
stal T becume increasingly concerned npon
hearing, reports ol the discovery released in the
national press.

NIIC staff notlified GSA's lederal
Preservation Officer (FPOY and the Property
Management Division, 1L was not at all certam
which division of GSA should, or would, take
responsibility. Even though the logical
authority would be the FPO, administration of
Hunley 1n fact stayed within the Property
Management Division,

Li became apparent that any site verilication
could not he immediately conducted without
aiving away location of the site to (he news
medin or other interested partics, A prediclable
reaction was the involverment of State of South
Carolina clected ollicials, who understandably
had a keen interest in funley wnd its role in
South Carolina history., They reacled very
guickly, perhaps as a response 1o the evolving
controversies in the media, but also possibly due
lo the association of many with the Sons ol
Confederale Velerans (SCV) camps in South
Cuarolina and Georgla that had supported
surveys o locate Huandey, Senator Glenn |,
MeConnell, a prominent SCV member, was
appoinied chairman ol the South Carolina
Huntey Commission {the commission). Within
only ten days of funley's discovery, on May
17, 1995, Senators McConneli, Passailalpue,
Rose and Giese introduced nto the slate



legislature a South Carolina Concurrent
Resolution (8. 844} that mcmorialized
(petitioned) the Uniled States Congress (o dirvect
the General Services Administration to transfer
ownership of the remains of the attack
submarine and to create a nine-nember
commission consisting of three members from
the House of Representalives, three from the
Senate and three appointed by the governor.
The South Carolina Hunley Commission would
beeome the ultimate legal authornty representing
the state’s interest in Hunley, assuming
authority over the Soulh Carolina Office ol the
State Archeologist and the State Hisloric
Preservation Officer (SHPO) (Cook 1995).

An immediare and direct benefit of this
intense political inlerest was the Coast Guard’s
creation of a Regulated Navigation Area (RNA)
of approximately one square mile over the
Hunley site. This RNA went into effect on
August 1, 1995, and was initially to stay in effect
for only 90 days. The sccurity zone prohibited
diving, dredging, anchoring and sulvaging in
the RNA with a $25,000 fine plus forfeiture of
any vessel caught violating the RNA.

The RNA was extended indefinitely at the
request of the Navy, and the NHC became the
primary Coast Guard contact for violations.
Additional protection was unplemented by the
Navy through installation of a twenty-four-
hour-per-day remole camera monitoring
system. Images from the camera are transmitted
1o the dispatch office at Naval Weapons Station
Charleston whera security personnel monitor
the site and the Coast Guard is summoned in
the event of an unauthorized presenee or activity
in the RNA.

The South Carolina legislature also acted
promptly to strengthen South Carolina’s laws
by amending the [976 Code of Laws with this
addition:

Section 54-7-815. Notwithstanding
any other provision of law, no person
may excavate or salvage any sunken

warship submerged in the waters of the
Atlantic ocean within three miles of the
South Carolina coast where there are, or
it is believed that there are, humun
remains without the approval of the
State Budget and Control Board. A
person violating this section s guilty of
a fclony and, upon conviction, must be
fined in the discretion ol the court or
sentenced to a term of imprisonment
not to exceed five years, or both.

Although the NHC debated whether or not
Lo become involved, they began 1o receive calls
and letters requesting that they take action o
protect the submarine and oversee its
management. Apparently the public expected
NIIC o lake the lead to represent the federal
government’s interest in Hunley., With
introduction of bilis in the United Statcs
Congress to transfer title 1o the State of South
Carolina, the Navy and other federal agencies
became concerned about Hunley's fate and the
precedent thal would be cstablished for other
naval wrecks. Both the NHC staff and others
viewed federal preservation laws as the best
legal and regulatory protection for Hunley. The
many {ailed attempts to raisc naval shipwrecks
and the resuliing disasters, such as occurred with
the wreck of Civil War-era USS Cuaire (Bearss
1980; McGrath 1981), also influenced NHCs
decision to becorme involved.

The GSA’s staff, certain that Hunley was
federal property under their jurisdiction, wanted
to transfer Hunley to another federal agency;
however, they considered that since it was an
historic artifact of national significance they
should first offer it to the Smithsonian
Institution (Johnson 1995). The Secretary of
the Smithsonian deferred management to the
Navy, but did express his interest in the
passibility of exhibiting “this icon at the
Smithsonian on hehalf of the American people™
(Heyman 1995),



GSA then ofTered the submarine (o the NLIC
on July {3, 1995, The wunsfer was only in facr
a transfer ol responsibility for management
becanse GSA altorneys determined they could
not legatly transter full accountability withoul
violating the Nutiona! Fhislovie Preservation Act
ol 1966 (NHPA) (Beres 1995).

Predictably, this offer to the Smithsonian
atarmed South Carolina polincians who were
determined 1o bring funiey home 1o Charlesion
to which s history was closely ticd and who
also surmised thal Hunley's historical
meerpretation could end up in controversy hke
the World War tl aiceraft Fuola Gay. While
federal agencies were indecisive about who
woilld handle the submacing, the State of South

Caroling moved toward legislation (o transfer

Hunley divectly 1o the state.

On July 277, 1995, the Untted States [ouse
of Representatives Subconumitice on Fisheries,
Wildhi{e and Oceuns held a hearing on the bill
{(H.R. 1741} introduced by Representutive Mark
Sanlord of South Caroling (0 transler tide 10
Hunley to the Staie of South Cuarolina and
establish a federal oversight commintee 1o advise
on preservation issues. Alse on the same day,
the CSS Hunley Conveyance Act ol 1995 (5,
1084) waus 1iroduced into the Senaie by
sScnalors Thurmond and Hollings, which
provided:

a.  Conveyance Required — The
president shall direct the approprinte
fedecal official to convey (o the State of
South Carolina, withowt consideration,
all nghi, ttle, and nterest of the United
States in and o the CSS flunley, a
sunken Conlederate submarine lociled
i a harbor in close proximily
Charleston, Sowth Carolina,

b, Terms and Condhtions The
olficial under  subsection (i) may
require such ferms mwd conddions in
connection with the conveyauce under
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that subsection as the official considers
to be necessary 1o ensure the proper
preservation ol the C8S Hundey (Uniied
Slales  Government  Printing OGlfice
[993),

South Caroling was not the only state with
aninterestin Huntey, The citizens and elecled
olficials of Alabama ulso expressed interest,
which led 1o the melusion of a statement in the
House of Representatives” Department of
Delense Appropriations Bill, 1996, directing the
sceretary of the Navy 1o give “specral
consideration . .. 1o historicat factors such as
the place of construction of the vessel, stale of
the vessel’s home port, and home state of the
majority of the crew” when determining o
displuy location for {unley. Alubama’s interest
wounltd eventually wane, although they
continued 1o support federal management. [n
the House Comnittes hearing on FLR. 1741,
Alubuma Representative Sonmy Calahan staled
that Congress should notinterfere with federal
agencieys nor make an exeeption to the federal
preservation laws (o transfer tutle to South
Carolinmin the case of Hundey, and that il special
legislation 1s Inttated “Alabama will compete
[or fluntey on a devel playing field.” The
Honorable Richard Shelby of Alabama also
requested recognition o Alabama’s and the eny
of Mobile’s miterest in belng consulered ag a
location to exhibit Hundfey (Shelby 1999),

The Chinton Administration wonld
eventually appose the Senate bill oo the basis
that 1 did nol adequalely cosure preservalion
of the wreck ol Hunley:

The  Administration
passage ol 5.

OPPOSCS Senaic
[, because the bill
Fls to provide adequale saleguards o
puarantee the CSS Hdey's lony-term
proteciion and preservalion.

The Hunley 15 a wreek ol natongl

stpnrlicance,  and  its loag-term



prolection and preservation will require
substantial financial and material
rcsources.  In the past, non-federal
ettorts to recover and exhibit Civil War
wrecks have failed, in part, because of
the absence of such resources. The
Federal Government can best provide
the necessary resources, protection and
aversight.

Federal control of the wreck, however,
does not preclude the State of South
Carolina fromconducting archeological
activities al the site, Federal law allows
the State, under permil issued by the
Federal Government, to study, recover
and cxhibit locally the wreck. Work on
the CSS Alabama is an excellent
example of national oversight of an
important archeological project
performed, under federal permit, by a
local  mnonprofit  organization
[Department of Navy 1996].

The Department of Defense would also
cventually oppose S, 1084, however, well after
an agreement between the Navy and the South
Curolina Hunley Commission was rcached
(Miller 1990),

On August 22, 1995, the NIHC initiated a
meeting of the Federal Oversight Committee
for Hunley. Ajencies represented at this
meeting were the Advisory Council on Historic
Preservation, GSA, thc National Park Service
{NPS), National Oceunic and Aimospheric
Administration (NOAA), Smithsonian
Institution, Department of Justice (ID0OJ) and the
Navy. The consensus of this meeting of federal
agencies was encouragement for the NIIC to
uphold federal title and apply [cdceral
preservation laws to the submarine, The
Advisory Council on Historic Preservation
offered to draft a programmatic agreement
implementing the NHPA. The NHC and the
other federal agencies envisioned the tesolution

to disputes regarding [{unley in a programmatic
agreement between the Advisory Council,
South Carolina SHPO and NHC, possibly with
groups such as the commission participating as
concurring partics, if they chose.

It was not until Qctober 1995, that Clive
Cussler transferred Hunley’s coordinates Lo the
NHC. Until this time, neither a federal nor state
agency had the coordinates, which was prebably
best for [Iunley, considering the intense public
and political interest. Other groups and agencies
had attempted to gain access to the coordinates
including the Hunley Commssion and the US
Army Corps of Engineers/Charleston District.
In addition, the NHC received a request under
the Treedom of Information Act (FOIA) from
the General E. Porter Alexander Camp #158 of
the SCV for all materials generated by the NHC
concerning fA.L. Hunley or addressed to or
containing the names ol several listed specific
individuals and organizations (Ilighsmith
[995). Fortunately, the NHC had prepared {or
such a request.

Prior to these requests, the NHC, pursuant
1o Section 304 (a) of the NHPA, had requested
and received authorization from the Keeper of
the National Register to restrict sensitive
information, including specific location of the
wrcck’s cargo that could encourage looting,
existence of armaments and knowledge of grave
sites. Access Lo this information would be
evaluaied on a case by casc basis, dependent
upon other agencies’ needs 1o evaluate their
actions under Section 106 or legitimate requests
for access for the purpose of scholarly research,
which assurcs protection of restricted data
(Dudley 1995; Schull [995). Restriction of
sensilive information is also permitted under
Section 9¢a) of the Archcological Resources
Protection Act of 1979 (ARPA). Tn addition,
this restrictive information policy was
implemented in a Naval Historical Center
Instruction,

Therefore, under the NHPA, ARPA and the
NIIC’s policy, the coordinates were exempted



from the FOLA and other requests. The
comimnission wus also faced with linding the
appropriate legal and administrative protection
for the coordinates when these were transterred
from the NHC to the commssion (Coolk 1995),
This was accomplished by entering fanfey's
coordinates, as well as all information repasding,
the sile, into the South Carolina State Sile Files.
The Hunley site was given the State Site Hile
nitmber 38CH 651, Under Sechon 54-7-820
{A) of the South Cuavoling Underwaier
Antiguitics Act of 1991, records pertaming to
the state’s submerged archeological sites,
including coordinutes, “are nol considered

public record [or purposes of the Freedom of

Information Act” (S.C.C.L. Article 7, Chapter
54, Scctions 610850, 1976).
NEGOTIATIONS

On Octlober 24, 1995, the funiey
Commission requested o meeting with NHIC
staff in Washington. 'The NHC assumed this
would be an informal meeting at the Naval
tistorical Center,  As the date approuched,
however, 1t was Tound that jnstcad the mecting
was scheduled Lo be held in the Senale wing of
the Capitol building with Senators Thurmond,
Hollings and other members of the South
Carolina delegation present. NHC mecting
dircetly with members of Congress without

prior knowledge and approval of the head of

Navy Commuand and the Department of the
Navy’s Ollice of Congressional Allairs was
strictly against Navy protocol and regulations,
Very quickly the Navy s senior civilian lawyer,
Steven S, Honigman, gencral counsel, was
appointed as the Nuvy's chiel spokesperson for
this meeting.

It was clear that this meeung could set the
siage for lederal and state cooperation. The

Navy’s goals in allending the meeting were (o
hear the South Carolina delegation’s coneerns,
avoid discord und deal with the issues af a
working level, The commission shared snnilar
hapes of resolving any conflicts and moving
ncgotiations with the Navy forward in order to
preserve Hunley, As stated by Senalor
McConntell, “I1 is our hope o reach some
common arcas of understanding and (o be able
to work together as a tcam and avoid any
adversarial relationship regarding the Hunley”
(McConnell £995), At the mecting, the
commission and the Navy lound they shared
stnilar goals of protecting and preserving
{iundey, although they were concerned about
diffcrent aspects of Hurley's managemant,
While the Navy saw sclection of appropnate
plang lorexcavation, recovery, conservation and
existence ol adequate funtding as then principal
comeerns, the commission locused on interment
ol the crew’s remains and Final exhibit aond
interpretation of the submarine’s history, The
comnission suggested sharing titlle; however,
the Navy suggested temporarily puiting the title
155ue asde. The Navy also supporied locating
Hundey in the Charleston arca.

Meeting pavticipants ageeed the Navy would
manage the seientilic and archeological aspects
ol sie survey, recovery and conservation of the
submarine, and the State of South Caroling

would oversee interpretation and exhibition of

the submarine and have the right 1o inter the
crew’s remains as the commission deems
appropniate.  The commission would submit
thetr mmterment plan €0 the Navy for review and
comment. In turn, the Navy would submit an
agreement oullining the state and federal
partaership to the commission. Inaddition, the
Navy would request site coordinates from Clive
Cussler and eventually share these with the
commission.  Dissension remained over
ownership and tile.



DISSENSION

Despite the best intentions, relations
between the commission and Navy deteriorated
over the title issue, relcase of coordinates,
comments on the commission’s reburial plan
and the proposed site assessment. Another
probtem was that direct communication
hetween the NHC and the South Carolina
agencics (Hunley Cominission, SCIAA and
SHPO} wus restricled as a resull of actions on
the part of both the Navy and the commission.

Aletter dated October 31, 1995, from John
Hazzard, Hunley Commission Attorney,
addressed to Senator Strom Thurmond’s office
asscrtcd that the Department of the Navy had
attempted “to circumvent the Hunley
Commission in its effort to gain control of the
H.L. Hunley.,” Presented as cvidence were
drafts of a meraorandum of agrcement and
programmuatic agreements sent 1o the South
Carolina SIIPO and letters to SCIAA. This
resulted in explicit instructions from Navy
counsel that all communications were 1o he
routed through the Navy’s Office of General
Counsel.

The commission instructed the South
Carolina SHPO and SCIAA not to discuss
matters of Hunley — specifically any agreements
—with the Navy. Atthis stage, only the lawyers
were allowed to talk directly. An unfamiliarity
with the NHPA and its implementing
regulations on the part of officials both 1n the
Navy and South Carolina in part contributed to
misunderstandings and difficulties in
ncgotiating an agreement.

The draft programmatic agreement, which
had initially been drafted by the Advisory
Council and that the NHC had formerly
submitted to the South Carclina SHPQO, was sent
dircetly to the conmumnission for review. This
document contained provisions for perpetual
display of Hunley in a lacility located in South
Caroling, recognition that title to Hunley

remains with the United States, precise
coordinates would be provided to the
commission under appropriate guarantees of
confidentiality, and establishmenl of & process
for resolving disputes between the Navy and
the commission.

The commission rejected the agreement
stating that it treated them as an intcrested party
not a partner, it asked them to recognize [ederal
awnership, gave the Navy final decision-
making powers and they had yet to hear about
review or approval of their interment plan and
plans for a ITunley site assessment (The Post &
Courier 1995). Also, the coordinates, which
had yet to be shared with them, had become a
matter of trust. In addition, Senator McConnell
protested that not being able to talk directty with
the NTIC staff “treats [the] Commission as
litigants, which makes cooperation difficult.”
Nepotiations were hampered further when the
commission passed a resolution prohibiting
them from cntering into any discussions
whereby South Carolina rclinquished their
claim to title. The Nuavy also expressed
difficulty in communicating and receiving direct
responses to the Navy’s proposed agreement.
[l was obvious that if the differences were not
resolved soon, the negotiations would
disintegrate into a long and expensive logal
battle that would not benefil the State, the Navy
or Hunley.

Deterioration of talks was also beginning
to jeopardize legislation in Congress that was
important to the Navy, which was likely to be
held up by the South Carolina delegation. To
help diffuse the situation, the Navy appointcd
William Cassidy, Deputy Assistant Secretary
for Conversion and Development as the new
point of contact with the comimssion, M.
Cassidy, who had been involved with the Base
Realignment and Closure (BRAC) of the
Charleston Navy Yard, allowed the NHC to talk
directly with the commission and SCIAA,
particularly on technical matters.



As u dircel response to congressional
pressure, Navy atlorneys began cxamining
whether they could transfer stie coordinates and
[fundley’s management direcily 1o the
cammission by placing the conditions of the
agreement inlo & letter format that would be
more acceplable, Towevey, Scctions 106 and
IO (1) of the NHPA rvequire that historic
propertics be taken into account during a federal
undertaking and prohibits delegation ol lederal
ogversipht. Roth the NHC aond the Advisory
Couneil called attention to the Navy's
responsibilities under the NHPA and that the
council and the Navy had been developing a
programmatic agrecment, pursuanl to NEHDPA
repilations, since Aupust 1995,

RESOLUTION

I the end, 1t was the sile assessment that
wolld allow the programmatic agreement 1o go

forward, for it was thig that fostered o spirit of

trust and cooperation between the two partics.
As carly as November [, 1995, the commission
had expressed mterestin i joint state/federal site

assessment, i order (o evaluale proposals for

how Hunfey will be managed in the recovery
phase and 1o answer questions about the curcent
status of the siie,

Aot expedition was agreed upon, and the
coordmales were shared with the commission
on January 31, 1996, In a Pebruary 20 letier to
Senator Glenn MeConpell, D, William Dudley,
of the NIC, outlined survey goals and
parameters and recommmended o partnership
belween the NPS's Submerged Cultural
Resources Unit (SCRUD, the Underwater
Archiacology Division of SCIAA and the
Underwater Archacology Branch of the NiIC,
This course was also recommended 10 the
Assistant Seerctary of the Nuvy and Deputy

Assistant Secretury of the Navy on the basis of

potential threats o the submarine (tom theli and
vandalisi and the extremely politicat and

publicly sensitive situation (Dudley 19906b;
19966,

PROGRAMMATIC AGREEMENT

Afler numerous revisions and months of
negotiation, the programmalic agrecient
between the Husnley Commission, South
Carolina SHPO, the Advisory Council, GSA
and the Navy went into effect on August 6,
1906, ‘This agreemeal provided a means oy
the Navy (o [ullill its Sceetion 106 requirements
undler the NHPA, 1L seiited the issues of
ownership and siting: the “United States of
America shadl retain tithe to the Hunley, and the
Siate of South Carolina shall have custody of
the Hundey in perpetyily.”  Sie prolection 18
addressed (hrough the continuation of the
present seeudrily measures, and site protection
and stabilization is the primary objective until
acceptable plans and lundimg are m place lor
archeologieal investigation and tecovery.

A [herdey Oversight Commiltee (same as
the Pederal Oversight Committee) will provide
puidance by reviewing and commenting upon
proposals tor archeological mvestigations. [n
addition, organizations al the national, state and
local tevels that have an interest in the
archeological tvestigations of Hunley will also
be provided areview and comment period. The
Navy will provide an opportunity flor
mdividuals and organizations to submit
proposals for the archeological investigation of
HHunley by duce process notilication in the
Federal Register. Proposals submitied to the
Navy musl be comprehensive, include a
financial plan and comply with the federal
standards for archacology.

A Memorandum of Understanding between
the Navy and the repository for the collection
must also be executed. The commmisgsion will
cecommend a locanon for stabiltzation,
conservation, curation and exhibition ol fluniey,
alter consultation with the Navy, the Advisory



Council and South Carolina SHPQO. ‘The Navy
will determine whether the proposcd facility
mects the standards for long-term curatorial
services. Once selected and appraved, the
curation facility will be loancd Huwnley in
perpetuity, provided they abide by the terms of
the curation agreement,

The statc will reecive all [inancial benefits
and revenues generated by [unley’s exhibition,
This agreement does not obligate the Navy to
commit funds to Hunley’s management cxcept
those for administrative duties under the
agreement. This agreement may be amended
or terminated, except for those sections that
determine title and custody and lecation for
curation and display.

FUTURE

The future for H.L. Hunley is promising,
with creation of the partnership belween the
Stale of South Carolina and the Depurtment of
the Navy, and development of the
programmatic agreement that cleatrly outlines
adminisirative procedures and responsibilities,
Also favoring the submarine’s protection and
prescrvation is the intense inlerest and
commitment of the State of South Carolina’s
elected officials. including both those in the
state legislature and the United States Congress.
Creation of the Hunley Commission has
pravided lcadership at the highest Ievel. This
lcadership will be essential 1n locating and
securing [inancial resources and iechnical
experlise necessary for IHunley 1o be raised and
conserved. Many questions remain concerning
feasibility of an archeological mvestigation,
recovery, conservation and an eventual exhibit.
The programmatic agreement between state and

13

federal agencies, however, insures that any
plans will be properly reviewed and hasty
actions that might jeopardize the submarine will
be avoided.

SUMMARY

The discavery of Hunley was fraught with
controversy and a patentially costly and time-
consumnng legal battle over ownership was
narrowly avoided. Similar controversies and
disputes over ownership have arisen with other
naval shipwrecks. Issucs of federal ownership,
managcement, and administration that arosc with
the discovery of Hunley emphasize the
importance of earty coordination between state
and federal agencies.

Once elected representatives become
involved there can be intense pressure put on
slule and federal agencies. As in the case ol
[unley, their involvement can directly benefit
the resource 1t they are provided with accurate
information about site management and
protection.  When there is an attempt to
circuinvent cstablished laws, however, theee is
potential for chaos, with potentially dire
consequences for the archeological resource. In
the end, the NHPA protected Hunley and,
politics aside, the system worked o forge a state
and [ederal alliance.

The case of Iunley also provides a valuable
lesson for archeologists. It is easy to become
overwhelmed by the rapid progression of events
surrounding the discovery of a significant
shipwreck., Prior to searching for such
shipwrecks, it is important to consider their
admimstration and that the protection of
information such as location is cthically
responsible and justiliable under the Taw.



CHAPTER 3

Research Design

Daniel J. Lenthan and Larry E. Murphy

RESEARCH OBJECTIVES

1) Confirm identity of the reported vessel
remains located at coordinates provided by the
Naval Historical Center (NHC) as that of H.L.
Hunley; 2) Documenl the site to the cxtcnt
condilions permit; and 3) Evaluate {easibility
of excavation and removal of the vessel remains,
It should be noted that normal behavioral
problem domains will, in this case, be secondary
1o the prime objective of identity confirmation
and evaluation of recovery feasibility, The main
excepiion will be investigation of site formation
processes — efforts will be made to isolale
cultural dynamics from the natural processes
thai have resulted in the site being at its present
location and state of preservation.

This design is purposely ambitious and is
presented here largely as it was developed prior
10 the 1996 field project, which 1s why it appears
in the future tense. Lt presents an ideal strategy
that assumed instrumentation and personnel
would be made available, and there would he
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no major delays in logistics or weather. The
initial proposed operational period was reduced
by a week due to logistic probicms and funding
delays. The principal investigators and field
director determined which priorities identificd
in this design would be kept, and which
sacrificed, to meet core ntission objcctives
identificd by the NHC and the Hunley
Commission (the commission).

RESFARCH METIIODOLOGY
NONINVASIVE STAGH

Investigators will cxamine the site with an
array of remote sensing insiruments Lo
determine the nature and distribution of cultural
remains and to defline the geological matnx of
the site. ‘They will gather other environmental
information appropriate to understanding
engineering constraints on recovery of vessel
remains.



Instrument Coverage

[nvestigators will define a block that
incorporales suspected Hunley remains and
residues of USS fousatonie and subject the area
10 high resolution magnetometer coverage. This
18 1o be conducted on ten-meter transect sampie
intervat with appropriate Lie lines. T agsocration
with magnetics, acquire bathymetry and
RoxAnn bottom classilication data (e.g., sand
lype, roek, grass) in a formal appropriate for
Geographical Information System (GIS)
display.

A predisturbance survey will be conducted
including inlrasite sub-boitom profiler with
Fdpe Tech X-STAR chirp profiler mounicd
on a sled and pushed by divers. [Note: Diving
conditions did not allow use of the sled: ntrasiic
sub-botlom proliling was accomplished by
towing the mstrument on five-meter transects
over the site.] The objective is 1o profile the
Ll and strata, including possible surface scour
and evidence ol burted wreck-conlemporary
scour, There may be shiell luyers that diminish
profiler vesoluton. The study arca will be
surveyed by depth sounder and side-scan sonar
to locate surface features in the immediate area
and to ascertam il the sediment covering the
site is anomalous to the general arca, which will
be an important fuctor for reburial and sile
monitoring.  Arcas survounding hull will be
systematically examined with melal detectors
and ahand-held cesium magnetometer supplicd
by Geomelries, Inc, through the Instituie of
Nuautical  Archacology, Texas A&M
Untversity. Anomalous areas will be flugped
and hand-fanned or probed, and any material
located will be recorded 1n situ and mapped.

Conventional boat towed instrument passes
of the sub bottom profiler will be mude Lo
determine sediment matrix of cultural malerials
in the general arca of the excavation. This will
be important for the eventual recovery phuse.
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The strumentation and post-processing of
these data 1o be provided by source other than
the  Submerged  Cultural Resotnces Unit
{(SCRU}Y; however, SCRU will provide posi-
tioning and will be responsible for integrating
information derived [rom this source into the
final report.

Al instrument coverage 10 be positioned
with differential GPS {DGPS) provided by
SCRU.

Gieneral Sediment Transporl Dala

Sediment transport processes will be
examined for determination of present and
luture stability and Lo provide buckground [or
determination of best short-lerm stabilization
procedure [oe site alter excavation,

Cormng

Short, hand-driven cores will be used near
the sile and at sufficient distance Lo determing
ambient conditions and sediment composition.
[ possible, tonger cores may be laken and
analyzed for aiding sub-bottom profiic data
interpretation.  Sub-boliom prolile data
interpretation shonld provide a reliable
strutigraptiuc profile of the immediate area and
delincale any wreck-generated features such as
scour arcas that would infornr on site formation
and burial history.

Core unalysis should include stratigraphic
profile and constituent analysis,  If University
ol South Curolina supporl is avatlable,
radiometric analysis CPb and *Ce) should be
This analysis will provide an accurate
mdication of sediment disturbance depth for al
least the last 50--100 years,  Core analysis is
necessary 1o produce information on burial
history, history for
reconimiendalions us (o the best method for
ensuring 1n situ slabilizalion,

clone.

Corrosion and



Oceanographic Data

Wave height and periodicity averages and
peaks need to be determined. Prevailing
currents and turbulent water motion as a result
of natural factors and boat traffic need to be
characterized. This information should he
available and not have to be generated as part
of this project. If avatlable, data will be included
in the final report,

OVERBURDEN REMOVAL,
DOCUMENTATION STAGE AND
REBURIAL

Removal

Sand and silt overburden is to be removed
from site using water induction dredges. All
dredges will be handled or controtled by an in-
watcr archeologist who will be responsible for
recording the naturc of scdiments they are
passing through, ensuring that they arc not
artifact hearing or cultural strata or that the site
is being unacceprably impacted in the sediment
removal process, Purpose of remaval 1s to
expose enough of the site to confirm its identity
and permit in situ mapping and documentation.
Spoil will be deposited around the hull for
reburial. Dredge exhaust will be placed so as
to minimize loss of sedimentary fines so they
can be used for reburial,

Because hull remains reported by the
National Underwater and Marine Agency
(NUMA) discovery teum are full of sand,
extreme care must be taken Lo not undcrecut
portions of the site in a manner that would allow
internal weight of the sand to place enough
stress on the hull to cause deformation or
collapse. Although it is expected that there will
be some adverse impact on the site from any
invasive process, the intent of operations in this
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design will be to minimize such effects and to
conduct minitmal impact documentation. If at
any point the process is deemed to be too
destructive to the resource, the co-principal
investigators (Co-PlIs} or field director (FD) will
have the authority and responsibilily to halt the
operations.

Buring excavation, hull encrustation will be
closcly menitored for:

4. any breaches in hull;

b. color changes that may indicale various
levels of corrosion and would isolate corrosion
sample areas;

¢. cvidence of buckling or distortion —
inlact encrustation indicates the area is stable
and fealures are probably wreck related;

d. cracks in encrustation, platcs or scams,
cspecially ones that appear recent or OCCUITing
as d result of excavation, cspecially if fine black
orrusty sedimenlt is present or small gas bubbles
are released, which indicatc integrity of
encrustation has been breached — if cracks or
bubbles appear, excavation will cease and the
Co-Pls or FD should be notified immediately;

e. any unusual or fragile features.

Excavation exlent will be determined by
conditions on site by the Co-PIs and FD. If the
hull appears to have sufficient inlegrity, the
upper surface will be completely uncovered.
The bow and stern will be excavated for
examination and documentation, [Note: A field
decision by the Co-Pls and FD reversed this.
The rudder, propeller shroud and screw were
left undisturbed, and the bow was excavated
only enough to examine for presence of the
torpedo spar or fittings. Investigalors were
concerned that they inadvertently harm these
delicate arcas given the very low visibility
diving conditions.] It may be inadvisable to
completely excavate the lower hull because it
may shilt uncvenly and cause damage. Some
examination of the hull is ncccssary to assess



integrity andactive corrosion level, Appropriatc
procedure will be deternined through oo-site
analysis.

Post dive observauons will be recorded by
each archeologist tmmediately alter cach
cxcavaton dive and added daily o the daity site
tog.  Any acecessible interior arcas will be
samipled at teast for dissolved oxygen and pll.
I possible, interstitial water will be collected
frominterior sediments (or laboratory analysis,

Documentation

A series of documentation technigues will
be employed on the site after it 1s fully
uncovered or in stages depending on field
judgments reparding site lragility, Photo and
video umaging will be part of the tool Kits
employed although it is recognized that low
visibility conditions will compromise resulls
using these techogues,

Conventtonal Mappiog

Underwater archeological mapping
speeialists will be made available by SCRU 10
draw in detail portions of Lhe sile exposed
through excavation.

Standard hoto Documentation

SCRU sialt phitographer will usce a scries
ol (ilm and Lghting forinats 1o pholtograph
remains when exposed. [Note: Still photogruphy
was also accomplished by South Curolina
Institute of Archacology and Anthropology
(SCIAA) stalf and a volunteer toward the end
ol the project as water conditions cleared. |

Convergent Phologrammetry
To be done using [tlm captured from video

ar digital camera system, depending on
conditions and logistic constraints. [Nole:

L8

Diving conditions dhd not allow vse of thig
technique. |

Reburial

Scdimentologists will be consulted o
determine the best proceduse, whether 1o use
spoil removed during excavation (diminished
sediment fines may aller resuspension
characleristics), cxcavale new material rom
around wreck or mnlroduce 1deal exotic
sediment.  BDetermination of appropriate
procedure will be Trom a combination of
consultation with sedimentologises, remote
sensing data and on-site ohservatioms.  Post-
bural analysis will be by high-resolution depth
sounder survey o ensure arca is not anomalous.
Il possible, area will be resurveyed one week
after rebucial 1o verily stability.

Corroston/lineineering Studies

a. Visual ingpection on site by a Navy
salvage officer andfor, if possible, o corrosion
cagnecr. Obhservations of general state of
encrustalion with anomalons arcas such as
cracks, thin arcas, cscaping gas and
discoloration musl be noted,  During
excavalion, hull wilt periodically be examined
for cracks and cscaping gas thal represents
disrupiton ol encrustation that may mdicate hull
distortion resulting from sedimen removal,

b. Electrochemical status ol hull 15 10 he
determuned by bathycorrometler measurements
ol specifie sites. These sites will vequire deilling,
through encrustation or removal ol simall arca,
about 2 inches square, lo oblain areading, Buach
reading is takeu for more than a minute to oblain
a stable result. The pH data should be tuken
concurrcnlly.  High pH indicates laster
corrosion activity. Both measurenmenis should
be taken pertodically ar dilferent depihs as the
drill penetrates the encrusiation. Depth of
encrustation 1o solid metul should he vecorded.



Collection of these dala provide a bascline
against which future measurements can
derermine if corrosion is increasing. {Note: Use
of a pneumatic drill proved ineffective against
the tough encrusting layer; therefore, these
measurements were not taken.]

An ultrasonic thickness gauge will be used
at the same location to record hull plate
thickness. Ideally, this will be coordinated with
in-water positioning, video and computer
recording of visnal and sensor data. A cotresion
engineer is nccessary ta interpret data and
characterize corrosion status, current Corrosion
rate and to assess potential for interrupting
natural encrustarion process in anticipation of
vesscl recovery, For example, installation of
sacrificial anodes has been demonstrated to stop
active corrosion and initiate the conservalion
process in situ prior to recovery.

¢. Ambienl Environmental Measurements
— Basic seawaler and scdiment data inchuding
temperature, dissolved oxygen, salinity and pH
is necessary. Measurements should be made
close to the hull and at a distancc for
COMmparison.

d. Biological Activity — Note presence of
burrowing fauna in seabed and cncrustation.
Determine species of colonizing communilics
and cvidence of past activities on all surfaces.
Microbes are indicated as contributors to
corrosion processes (at least one source states
60% of corrosion in anaerobic conditions can
be attributed to sulphatc-reducing bacteria).
Some samples of encrustation will be collected
for micrabial examination, particularly in buried
areas.

e. Mectallurgical Status — Cast iron
corrosion causcs substitution of graphite for iron
in surface layers. Corrosion engineers will be
consulted for techniques for measuring depth
of hull corrosion as represented by depth of
graphitization. Knowledge of current hull
strength 1s nceessary for planning appropriate
recovery stratcgy. Detailed modeling of
corrosion rate ol Hunley's hull may create an
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effective dating method for iron objects located
in Charleston Harbor and surrounding areas
with similar environmental variables. Castiron
and wrought iron corrosion processes arc
somcwhat different. Both cast and wrought iron
were used in construction of Hunley, and these
areas should be examined independently. Il is
possible that the cast iron of the hatches may
he in less stable condilion.

f. Determination of Burial Ilistory —
Questions such as “Has the site been buried
continuously sincc its initial stabilization?” and
“What is the nature of the surrounding
sediments?” will be addressed because they
affect the nature of recommendations for post-
asscssiment site stabilization. Tor example, after
excavation and hull documentation, what will
be the best backfill procedure lo insure
protection and restabilization? Would il be
better to back{ill with removed sediments,
which may lack fincs; remove surficial sediment
from around area {0 recover; or to import exotic
sediment or sandbags? Answering other
questions like “Ilas the hull been subject to
periodic exposure and reburial events as a result
of natural processcs?” may provide insight inlo
hull stability and strength. An indication of
cxposure and reburial sequences may be
presence of black bands within the encrustation
whercas uniform white encrustation indicatcs
constant burial. Comparisons of Hunley hull
top, sides and battom will be conducted if it is
possible to do so without causing damage or
negative site impact.

Report

Gencration of the final written report will
be SCRU’s respansihility, which will involve
inlegration of all information generated from
the survey and inclide contributions from all
appropniate investigators. It should be noled
that much of the processed data will be best
displayed and understood in electronic formats.
Such information will accompany the written



report n lape, C1-ROM or other appropriate
media. The [tnal report will be completed and
forwarded Lo the Navy for transmitial 1o the
conNMission.

There will, however, be a number of slages
of preluminary reporting in which most of the
survey results will be released as soon as they
can be made available m draft form. Some of
this will occur before the team leaves
Charleston.  This includes dralt images,
preliminary evalualion of lhe sile by project
personnel, select raw video footage and other
ilems that should allow the Navy and the
commuission 1o procecd with their planning and
cxecution ol the next phase of the flunley
Project,

Project Responsibility and Accountability

t. Overall authorization of project and
decision on ultimate disposilion ol fHunley
remains: Dr. William Dudley, US Navy and
Senator McConnell, Hlunley Commission,

2. Umbrella weheological responsibility for

all phascs ol fusdey program from compliance
and mandate issues through eventual recovery
and display: Dr. Robert Neyland, Naval
Historical Conter und Christopher Amer, South
Cuarolina instilute of Archacology and
Anthropology,

3. Co-principal investigators for the present
assessiment phase ol the project: Damel J,
Lenthan, Prograin Manager of the National Park
Service's Submerged Culiural Resources Unit
and Christopher Amer, Deputy  State
Archaeologist for Underwater, South Caroling
Lnstitute of Archacology and Anthropology.

4. Teld Dicector: Larry L. Murphy, on-
site responsibility for all feldwork,

5. Dive Safely and Accident Management:
The National Park Scrvice will maiatant conl(rol
of dive site Lor salety and aceident management
purposes and will develop appropriate system
lor transfer of accident victims to Coast Guard
or other evacuation principals and establish
protecol with South Carolina personnel o
ensure maximun salety and efliciency al the
dive siie.



CHAPTER 4

Historical Context

Richard Wills

The submarine cmerged as one of the
world’s premier military combat and deterrence
weapons in the last century. However, it wasn’t
until the end of the nineteenth century that the
US Navy began to recognize the submersible
vessel’s potential as a weapon and provided it
a significant operational role. A scrics of
decisive events in which American
technological and tactical experimentation
figured prominently made this development
pussible. Americans first used a submersible
vessel in combat against an cnemy warship
(David Bushnell’s Turtle); they developed the
first practical navigable submersible vessel
{Robert Fulton’s Nautilus); and they were the
first to destroy an cnemy naval vessel in combat
with a submersible (James McClintock’s H.{..
Hunley},

At the outset of the Civil War, the US Navy
and the Southern Confederacy ecmbarked on
parallel paths of torpedo crait development that,
while differing in the manner of cxccution,
essentially comprised an carly arms race to
produce a successful offensive submersible
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weapon.. While vessels like Pioneer, American
Diver, H L. Hunley and others were being bnilt
by enierprising individuals within the Southern
Confederacy, similar efforts were bcing
undertaken within the Union in the form of
Brutus de Villeroi’s Alligaror, and Scovel S.
Meriam and Oliver Halstead’s Intelligent
Whale. One of the original missions outlined
for Alligator was to face the ironclad CSS
Virginia at Hampton Roads, and if not for
logistical problems, the history of this
cngagement may have been quite different. But
while the Union cfforts were not as successful
as those of the Conlederates, they did capture
an equal degree of official naval interest in terms
of funding, research and development. This is
cvident in the construction record and in the
cxtent to which Union and foreign agents went
10 gather iniellipence on the Confederate efforts.
By the turn of the century, submersibles finally
received recognition as a viable (though often
misunderstood) component of naval warfare,
The American Civil War submersible record on
both sides inspired the next generation of



American submarine visionaries, particularly
John Phillip Holland and Symon Lake, and sei
the stage for the future cmergence ol an

Armerican naval-industrial complex capable of

designing  und  delivering  operational

submuarmes 1o the UJS Navy,

PRELUDE: ANTEBLELLUM
AMERICAN SUBMERSIBLE VESSEL
DBEVELOPMENT

The concepl of a vessel capable of

submerged navigation was nol a new 1dea i
Amenca when the Covil War began, Ameocans
had previously attempled 1o use submersible
vessels o help il military ams with varying
degrees of unsuceesshul performance mn both the
War for Independence (Abbot 1966; Morgan
1972:1499- 151 | Roland 1978:62-88) and (he
War of [812 (Ieid 1908:73 76; DekKay
1990: 131 Dudley 1992:241 212}, Robert
Fulton’s Nawtilus sucecessiully demonstrated
that a stable platform capable of suslaimned
underwater navigation could be constructed and
cmployed to meel military objectives (Parsons
1922: Iulcheon 19810,

However, before deployment of a manned
submersible vessel in combal could reach s
potential, three parallel techmeal eelinemenis
needed to reach maturity: the platform, the
weapon cmployed by the platform and the
tactical system ol weapon delivery. The
definition of the submersible’s role relalive to
the larger mihitarvy and viaval strategy remained
largely unchanged. Submersibles were
gencrally considered compatible with nverme
and coastal delense and dgainst encmy
blockading naval vessels, as had been the
objective of such vessels in both the War lor
Independence and the War of 1812,

Between 1814 and [861, the American
shoemaker Lodner Pinlhps (Lield 1908:80 82;
Gruse Harets 1982), the French engineer Beutus
de Villeror (Luraghi 1996:2513, and others
worked  to amprove upon  ullon’s
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fundamentally sound desipn. During this peciod,
advances had been made i an supply storage
and replenishment, ballast configurabon and
regulation, conlipuration ol movable surlaces
for steering and depth control, and
instrumentation foc navigation and depth
control. Perhaps the preatest problememmming
was to devise a sclf-powered propulsion syslem
capable of operalion while running submerged.
Bushnoell had designed into his vessel the new
innovation ol hand powered “oarfs| . . . based
upon the primeiple of the screw™ (Morgan
[072:1503), which appears 1o have been the
carbicsl use of serew propulsion in watererall
{Ahbol 1966:44). Propulsion systems superior
to hand power were sought, and althongh
several dual propulsion systems were proposed,
including Fulton™s auxihary sail concept and
AlstitUs electromagnetic drive unil, hand power
remained the primary propulsion [or Ainerican
vessels butlt belore and during (he Civit War,

During this wme, work also progressed on
weupons systems. Far-reaching advancements
on developing galvanically controlled
underwaler explosive weapons were made by
Samuel Colt in the 1840s, bullding upon the
work of Bushnell, Fulton, 1Hhjah Mix, Moses
Shaw, Robert Hare and thetr Ruropean
contemporarics.  1n parucolar, Coll refined
conlact detonators, remole electrical five control
systems and multicell voltage storage baueries
(l.undeberg 1974},

T terms of explosive weapon tactical
deltvery, three general methods were
recogmezcd: use ol a time-delay explosive
charge (basically a limpet quoe) carned on the
outstde ol the boat and manually atached to
the tidl of the encemy vesscl, such as employed
by Bushuell’s Twurile; 1owing ol a contacl
torpedo m the wake of the torpedo cealt in which
the wdea was to detonate the charge by diving
bencatlithe targetin such a way that the Charge
would collide with the targel; and the bow-
maouated spac torpedo concept onginated by
Fulton. McChntock™s series ol boais would



utilize all three methods at various stages of their
progression.

CIRCUMSTANCES THAT PRODUCED
H.IL. HUNLEY AND ITS
PREDECESSORS

The American Civil War was the first major
armed conllicl to reap the bencfits of the
industrial revolution. It saw Lhe practical
utilization of screw-propelled warships powered
by stearmn, ironclad warships, torpedo craft,
underwater and subtcrrancan mines, rifled
ordnance, troop movement by rail lincs,
telegraphic lines of communication, and even
reconnaissance aviation. Some historians have
succinctly described the Civil War as “the only
occasion in the coursc of history when at the
beginning of a conflict between two nations
facing the ocean, one of the two had
incontestable and total dominion over the
watcrs” (Luraghi 1996:61). Confederate States
Secretary of the Navy Stephen Mallory,
confronfed by an overwhelming cnemy naval
presence, countered with a fourfold stralegy
based upon “technical surprise” that utilized
armored vessels, rifled naval guns, steam-driven
commerce destroyers, and submarine torpedoes,
or what today are called mines (Luraghi
1996:68). Development of specialized vessels
to act as offensive torpedo delivery platforms
can be categorized as a variation upon
employment of submarine torpedoes. Three
general classcs of such craft emerged,
comprised of traditional surface craft, steam-
powered semi-submersible boats (or “David

boats”), and hand-powered boats capable of

complete submergence such as I1.L. Hunley.
Submersible development on both sides
began as early as 1861. But whereas the US
Navy’s submersible efforts were laboriously
slow and generally less successful than those
of their Southern counterparts, within the
Confcderate States there quickly emerged a
somewhat more widespread, independent
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interest in submersiblc construction that
localized in a number of coastal and riverine
cities. Part of the reason for the rapid
Confederate submersible progression was that
while Union development was burdened with
conventional bureaucratic processes of Navy
contracting and evaluation, Confederate elfor(s
were able to benefit from a quick application
of privare initiative, which was in turn met with
swift support trom a government unburdened
with the traditional burcaucracy of the type
existing in the North.

Private Confederate initiatives were spurred
by motives of nationalism and profit. A fading
but still-remembered tradition of government
sanctioned privateering was revitalized through
the issuance of letters of marque by the
Conlederate government, 'This approach was
reinforced by Southern corporations such as
John Fraser & Company who placed individual
and blanket bounties on the US Navy
blockading squadron warships that were
gradually gaining an ever-ughtening
stranglehold on Confederate maritime
commerce. One of the approximately 50
Confederate privateers ultimately authorized
was James McClinlock and Baxter Watson's
New Orleans-built Ploneer, which comprised
an experimental prototype for H.L. Hunley.
Pioneer had the distinction of being the only
submersible provided with a Letter of Marque
and Reprisal by the Confederate Slates of
Amcrica. Some of the Southern efforts soon
found cooperative pariners in the Confederate
military. At least four Confederate boats,
American Diver, [unley, St. Pairick and the
unnamed vessel consiructed at the Tredegar fron
Works, were cither built at government facilities
or with the direc! assistance of military
personnel. However, this cooperation may have
later caused unforeseen ramifications for the
initial sponsors when some, like McClintock’s
Hunley and John P, Halligan’s St. Patrick, were
suhsequently seized by the military,



1t is important 1o view the work of the New
Orleans coalition that built #.1.. Hundey within
the Tarper context of such projects undertaken
within the Southern Confederacy, Based upon
our prescot underslanding of historical records,
Conlederate submersible construction efforts
were centered in four arcas:  at the Tredegar
Lron Works in Richmond, Virginta (Kane
1954:73-74; Perry 1965:92 93; Coski
1996: 1161215 Luraghi 1996:252}, at the Leeds
Foundry in New Orleans, Louistana (Robmson
1928:166-167); at the Park & 1.yons Machine
Shaps tn Mobile, Alabama (Porry 1965:906;,
Ragan [995); und at the Conlederale naval
facilities at Selma, Alabama (Schell 1992 78—
181). The most suceessful would ulumately
prove 1o be Watson and MceClintock in New
Orleans backed by their core of financial
supporters. Upon the Tall of New Orleuns and
loss of their first boat, some members of this
proup relocaled (o where they built and lost «
second boat. Ultimately, this group would pain
a lactical success of I Charleston at the expense
ol loss of their third boat and some of M leasl
three crews.

McCLINTOCK, WATSON, THEIR
COALITION OF SUPPORTERS
AND THEIR ROATS

The core of the submersible boat building
program that ultimately produced Pinnecr,
American Diver and f1.L. Hunley was formaed
by a group of New Orleans machinisis and
bugiessmen peobably motivated by both
natonalism and the possibility of collecting
prize money for the destruction of enemy war
vessels, The initial New Orleans group
consisted of machinisis (or “pracuceal
engineers”) Baxter Walson and James
MeClintock: luwyer and Deputy Collector of
Customs Haorace 1. Hunley; customs house
employce John K. Scotty Hunley's brother-in-
law Robert Ruffiny Baccow; and promunent
lawyer [lenry 1 Leovy, These six men were
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the dhiving foree behind Ploneer’s construction
ovor the winter of 18611862 at the Leeds
Fouwndry, near the Government Yard al New
Basin.  While the composition ol this group
woutld evolve somewhal over the next several
years, it would be McClintock and (until his
deati) Hunley who would reinain at its core,

TIE FIRST ATTEMPT: PIONEER

The eftort to construct Pioneer was possibly
alluded to as carly as August |7, 1801, in the
New Orleanys Daily Delia (Kloeppel 1987:6).
[ Bebruary 1862, their submersible was floated
al the Government Yard at New Baun, aken
up the New Canal, and reportedly underwent
trials in Lake Pontchartrain, According to a
posiwar lelier wriiten by McClintock W fellow
Confcderate underwaler wurlare specialist
Matthew Fontaine Maury, daring this
shakedown, the boutl sanle 4 schooner and two
Lrgel barges by means ol a towed lorpedo
(Perry 1965:95; Kloeppel 1987:6 9). On March
29, application was made by John [, Scott for
a l.etter of Marque and Reprisal as a privateer,
which was issucd to Pioneer by Huunley’s
supervisor, Collector FH, Halch on Mareh 31
under the authorization of C.5. Scerctary of
State Judah P, Benjumin (a New Orvleans lawyer
and acquaintance of Leovy's). The Letler of
Marque records the vessel’s name as Picueer,
and the vessel type as a “submarine propeller”
armed with a “magazine of powder.” The
nwmiber of erow required 18 listed as three, with
John K. Scott as vessel commander. Pioneer
measured 34 fect in overall lengih, 4 leet o
beam, drew 4 feel of waler and weighied 4 tons.
L was painted hlack and had “round conical
ends,” “To obtain the etter of Marque a surely
ol $5,000.00 was postled by Hunley and Leovy
{USGPO, Ofiicral Records 1894).

Fioneer never saw action, for less than a
month hater New Orleans fell 1o the cormbined
US forces under Captain (Flag Otheer) 1avid
C. Fareagut and Genereal Bergamm I Buotler, as



part of the strategy to take the Mississippi River
Valley [rom Head of the Passes to Cairo and
divide the Confederacy in half. Maost likely
sometime between Aprif 24-28, 1862, with
Farragut and Buler at the door, possibly while
the levee front and shipyards were abiaze in the
destruction of any goods of material value to
the enemy, members of the group either scuttled
or hid Pioneer near the New Canal, At lcast
three of the group, McClintock, Watson and
Hunley, (led to Mobile, Alabama, with the
intention of bullding an improved vessel there
incorporating lessons learned from Pioneer.
During the subscquent Union occupation of
New Orleans, Pioneer was discovered, and a
study of its construction was made by US Navy
Lieutenants Alfred Colin and George W. Baird,
engineers aboard USS Pensacola. Colin and
Baird forwarded their study to the fleet engineer
(Baird 1902:845-846). In 1868, Pioneer was
sold for scrap at a public auction held before
the New Oricans Customs House (New Orleans
Picayune, Fcbruary 15, 1868, morning and
atternoon cditions). There has been a great deal
of speculation regarding (his vessel’s
dimensions and confliguration, as well as
whether or not 4 submersible presently located
at the Louisiana State Museum may in fact be
remains of Pioneer (Robinson 1928; Arthur
1947, Wills 1994; Luraghi 1996). Surviving
records of Colin and Baird’s documentation
have recently been brought to light by researcher
Mark Ragan (US Navy Records,
Correspondence of Officers below the Rank of
Commander, National Archives).
Documentation uncovered by Ragan
conclusively reveals that the surviving vessel
is not Pioneer, lending further potential
credence to a theory reeently proposcd by
rescarcher Fo €. Furman who suggests the
Louisiana Statc Muscum vessel may in {act be
the submersible constructed at the Tredegar Iron
Works (Harpers lllustrated Weekly, November
2, 1861; Klocppel 1987:17; Coski 1996:292 it).

TIIE SECOND ATTEMPT:
AMERICAN DIVER

Upon arriving in Mobile, McClintock,
Watson and Hunley werce joined in their efforts
by engineers Thomas Park and Thomas Lyons
of the Park & Lyons machine shops, wha
provided their [acilities for [abricating a new
boat. This second boat’s construction was
funded entirely by Hunley. The group also now
began to receive support from the military in
the form of cngincer William Alexander, an
Army lieutenant temporarily detached from the
Twenty-tirst Alabama Volunieer Regiment and
duty detailed at Park & Lyons. Upon
completion, their vessel {named American
Diver according 10 a Confederate descricr)
probably measured 40 feet in length, 342 feet in
beam, and 4 leet in depth, according to what
are strongly suspected 1o be plans of it recently
uncovered through the Public Records Office
(PRO) in London (PRO Admiralty File 1/6236).

McClintock later wrote that the original
intention was to build a boat capable of
mechanical sclf-propulsion, stating:

To obtain rcom for the machinery and
persons, she was built 36 feet long, 3
feet wide, and 4 feet high, 12 feet at each
end was built tapering or modeicd to
make her easy to pass through the water.
There was much time and money lost
in efforts to build an electromagnetic
engine for propelling the boat. . . . [
afterwards fitted cranks to turn the
propeller by hand, working four men at
a time, but the air being so closed, and
the work so hard, that we were unable
ta get a speed sufficient to make the boat
ol service against vessels, blockading
the port [Matthew I'ontaine Maury
Papers, Library of Congress 1968;
Ragan 1995:22, 24].



The obscured origin of their clectromagnetic
engine has been the subject of much conjectwre.
Records tndicate that during the boat’s
construction, Admiral Franklin Buchanan
informed Sceretary of the Navy Stephen
Mallory that “within the last week or ten days
we succeeded i getimng a man [rom New
Orleans who was 1o have made the ‘magnehic
engine’ by whichit was 1o have been propelied”
(Klocppel 1987:24), This “man from Mew
Orleans” may have been the “lrenchman™
referred to in other correspondence, and may
have in fact been the mysterious Figure named
Alstitt (Schell 1992:168-171). Af this same
time in Moebile in 1863, Alsliti’s clectrie-
powered vessel, sometimes referted 1o as the
American Ram, wis also pucportedly under
construction. A somewhat fancitul sketch of
this boat appeared in Harper's Hlustrared
Weekly of Junc 10, 1864, Sources regarding
this vessel are extiemely sketehy, and it scems
fikely that they are uctually referring Lo the
American Diver, perhaps confusing Alstitt’s
proposed designs and propulsion experiments
with his probable work with the MeCliniock
group at Park & Lyons (Schell 1992:169-171).
Unfortunaicly, when it became appurent that te
cleclromugnetic engine was ineapable of
providing the necessury power requived, il was
removed and a small, custom-built steam plant
was nstalled in is place, However, thal also
was unusable and removed (Ragan 1995:232),

The PRO {13 plans include what appears
to represent some sort ol seli-propelling motor
and also contains pig-reon ballast, but may
actually be stacked electrical storage balleries
in closed compartments fore and alt in the
vessel. The PRO drawings bear a close
resemblance to the vessel represented m g
postwar drawing by Baird made in the presence
of, und bascd upon ndormation provided by,
MoeClintock, Baivd, apparently assuming that
MceClintock only busll one boat o Muabile,
subsequently wentiticd the boat in this drawing,
as “the vessel that destroyed the USS

Housaionic” (Baird 1902:846), Because ol this,
it has been commonly assumed that e was
attenpling to represent Hunley, when in fact
he may have actually been sketchiog American
Diver. Inavesponse 10 Baivd’s article wrillen
shorlly afler it appeared, Alexander raised an
objection Lo this identification, noting of the
questioned drawing thal “alter the captuwie of
New Ocleans McClintock wenl to Mobile and
built the submarine in Plate 1. T don’L kitow
where MeClintock is living, but hope he wilt
assisl in correcting this erros” (Ragan 1995:25).
Unlortunately, MceClintock was never able o
correct the record; he was killed m Boston
Harbor in 1879 in an accidental explosion while
demonstrating some ol his underwater contact
minc designs for the government (Ragan
1995:164). But while McClintock did not
survive tong enough 1o answer Alexander’s
request, the PRO drawings scem fo confinm the
accuracy of his memory regarding the design
of his second boat in the form of his letter to
Maury and his description as relayed to Baird,
American Piver was [loated in Mobile Bay
in Februavy 1863, 1t was towed of f Forl Morgan
with the intention ol mannmg 1t there and
attacking the Umon {leet, but as the weather
prow worse and the sea became rough, the boat
became difficult 10 manage, filled with water
and sank. No lives were lost in this mishap,
bui the Coniederate submariners had been
deprived of another vessel in which they had
invesied mueh effort, ome and Tunds.

THE THIRD ATTEMPT: (L1 HUNLEY

MeClmtock and Liunley’s group would nol
be discouraged. Financially strapped, they sold
shares in the third venture to the Singer
Subrnarine Corps, composed of engimeers T C.
Singer, R. W, Dunn, Gus Whitney awd 1. 1,
Breaman. Hunley held one-third of the shares,
Singer one-third, with the last thivd split among
the others (Ragan 1995:26), During the hoaCs
construction, Lieutenant Alexander was joined



hy another Army assignee to this detail,
Lieutenant George Dixon, also of the 21*
Alabama. Dixon and Alexander were veterans
of Shileh, and Dixon is known to have sustained
a sertous teg wound there (Ragan 1993:28).
Deciding against constructing another
submarine on a plate by plate basis, the
engineers obtained a long, cylindrical steam
boiler that they lengthened, deepened and fitted
oul to accommodate a crew of nine. Some
sources describe the beiler used as being from
a steamship, others say it was from a railroad
enginc. The boat was launched in July 1863 at
the Theater Street dock (Figure 4.1}, Belore
Hunley’s asphyxiation and the subsequent
naming of the vessel for him, this vessel was
sometimes referred 1o as “the fish boat” and “the
porpoise.” Trials produced pleasing results.
Admiral Franklin Buchanan noted that the boat
was capable of making four knots (Ragan
1995:303. Years after the war, Alexander

described the construction of the vessel as
follows (Figure 4.2):

We decided to huild another boat, and
for this purposc took a cylinder boiter
which we had on hand, 48 inches in
diametler and 25 fect long (all
dimensions are from memory}). We cut
this boiler in two, longitudinally, and
inserted two 12-inch boiler-iron strips
in her sides, lengthened her by one
tapering course [ore and aft, to which
were attached bow and stern castings,
making the boat about 30 feet long, 4
fcet wide and 5 feet deep. A
longitudinal strip 12 inches wide was
riveted the full length of the top. Ateach
end a bulkhead was riveted across to
form water-ballast tanks (unfortunatcly
these were left open on top); they were
used in raising and sinking the boat. In

Figure 4.1, Conrad Wise Chapman's contemporary painting of the submarine
H L, Hunley (from Charleston’s Maritime Heritage, 1670 -1865,P. C. Coker
1L, 1987, pg. 267},
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addition to these water tanks, the boat
was ballasted by flat castings made to
fit the outside bottom of the shell and
[asiened thereto by “Tee” headed bolts
passing through stuffing boxes inside
the boat, the inside of the bolt squared
to fit a wrench, that the bolts might be
turned and the ballast dropped, should
the necessity arise,

In connection with each of the water
lanks, there was a sea-cock open (o the
sea to supply the tank for sinking; also
a fotce pump to cject water from the
tanks into lhe sea for raising the boat to
the surface. There was also a bilge
connection to the pump. A mercury
gauge, open to the sea, was attached to
the shell near the forward tank, to
indicate the depth of the boat below the
surface. A one-and-a-quarter-inch shaft
passed through stuffing boxes on each
side of the boat, just forward of the end
of the propeller shaft. On cach side of
this shafl, outside o[ the boul, castings,
or lateral fins, 5 feet long and 8 inches
wide, were secured. Thig shaft was
operated by a lever amidships, and by
raising or lowering the needs of these
fins, operated as the fins of a fish,
changing the depth of the boat below
the surface at will, without disturbing
the water level in the ballast tanks.

The rudder was operated by a wheel, and
levers connected (o rods passing through
stuffing-boxes in the stern castings, and
operated by the captain or pilot forward.
An adjusted compass was placed in
front of the forward tank. The boat was
operated by manual power, with an
ordinary propeller. On the propelling
shaft there were formed eight cranks at
different angles; the shaft was supported
by brackets on the starboard side, the
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men sitting on the port side turning the
cranks. The propelicr shaft and cranks
took up so much room that it was very
difficult to pass fore and aft, and when
the men were in thelr places this was
ncxt to impossibie. In opcration, onc-
half the crew had Lo pass through the
fore hatch; the other through the after
hatchway. The propeller revolved in a
wrought iron ring or hand, to guard
against a line being thrown in to foul it.
There were lwo hatchways — one fore
and one aft — 16 inches by 12, with a
combing 8 inches high. These hatches
had hinged covers with rubber pasket,
and were bolled [rom the inside. In the
sides and ends of these combings
glasses were inserted to sight from,.
There was an opening made in the top
of the boat for an air box, a casting with
a close top 12 by 18 by 4 inches, madc
to carry a hollow shaft. This shalt
passed through stuffing boxes. On each
end was an elhow with a 4 foot length
of onc 1-2 inch pipe, and keyed to the
hollow shalt; on the inside was a Jever
with a stop-cock to admit air,

The torpedo was a copper cylinder
holding a charge of ninety pounds of
explosive, with percussion and friction
primer mechanism, set off by flaring
triggers. It was originally intended to
float the torpedo on the surface of the
water, the boat to dive under the vessel
to be attacked, towing the torpedo with
a line 200 fect long after her, one of the
triggers to touch the vessel and explode
the torpedo, and in the experiments
made in the smooth water of Mobile
River on some old flatboats these plans
operated successfully, but in rough
water the torpedo was continually
coming oo near the wrong boat. We
then rigged 4 yellow pine boon, 22 feet



tong, and Lapecing; this was atiached 10
the bow, banded and guyed m each side,
A socket on the torpedo secured it to
the boom fAlexander 1902].

In a letter to the British Navy in Halitax,
Nava Scota, dated 1872, James MoClintock
deseribes the boat as having “an Llliptical
Shape, with modeted ends. And looked similar

i Surl, or Whale Boats, placed one on top of

the other. She was Built of Iron 5/8 inch thick,
A0 teet long top and bottom, 472 inches wide in
the nuddle, & 48 mches high, lited with Cranks
Geared o her Propellor, and wmed by 8 porsons
inside her” (Public Records Office, ADM |/
62306).

The boat was 1o be shipped by flaicar o
Charleston, South Caroling, for anti blockade
duty under the command ol General P, G, T
Beauregard, Whereas Mobile’s delenses were
well tortified, Charleston was sufiering under
amuch mose serious sicge. Charleston’s coastal
waters miay also have presented a more desirable

operaing environment, especially in terms of

greater depth, Furthermore, Charleston’s
General Beauvregard looked Tavorably upon
unconventional weapons, while Mobile's
General Dubney H. Maury and Admiral
Franklin Buchanan were not so opeu-nunded.
Finally, the move was undoubledly encouraged
by Lhe bountces being placed upon naval vessels
ol the South Adlantic Blockading Squadron.
The submersible was shipped to Charleston in
Aupust 1863,

I fetter “inflicied”™ upon his [iancé, LA
George Gilt CSN ol CSS Gaines deseribed how
he had “been emiployed during the past day or
twor o hoisting oul of the water and sending
away toward Charteston a very curious machine
for destroying vessels,” which he describes:

Inthe fiest place Tmagine a high pressure
steam boiler, not guite round, say 1 et
i diameter in one way and 3% [eet the
other — draw cach end ol the boiler
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down 1o a shurp wedge shaped point,
The 4 feel is the depth of the hold and
the 32 feet the breadih of bearn. On
the bollom of the boat 1s riveted an iron
keel weighing 4,000 [bs which throws
the center ol gravity on one side and
makes her swim sleadily that side down.
On top and apposile the keel 15 placed
two man hole plales or hatches with
heavy glass tops, These plales are water
tight when covered over. They are jusl
farpe enough Fora man 1o o (n and out.
At one end ¢ litled a very neat title
propeller 3%2 feet in dhametler worked by
men sitting in the boat and turning the
shaft by hand cranks being {itted on it
for that purpose. She also has a rudder
and steerig apparaius,

LEmbarked and wnder  ordinary
crrcumsiances with men ballast, cte., she
floats about hatl way out of the water &
resembles a whale, But when 1t s
necessary 1o go under the water Lthere
are apariments into which the water 18
allowed 1o (low, which causes the baat
1o shik 1o any required depth, the same
Delug uccurately mdicated by a cohumn
ol mercury. Airis supplicd by micans
ol pipes that lura up unlil they get below
a depth of 10 fect, when they must
depend upon the supply carried down
which is sufficient for 3 hours! During
which time she could have been
propelled 15 miles! Behind the boat at
adistance of 100 to 150 feet is lowed a
plunk and under that plank s attached a
torpedo with say 100 b ol powder. The
steersiman hus a string by which he can
explode the torpeda by giving 1t a jerk,
I saw them explode o vessel as an
experimient. They approached wilhin
about filty yards of her keeping (he man
holes just above water. At that distance,
she the submarine sank down and in a



few minutes made her appearance on the
other side of the vessel. Ile pulled the
string and smashed her side to atoms. . .
[Turner 1995:5-8].

Hunley's dimensions vary somewhat
depending on which account is consulted.
When put into a table form (Table 4.1) alongside
dimensions recorded for the other boals and

measurements, these dimensions can bhe
evaluated lor their rclative accuracy.
McClintock emerges as being consistently ncar
the mark in his recollections, if not slightly
conscrvative. (Gift is not far off either, while
Alexander (who in all [airiess cautioned forty
years after the fact that “all dimensions are from
memory”) is somewhat further off the mark.
Inicrestingly, if the PRO drawings are to be

compared to reliable documented believed, they suggest a much closer

Table 4.1, A lable comparing the dimensions of the three McClinteck-built Confederate submersible
craft, using historical and archeological sources.

Vessel Length Beam Depth
"4 feet” (Scott/USGPCO) | "4 feet” (Scott/USGPO) "4 feet” (Scott/ USGPO)
Pioneer “35 feet” (USN drawing) | “4 ft diameter” (USN “4 ft diameter” (USN
drawing) drawing)
"30 feet" (McClintock) "4 feet" (McClintock)
"30 fect”" (Baird)
"40 feet" {PRO) "42 inches" (PRO) "48 inches” (PRO)
American
Diver *36 feet" {(McClintock) "3 feet" (McClintock) "4 feat" (McClintock)
*about 25 feet” "labout} 5 feet” "[about] 6 feet"
{Alexander) {Alexander) (Alexander)
39 feet 5 inches 3 feet 10 inches 4 feet 3 inches
(1996 survey) (1996 survey) (1596 survey,
H.L. Aunley approximate)
"40 feet” (McClintock) *3% feet” (McClintock)
"4 feet" (MeClintock)
“3% feet.. breadth of the
beam” (Gift) “4 feet...depth of hold”
(Gift)
"about 30 feet” "fabout] 4 feet”
{Alexander) {Alexander) "[about] § feet”
(Alexander)
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relationship m desipn between MeCluttock’s
sceond and thard boats than has previously been
suspected.

Following ity wrrival in South Caroling, the
third McClintock designed boat experienced
operational difficulties, twice being accidently
lost in Chuarleston Llarbor with fatalities, aad
twice bemg salvaped. The lirst incident killed
[ive members of the Navy crew of nine; most
were volunteers [rom CSS Chicora and CSS
FPulmerto Stae. ollowing this Figst accident,
the military sent a request 1o Mobile asking for
people more familiar with the boat 1o come io
Chatleston and take over the vessel’s operation
upon its recovery, Horace Hunley, Thomas
Park’s son (also named Thomas but oflen
misideniitied as his Tather), and approximately
six or s other volunteers, probably mechanics
from the Park & Lyons shop, answered the call
aird spent sone time putting the boat through
“diving and raising” tests, When it finally
appeared (o observers that all the vessel required
wus experienced hands, the boat sulfered
another terriblte disaster. While running
submerged, Huoley, acting as  vesscl
conmunander, nade a simple error in regulating
the water contuined wilhin the Torward ballast
tank, and the boar busicd its bow in the harbor
mud, stuck fast, and partially flooded, killing
the enlire crew of eight (which (n addition 1o
Funley, young Park, and ihe Mobile nicchanics,
atso included Sprague, the team’™s explosives
expert),  Dixon and  Alexander traveled o
Charleston, and upon salvage ol the boat, saw
their tellow submaciners buricd in Charleston’s
Magnolia Cenelery, Surviving members of the
group memorialized Hunley’s elforts by naming
the boal alter him,

Saddencd but undaunted, Dixoo wnd
Alexander enlisted another volunileer crew, and
the group moved theo operations o Butlery
Marshall, on Sullivan’™s Islund, where between
November 1863 and Februwry 1864, they
Irequently fought Toul weather to cast off on
night cruises ofl Charleston,  On February 5,

fale touched Alexander i the form of orders
received 1o report o another project, and he left.
Oun the evening of Februavy 17, 1864,
approximately two and a half miles  of(
Charleston Bar, with Dixon at the helm, funtey
observed and made (or the serew sloop-ol-war
USS Hoasaronic, which lay at anclor on
blockade duty. Housatonic’s lookont spotted
Hunley and voiced a warning, bul the ship’s
alteonpt 1o get underway  was not timely
cnaugh to prevent contact, and  flunley
ranmned the blockading vessel on the starboard
stern quarler just abaft the mizzenmast, attached
its mine, and remoltely aclivated it with o greal
ckplosion that sank ffousaionic in three minules
(Figures 4.3, 4.4 and 4.3).

But a final oll was exacled tn exchange [or
this success, Hunley and tis crow never relurned
o Sullivan’s sland, even though prearranged
lamp signals were believed 1o have been
recetved Trom Dixon's crew and interpreted as
a request for a light to gnide them safely back
o port (USGPO, Official Records 1894)
(ligures 4.0 and 4.7). Several theories have
been putl forward regacding how and where the
boat was losl.  Alexander for a long Gime
believed that Flunley had been caught in or
beneath Housatonic as the Navy warship capidly
sank {Alcxander [902), this belicl being buscd
partiatly upoo incorrect obscrvations of
govermment divers, Bul upon hearing {rom
authoritalive Navy sources these observations
were nol authentic, he still believed the wreck
must have nevedtheless come 1o rest not far
away, having rapdly sctiled five feet imo the
seabed-like Housatonic. Alexander noted thal
an apreement existed between the crew
members that of e boat should for uny reason
be unuble 1o surface, “the seca cocks were to be
opened and the boat flooded ™ 1 order to prevent
the suffering ol slow asphyxistion known 1o
have been expenenced by Hundey's previous
crew (Alexander 1902). Another theory 15 that
swill scas prevented the tired crew rom
suceessiully regawing port and cansed therr



Figure 4.3. Artist’s perspective of Hunley approaching Housatonic during
attack. Computer graphic by Dan Dowdey, South Carolina State Museum.,

Figure 4.4. Historic drawing of USS Howusatonic being sunk by I1L. Tunley.
Courtesy of the US Library of Conegress.

dclicately balanced boat (o founder.
MeClintock refused to believe that the boat sank
during the engagement, but rather was lost in a
storm u few hours after the attack, It has also
been conjcctured that the boat succumbed (o
structural damage sustamed as a result of the
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contact, explosion or Housatonic’s defending
gunfire, It may be likely that the cause of loss
was attributable 1o a combination of these
factors.

In retrospect, the Confederate submersible
operations, and specifically the successful



Figure 4.5, Arlist’s perspective ol Huidey sinking Howsatonie. Compuler
praphic by Dan Dowdey, South Carolia State Musceum,

Figore 4,6. Artist’s perspective of fusdey moving away [vom Housatonic alter
the attuck. Computer graphic by Dan Dowdey, South Carolina State Muoscum,



Figure 4.7. Artist’s perspective of Hunley cscaping with Housatonic sinking in
the background. Computer graphic by Dan Dowdey, South Carolima State

Musemn.

engagement of Hunley with Housaronic, had
scveral immediate cffects on US Navy
operations. They acted as a psychological
warfare tool, causing fear among the squadrons,
particularly within the South Atlantic
Blockading Squadron following Hunley’s
action, They caused expensive and logistically
intensive modifications 1o Union blockading
strategies through cuusing heightened sceurity
in the vessels on station, requiring them to be
ready to get underway at all times, and [orcing
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them to be redeployed further offshore at might.
Finally they may have provided the impetus for
accelerated Union attempls (o gather
information and conduct research to develop a
sirmilar weapon. But while such atiempts were
underway as carly as 1861, it was H.[.
Hunley's attack on Iousatonic that defined 1o
the US Navy the danger of the submersible
torpedo craft in Southern waters, and to the
world the military potential of the submersiblc
yessel.



CHAPTER 5

Environmental Context

Scott Harris and Adriane Askins

The I1LL. Hunley site is located on the inner
continental shelf along the eastern Charleston
Harbor Listuary periphery in the central South
Carolina coastal zone. The modern estuarine,
maritime, and nearshore shelf environments
have formed over the last 10,000 ycars as sca-
level rise flooded stream valleys and upland
areas and forced landward barrier island system
migration. Since Hunley’s loss, jetties have
heen installed to redirect the main harbor
shipping channel, approximately 45 tropical
storms and hurricanes have polentially alfecled
the site, an earthquake measuring 7.9 on the
Richter scale razed many sections of Charleston,
and sea level has risen approximately 30
centimeters. The most recent and devastating
hurricane to pass over the site was hurricane
Hugo in September 1989, six years before site
discovery.

A general environmental discussion is
presented here to serve as a framework for
interpreting the specific Hunley site conditions
encountered. In archeology, site formation
processes are critical in explaining the way a

site appears today and understanding the natural
and cultural processes responsible for site
preservation and artifact distribution. Site
formation processes are important to the Hunley
assessment, and they comprise an important set
of rcscarch domains in the rescarch design
(Chapler 3).

COASTAL GEOLOGY

South Carolina, smallest of the southeastem
states, has an arca of 83,500 square kilometers
{31,113 square miles) and is located beiween
83°30" and 78°30° west longitude and 35°15°
and 32°00° north latitude (FFigure 5.1}, South
Carolina’s physical geography comprises three
primary physiographic provinces, Blue Ridge,
Piedmont and Coastal Plain, ranging from
rolling hills and moderately high mountains in
the west to mean sea level in the coastal low
country and Grand Strand areas (Kovacik and
Windberry 1987:13). The coastal zone is of
general primary interest for establishing H.L.
Hunley's environmental context, and the
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Charleston Harbor area of particular
importtance.

The South Carolina coastal zonc overlies
sedimentary deposits ranging in age {rom Early
Ccnozoic to Recent (Shattuck 1906; Cooke
1936; Zeigler 1959; Colquhoun 1965, 1974;
McCartan et al. 1984; Gohn 1983; Colquhoun
et al. 1991; Weems and Lemon 1993).
Basement rocks and Mesozoic basins beneath
the coastal plain may be found at sea level along
the fall zone, approximately 1,150 meters below
sea level near Charleston (Gohn 1983), and
approximately 10-15 kilometers deep benealh
the Blake Plateau 240 kilometers {150 miles)
olfshore (Klitgord et al. 1983). This section of
the Georgia Bight has formed through four
primary geologic phases: (1) initial continental
rifting, formation of the proto-Atlantic, and
deltaic and basin sedimentation in the
Mesozoic; (2) large-scale deep water deposition,
high sea levels, and Gulf Stream erosion during
the earty Tertiary; (3) shallow-water shelf
depaosition and broad sea-lcvel changes in the
latc Tertiary; and (4) formation of the lower
coastal plain through major barrier island
environment transgressions and regressions
throughout the Quaternary. The last three
phases, approximately 50 million ycars, have
induced a noticeable impact vpon the region’s
current coastal system and continental shell
configuration.

Geologic studies offshore Charleston, South
Carolina, have focused on deep structures and
regional stratigraphy (c.g., Hersey et al, 1939;
Dillon and Klitgord 1978; Boylan et al. 1982;
Poag 1984), bottom configuration (Sexton and
Colquhoun 1987), bottom sediment type and
composition (Stone and Siegel 1969; Field and
Pilkey 1969; Sexton and Colgquhoun 1987,
Gayes and Ealy 1995; Gayes et al. 1998) and
influence of physical processes (Field and
Duane 1976; Swift 1980; Atkinson et at. 1983,
Schwing et al. 1983; Fitzgerald 1984; Swift and
Thorne 1991). Studies concentrating on factors
influencing regional barrier island

geomorphology and straligraphy have been
made by Miles O, Hayes’ group at the
University of South Carolina in Columbia (see
summary by Hayes 1994). Onshore geologic
studies have focused primarily on the
Quaternary stratigraphy {(Cooke 1936;
Colquhoun 1965, 1969; Colquhoun et al. 1991;
Krantz et al. 1996; Harris et al. 1997), Tertiary
stratigraphy (Ward and Blackwelder 1980;
Weems and Lemon 1993}, the 1866 Charleston
carthquake {Gohn et al. 1983), and phosphale
sources {Holmes 1849},

Poag (1984} indicates 4 general thickening
of Neogene sediments away from the North
Carolina Platform into the Georgiaembayment.
Colquhoun (1995) summarizes the Cenozoic
evolution of the southeastern Atlantic Coastal
Plain as cyclic patterns of sediment deposition
from the late Eocene to Oligocene. Overall,
Tertiary deposits consist of tabular to lenticular
formations with varied lithalogies and
depositional environments. These older
deposits are distinguished from the overlying
Quaternary units by their paleontologic,
mineralogic, textural, and *. . .well compacted
to parnally Iithified. . .” character (Weces and
Lemon 1993 Sheet 1), The Ashley Formation,
Chandler Bridge Formation, Edisto Formaiion,
Murks Heud Formalion, and Guoose Creek
Limestone all subcrop or crop out at the surlace
near the study arca. Some Tertiary unils crop
out directly offshore South Carolina’s coast,
creating local hard bottoms (Poag 1984; Harns
ctal. 1997). Others are emergent, cropping oul
just at mean water beneath overlying Quaternary
deposits (Force 1978a, 1978h; Weems and
Lemon 1993). Fluvial incision, shoreface
ravinement, mlet incision, and Gulf Stream
erosion have modified the top of the Tertiary
strata and are responsible for the present
topography (Belknap and Kraft 1981, 1985;
Popenoc 1980; T'ye and Moslow 1994),

Six lactors influence the geomorphology,
sedimentation, stratigraphy, petrology and
geometry of Cenozoic sedimentary units and



diversity of sucficial Quaternary coastal
deposits: (1) trailing edge continent with gentle
downwarping; (2 siliciclastic deposition from
Appalachians and Piedmont; {3) humid
teraperale to subtropical climate; (4) mesotidal
mixed-energy coasi; (5) dominant southwest
longshore transport and {6) submergent sca
levels from Cretaceous 1o Late Bocenc/Larty
Pateocene and mild emergence during Lhe
Neogene (Colquhoun 1995).

A complex series of cyelic highstand
sequences and inciscd pulcovalleys charucterize
Pleistocene deposits beneath the South Carolina
coustal plain and continental shelf (Colguhoun
1965, 1969, Colguhoun et al. 1991). Muluple
sca-lovel transgressions and regressions
throughout the Quatcrnary have resulled in
rerovil, reworking, and incision ol the Tertiary
and Pleistocene strata. The uppermost Terliary
strata has locatly variable reliel, ranging I'rom
tess than one meter (o more than 30 meters
(Colguhoun 1969; McCartan ct al. 1984,
Weems and Lemon 1993} Generally, these
paleotepographic low areas have been
backlilled with Quaternary [Muvial, paludal,
paralic, and shaltow neretic litholacies
(Colquhoun 1965, 1969; McCartan et al. 1984;
Weems and Lemon 1993), 'The transgressive
Quaternary unils associated with barrier island
migration are thin (McCartan el al. 1984,
Weems and lemon 1993}, commoaly
disconfinuous, and generally decrease m age
seaward. The stacked, en echelon nahwe of
constal-Quaternary units resutts from truncation
throngh ravinement or channel migeation during
sea level rise across the emerpent Coastal Plaim
{Belknap and Kralt 19815 Field and Trucardi
(D91; Tye and Moslow 1994). These units’
relative depositional history may be infereed
fram cross-culiing relattonships, cither
geomorphically  or  through seismic
interpretations (fdris 1983; Riggs and Belknap
(O8R4 Toscano and York 1992; Kraniz et al,
1094; Harris ¢t al. 1994,
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Barly Coastal Main geomorpluc studies
indicated that many sca level highstands were
represenled on the coast (Shattuck 1901, 1906
Cooke 1936). The lirst comprehensive South
Carotina Coastal Plain study based on
topographic correlation argued {or existence of
seven Individual Plesiocene coastal sequences
{Cooke 1930, 1936). Alternatively, some
rescarchers observed six cimergent Pleistocene
units {Colquhoun and Johason 1967). bul
validity of their methods and interpretations
have been questioned (Flint 1940, 1971). Other
researchers {Cooke 1936; Colgulioun 1965;
Fling 1971; McCuartan ¢l al. 1984; Colquhoun
et al, 1991} have used, directly or indirectly,
geomaorphic crileria to idenlify stratgraphic
conlacts and unil boundaries, The common
attributes between cach of these maodels ave that
there have been multiple major changes in
relative sca level in the mid-Attantic, hthologies
are heterogencons and complexly distributed,
these cmergent systems have  distinet
geonorphic cxpressons, and fhe sedimenls
spant multipte depositional age ranges,

BARREIKR ISLANDS

South  Carolina’s  modern  coastal
morphology is transiional between North
Cuaroling’s long, thin barrier 1slands punctuaied
by few tidal inlels and Georgia’s shorler,
truncaled barrier islands separated by numerous
large itdal inlets. Wind-generated waves and
currents create North Caroling’s thinner barrier
islands, whilte tidal currents have grealer
influence on Georgia’s inlel-dominated coastal
morphology, Central South Caroling’s barvier
islands lie cenirally between these two extremes
within the mixed cnergy, lde- and wave-
dominated Georgia Bight, thuy mainiaining o
dominant “drumstick” morphology (Fayes
£994) and sedimentary architecture (Tye and
Moslow 1992). Tidul energy increases and
wave energy decreases towards the south



(Brown 1977:251; Ilayes 1994). The barrier
islands’ low relief affords little resistance to
storm and wind activity, and they tend to erode
at an extremely rapid rate.

Recent shoreline changes have been
documented [rom the 1850s (o 1983 for South
Carolina (Anders 1990), and indicate great
shoreline change rate variability depending on
proximity to inlets (higher variability} or central
island segments (more slability, less variability).
Large changes from the mid-1800s to early
1900s occur close to inlets, similar to those
observed in main tidal channel shifts identified
north ol Charleston Harbor in Price Inlet
(Fitzgerald 1984). Erosion raies ol up to 50 fect-
per-year have heen documented at Morris
Island, south of Charleston Harbor’s entrance
(Hayes et al. 1984:13).

SEDIMENTS

The central and southern barrier island
zones are presently receiving very little sand
from fluvial sources (Brown 1977:262),
Offshore, in 8 10-meter water depths, waves,
currents, and hioerosion rework older Tertiary
and Pleistocene deposits and provide coastal
system sediment, often as phosphate and shell.
The low wave-energy and constant rewarking
has praduced fine sediments, averaging 0.143
millimeters (Brown 1977:262). Side-scan sonar
mosaics ground truthed using boltom grabs
indicate three dominant sediment types offshore
Charleston Harbor: coarse shell hash, fine to
very fine sand, and rock outcrop. Bottom grabs
indicate some areas contain variable amaounts
of muddy sands and muds, likely sourced from
within the harbor system or through rewarking
of older deposits (Coastal Carolina University
and Minerals Management Service,
INTERMAR database 1998).
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CLIMATE

Sonth Carolina’s climate is classified as
humid subtropical, with abundant precipitation
distnbuted inland, which averages between 118
centimeters/ycar {(Kovacik and Windberry
1987:31} and 125 cenlimeters/year (Davis and
Van Dolah 1992). Average temperature for
the coastal region 18 18.7° C, ranging from 0.0°
C in December to 27.2 © C in July, generally
not exceeding 38° Cor-6.5°C (Davis and Van
Dolah 1992}.

STORMS

Since 1871, approximatcly 45 tropical
storms and hurricanes have affected the South
Carolina coast (Department of the Army 1990).
The most recent, hurricane Hugo, made landfall
just north of Charleston Harbor on September
22, 1989. Estimated storm position during
landfall pluced the eye directly over the Hunley
sife with a storm surge of approximalely 4
meters (Brennan 1991). Wind gusts of
approximately 61 meters/sccond (137 mph)
were accompanied by up to 6 meter stormi surge
20 kilometers north of the Charlesion arca
{Brennan 1991). Sand and dense debris moved
offshore during hurricane Ilugo into waler
depths less than 7 meters (Gayes 1991).

WIND

There are no predominant wind direction
approaches, but seasonal trends are apparent
along the coast. South and southwest winds
prevail during the spring and summer, and
nottherly winds are most common during fall
and winter, National Oceanic and Atmospheric
Administration {NOAA) weather station data
have been collecled approximately 3 kilometers



soulh of Charleston Harbor on Folly Island and
approximatedy 8 kilometers ESE of the harbor
(rom a fixed buoy. The on-land station recorded
an annual average wind speed ol 4.4 melers/
second (8.0 kaots) for the period May 1984 1o
December 1993, with a mimomium average in
December ol 3.9 meters/sccond (7.7 knots) and
amaximum average of 4.8 meters/sceond (9.3
knots) mn June (NOAA 1998). Offshore buoy
data (buoy #41004, 38-meter water depth)
recorded an annual average of 6.4 meters/
second (12,5 knots) Tor the period ol June 1078
to December 1993, with a mibamuwm average
ol 7.8 meters/sceond (15.2 knots) in December
and a nunemn average of 5.1 meters/sceond
(9.9 knots) in August (NOAA 1998), Wave
cnergy flux vilues follow the same scasonal
trends as the winds (Brown 1977:250),

WAVIES

“I'he most dominant nanival focee aftecting
erosional-deposittonal rends along the couslal
T wind-produced waves are ducectly
proporbional 1o wiad duration and fetch ([layes
et al. [984:3). Wave cnergy can be citler
crosional or depositional. Typically, 1 calin
weather beaches accerete through shoreward
teanaporl of offshore sediments; durtng high
wave periods such as storms and hurricancs,

song,”

beaches crode,. Wave data have been colleeted
from olfshore buoy #4 1004 (NOAA 1998) und
ag a parl of a recent United States Geological
Survey (115GS) funded South Caroling Coastal
LErosion Project (MacMahan 1997), The buoy
dutg recorded an average annual sigailicant
wave helght of 1.3 meters (rom May [980 10
December 1993 and an average annual average
wave period of 5.0 scconds with an average
muximut of 5.5 sceonds in Februacy and an
average minimwm ol 4.6 in January.
MacMahan (1997 found o 34+/- 1 19 reduciion
ram deep water wave heights (buoy dala) to
These 3 meter and 19
mieier wave gauges recorded mean sumimertinge

the mner shel areas,

42

wave heights o 0.464+/-0.17 meter with a period
of 8.3+/-1.5 seconds, During typical wave
clinales (mean wave height), s expected that
the critical sediment depth movement will be
between 10 and 15 meters water depth in this
region,

TIDES

The spring tidal range s approximatety 1.7
meters, with a maximom extreme range of
approximately 2.4 meters (NOAA 1993). Wilh
this tidal range and the wave regnne, this
scgment of South Caroling coast Talls within
the mixed -energy morphodynamic range
(Ilayes 1994}, leading 1o a typical “dromsiick”
barrier island geomorphology. With lower tidal
canges, waves dominate and the shore responds
more to longshore transport and coaslal
sioothing; with higher tidal ranges and lower
wave energy, the coastal encrpy is focused
perpendicularly shoreward, leading (o lacper,
more stable inlet positions through time (Tayes
(74,

CURRENTS

Tidal and longshore currents are the most
mnporlaint currents affecting South Carolina
shorelines, Produced by waves hitting the coast
at an obligue angle, tongshore currents run
parallel o the shoreline und vary in velocity and
direction relutive to wave angle and coergy. In
combinalion with wave aclion, longshore
currents can move large amounts of sand
parallel to the coast. These currents generally
move sediments southward through both
scediment and bed-load transporl, Tidal currents
also move scdiments, but generally not 1n
concert with lengshore currents.  Deposilion
caused by ebb-tidal currents cun move
sediments o the mouths of inlets or contribuie
malerial to longshore transport. When storms
pile vp water against the coast, Uiese above-
nocmal high lides can produce strong currents



and offshore flows at harbor entrances, inlets,
lagoons, bays and along the coast (Hayes et al.
1984:5).

BENTIIIC COMMUNITIES

Penaeid shrimp (Penuacus setferus, P.
aztecus and P. duorarum) and crab species are
abundant in the Charleston Harbor estuary and
are sought commercially, The most prelific
species are white shrimp, brown shrimp and
blue crabs (Callinectes sapidus). Shrimpers can
snag objects above the bottom and affect these
fearures. There are also intertidal oyster beds
of Crassostrea virginica and large subtidal beds
of Mercenaria mercenaria hard clams,
Numerous finfish species are supported by the
estuary waters as well. Included in this group
are spot (Leiostomus xanthurus), croaker
(Micropogonias undulatus), spotied sea trout
(Cynosiur nebulosus), red drum (Sciaenops
ocellatus), southern flounder (Paralicthys
lethostigma), summer flounder (P. demtatus),
white perch (Morone americana), and catfish
(Ictalurus catus, 1. furcatus, and 1. punctatus)
{Van Dolah and Davis 1989:16-48).

HUMAN IMPACT

Natural forces were not alone in fashioning
the area; humans have been altering South
Carolina’s landscape [or at least 12,000 years.
The state’s first inhabitants, coastal Indians who
constructed villages on the mainland und sea
islands, cxploited the natural vegetation, fish
and game. Kiawahs, Edistos, Stonos and
Wandos are groups who occupied the area.
While their cnvironmental impact was minimal
in comparison to moadern populations, these
coastal Indians did alter the landscape. Their
hunting practice of burning arcas to drive game
into the open created large grassy savannahs
fringed by coastal forests, while their shelHish
harvesting lefi large coastal shell midden
deposits. European colonists arriving in 1670

immediately began modifying the area, filling
in Charleston peninsula crecks and marshes to
increase local land area. Over the next two
hundred years, the area’s economic mainstays,
cattle ranching, indigo and rice cultivation, and
phosphatc mining, contributed to increasing
landscape alteration (Goodwin 1989:8).

Suceess of these industries was undoubtedly
due to development of superior shipping
facilities at the Port of Charleston. Charleston
Harbor ship-berths were located only six to
seven miles from the acean, allowing for a much
fuster turn-around time and out-competing
neighboring ports (Goodwin 1989:9). The port
still has one of the fustest turn-around-times for
cargo vessels in America today.

Charleston Harbor channel dredging began
in 1854, but the {irst massive sediment removal
did not take place uniil 1874. The City of
Charleston moved approximately 76,000 cubic
meters of sand from the main channel and bar,
which quickly reformed. The Army Corps of
Engineers constructed stone jetties in 1896 o
“concenlrate water discharge from the harbor
to maintain scouring action,” however, neither
the jetties nor sand removal worked sufficiently
to guaraniee passage of merchant vessels of
continually increasing draft. Maintenance
dredging was eventually instituted. From 1928
to 1944, 230,000 cubic meters of material per
year were dredged from the shipping channels
(Goodwin 1989:9).

In 1942, the Santee River diversion into the
Cooper River through Lake Moultrie increased
its original drainage arca from 1,865 square
kilometers (o 39,865 square kilometers and its
flow from 6 cubic meters/second to more than
425 cubic meters/second. Harbor navigation
channels were deepencd at the same time fo
between 9 meters and 10.6 meters below mean
low water., These lwo cstuary system
modifications caused the turbidity maximum
zane 1o migrate into the main harbor, causing a
twenty-fold increase in maintenance dredging,
In 1966, the Army Corps of Engincers began



rediverting 80 percent of the flow 1o T.ake
Moulirie, which was returned to the Santee
River. This rediversion was completed in [985
with consiruction of the canal connecting Lake
Mouline (o the Sunlee River (Goodwin 198%:9),

The diversion and rediversion of the Santee
River caused several physical changes in
Charleston Harbor, The mitial diversion and
its subsequent discharpe increase caused a
decrease o mean surlace sahlinity and shilted
the esluannc zone seaward (I{jerlve 1989:16).
Gravitational circulation became the dominant
type of residual cireulation, and the salinity/

density structure of the estuary changed from a
vertically well-mixed matrix 1o one partially
mixed. Since the rediversion complelion in
1985, there has again been a salimty level
change. No longer dependani on variable
discharge rates because discharge is kept at a
nearly constant rate, salinity variations are
instead affected by spring-neap tdal cycles,
tidal phases und Lar-lield metearological events
(Kjerfve 1989:17). The estuary waters lead to
remain stratified, although spring tides cause
them to become verically well-mixed.



CHAPTER 6

Predisturbance Remote Sensing Survey

Larry E. Murphy, Matthcw A. Russcll, Timothy G. Smith and Steven M. Shope

SURVEY OBJECTIVES

Belore beginning tesl excavalions to expose
Hunley’'s remuins for documentation and
evaluation, a predisturbance remote sensing
survey was conducted over an area that included
both the remains of the reported H.L. Hunley
and thosc recorded as USS Housatonic. For
purposcs of this study, both Hunley and
Housatonic siles were considered as mulliple
components of a single site representing
Hunley's attack on Housatonic and the loss of
both vessels. Systematic hydrographic remote
sensing produced a rapid, three-dimensional
reconnaissance that provided a synoptic
overview of known and potential cultural
remains and relationships within the study area
prior Lo sediment disturbance. Predisturbance
surveys dre becoming common practice in
underwaler archeology, and they are part of a
minimum-impact approach (Russell and
Murphy [997).

The high-resolution intrasite survey located
additional cultural material, characterized the

environmental context and located site-related
fcatures above and below the scdiments usciul
for planning the test excavation and aiding site
interpretation. Developing a remote sensing-
detived site perspective prior to beginning test
excavation was important for planning to ensure
related features near the principal components
were identiflied and investigaled and
stratigraphic sequence and scour-related
features were idenlilied. Location of vullying
ferrous masses possibly asscociated with the
principal target site, or perhaps relaied to the
Hunley-Housatonic engagement, was also an
objective.

Remote sensing instrumentation included:
magnetometer (locates ferrous cultural material
possibly representing archeological sites by
detecting local variations in the earth’s
magnetic field); survey depth sounder
(determines water depth); sub-bottom profiler
{records geological stratigraphy below the
seabed); Rox Ann bottom classification device
{characterizes surficial seabed sediments); and
side scan sonar (generates a topographic



cenditon ol the scabed snd cultural matenals
on and above ). Uilizaton ol these sensors
concurrenily provides a cost ellfecnve solution
o mdependent natural and cultural resouree
hydrographie surveys as required by the Hudey
cviuation rescarch desipn (Chapter 3),
[nstrumentation was provided by the Nuational
Park Service’s (NPS) Submerged Cultural
Resoucces Lni {SCRUD and by manudactucers
through cooperative agrecinents.

SURVEY DESIGN AND RAVIONALK

The ey sirvey was dlesipned 1o produce
a vompretiensive daia set that would be
nnniediately aceessible Tor planning aad to aid
meeepeetation duriag the planned iest
excivallon. The survey design was based upon
wide-urea wrcheological survey methodology
developad by SCRU during the NPS Sysiem-
widke Archacolomical lnventory Program sarvey
ol Dry Tortugas Nuhooal Park bepinning
1993 (Murphy 1997¢; Murphy und Snnth 1995,
Shope et al. [995),

Data collecton, post ploting, andlysis und
preseatation were desrgned to be ulibized 1y
Oeographie Inlormanon System {GES) datahise
o facuitaie thew use duving the feefey project
and later mcorporation mio permaneot South
Curolina und lederal wehives. This approach
results moan electronie product that can
mcorporate avalable deanad data, such as acrl
imagery and digitized historcal maps, so they
can be combmed with projeci-specilic results
and be analytcally mampualated (0 examine
relatiomstops that would otheowase be extremaely
dilficuli to ohserve, The project GIS data sel
was penarated to provide o staodirdized,
permanent, cimidanve, compmer-aceessible
product Tor nuluple apphications ol project
researchers, munagers, mud hose mvolved
planoimy and conduchmy future site operations,
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GEOGRAPHIC INFORMATION SYSTEM
(CilS}

GIS is the use of mudtiple, spatially
referenced datahases 1o produce maps that
craphically depiet user generated combrnations
ol viariables presented as themes, Tayers or
cavernges  Spatislly refecenced data are basie
to archeological mgpury, butal has only beenin
the Last few years that technotogical advances
o computer software and hardware have
overcome ditheuliies i coliceag, collating,
storing, cditing, querying, depcting and
manipulating the lurge amount of data generated
by midcine remote sensing survey.  Hunley
project survey results were formulated o be
incorporated it a GIS operanon in the held
o expedite unalyss and be casily translerrable
to stale and federa) managers.

GLES provides a methodology 1o compare
vartables among many scts of spatal data, such
as artilact catepones, cemote sensing results and
natural environmental chacaclerizations, to
exanmine distribution and chinge over spuce,
and, il sullicient data ate avabable, over ime.
Raprd manipulatian of scale und vartables cin
allow pattern recogaition that may not be
Lxamination of
combined variables is mstant because results

apparcol at other levels.

are preseated graphically, greatly sunphiying
anulysis by precluding the necessity of
ecnerating mathematicat and statisucal models
1o characicrize pulterocd relationships. Current
computer and soltware speed altow rapid
nenipulition of muitipie variable combinations,
which allows generation ol associahons and
relationships that nught otherwise be
ununticipated.  Hlypatheses can be guickly
senerated and ested through seamless graphical
display. Data manipulation can casily be done
by yescarchers o managers with basie GLS
solftware Tamilarny, which does nol require
soplusticaied mathematical ability.



(IS data sets can be presented as tabular
databasc files or themes that can be generated,
analyzed, scaled, combined, superimposed and
displayed through dircet uscr access in
unlimited variations. Data themes uare
presentations of nonspatial data referenced to a
common location expressed as geographic
coordinates. One way of looking at themes is
1o consider them x-y horizontal lncations that
share a category of variable z values, which
represent discrote, quantifiable atiribules.
Analytical techniques include statistical and
spatial analysis, measurement and comparisons
that can be used to create additional themes
reflecting analytical results uscful for additional
hypothesis testing.

GIS can be contrasted with computer-
assisted design (CAD) systems that are
generally limited to graphic output such as
drawings, picturcs and maps and contain no
rclational database capability nor the ability Lo
generale new dala sets based upon analytic
functions. CAD systems generally contain no
interrogative capability and are unable to
manipulate nonspatial database attributes
(Murphy 1997a).

Two problems mmake creating GIS data scts
expensive and lime consuniing: accuracy
determination and conversion of various data
sets to an appropnate format. Mixing different
accuracy levels among data sets degrades
overall GIS accuracy and gives a false sense of
comparability that can lead to scrious analytical
problems in data intcrpretation. Data set
conversions must consider fundamental
geodetic concepts such as geoid, ellipsoid,
datum, coordinate system and projection.
Geodesy factors vary over time and space, and
each variation 1s ¢ritical to conversion accuracy
(Smith 1997). Few archeologists record a
chart’s datum and projection when generating
coordinates. For example, latitude/longitude
coordinates in North American Datum 1927
(NAD 27) and those in World Geodetic System
1984 (WS 84)can vary from tens to hundreds
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of meters — confusing these datums introduces
serious error. Being given coordinates in NAD
27 and trying to relocate the point with an
instrument reading in WGS 84 is an easy and
common mistake Lo make. All data generated
during the Hunley Projeci were based on the
WGS 84 datum. Other data not collected by
SCRU during the project and not already in
WGS 84 datum were converted from their
original datuin before incorporation mto the
Hunley Survey GIS databasc.

Although the survey was designed to
ultimately produce GIS database products, use
of GIS for on-site field manipuiation and
cvaluation of raw ficld data for immediate
rcoccupation and ground truthing was critical
to the Iunley test excavation operations. The
survey phase had to provide for immediate and
easy utitization of large volumes of field data,
develop topographic context of survey blocks
and allow investigalors 10 post-process,
manipulate, evaluate and assimilate the field
data on a daily basis. GIS evaluation was the
basis for establishing test excavation sequence
and extent.

GIS DATA ARCHIVING

Raw und processed hydrographic survey
field data and GIS information archiving is as
much a concern as any archeological data
archiving, and 1t must be planned in advance.
Hunley survey electronic data archiving isin a
nonproprietary format, primarily DOS ASCII
text, which ensures long-term data accessibility
by many scicntfic disciplincs, managers,
archeologists and other researchers. All results
are stored in latitude/longitude and Universal
Transverse Mercator (UTM), WGS 84, SCRU
stores archive data in latitude/longitude
coordinates so that the database can be easily
converted if future alterations or corrections are
made to WGS 84, it 1s more difficult to convert
grid coordinates after a datum revision. Most
current computer programs require grid



coordinates, so, themes are also archived in this
form, Upon project completion, appropriale
state and federal managers will be provided a

CD-ROM (some media now have [00-year

archival quality) containing all perunent held
dala und Q1S coverages. This CD-ROM will
be directly accessible through ArcView, a
readily avatlable GIS program and all other
programs that accept ASClL-format databases.

HUNLEY-HOUSATONIC SURVEY
BLOCKS AND SAMPLE INTERVALS

Hydrographic survey is conducted in arca
blocks through which the survey vessel travels
along preplotied transects, or lanes, at
investigator-delined intervals selected w ensure
complete nstromental coverage of the study
arca, Lane spacing depends upon the survey
questions and remote sensing instrument
attributes. The funley survey was conducted
with several preplotied blocks to maximize
remole sensing coverage and Lo aflow for
changes in sca conditrons, which can
compronuse data quality.

Coordinates Tor both Husley and
Housatonic remains were provided by the
Naval Thstorical Cenler. The initial survey
block was constructed in an cast-west
orncatation with sides measuring 800 meters by
400 meters positioned 1o conlain coordinates
of boih sites and associated feainres {(Block
CHHROO1 — the CHHR 18 an acronym for
Charleston Harhbor),  Standard SCRU survey
methodology for wide area survey requires 3-
meter transccls, which have been demonstrated
o provide cost-effective magnetic coverape [or
discoverimg most submerged colontal-period
shipwrecks (Mucphy 1984:90-95), 1n this case,
however, precise vessel locations were known,
the ppose of magnetomelry was 10 locale
smaller, associaied features.  Ten-meter lane
spacing was selecled for the sample interval for
the infrasitle magonenic survey, which shoold be
sullicient to locate small fevrous malterials and
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cuvironmental Teatures, In addition, a second
block would be planned and surveyed with
perpendicular lanes over the suspecled Hunley
Lrgel 10 fnereuse survey coverage,

(i1’S provides a position every sccond, and
all instrument data were collected at less than
Z-second intervals and collated with the
appropriate RGPS position. At a typical boat
spocd of 6 knots, a sample 15 collected about
every 4-0 meters along (he transect, giving more
than 7,000 sample points 1o this survey block,
The depth sounder and RoxAnn were run
concurrently with the magnetometer,

Additional blocks (CHITRO02 005} were
constructed far various parposes.  Block
CHEHRO0Z was constructed over the Hunley sitc
o provide addiiional magnetic coverage al right
angles o Block CHITROO| in order to halve the
magnetic survey sampte interval in the primary
target area. Block CIHITRO03 was a 50-meter
transect block o provide navigation for side-
scan-sonar coverage of Block CHHARGO L. Fifty-
meler transeets provide 100% averlup for side-
scan-sonar coverage. Block CHIR004 was a
[G0-meter-square block with S-meter, cast-west
iranscets centered on the Hunley site 1o provide
Ligh-resolution sub-boltom proliler coveruge.
Riock CHHROOS was the same block as
CLHEROO4, but with north-south 5-meter lanes.
sub-bottom profiler data require a stable
platform, so these (wo blocks were construcled
io allow the surveyor to select an orienlation
that would minimize wave tmpact to the sub-
hottorn profiler record. 13lock CHTROOS was
selected and used,

POSITIONING SYSTEM

Archeotopical hydrographuc survey requices
real-lime positions with very rapid updates (1-
2 secomds) for accurale vessel navigation 1o
cnsure complete, syslemalic coverage at the
desired sample interval.  GIS accuracy
requirements ace a 2-3-meter circle-ol-crror or
less. Unlike tereestoal archeological sutvey anel



mapping, hydrographic survey usually has no
landmarks; simply, on the water, it is very
difficult to occupy and then reoccupy the same
point and to continually know wheie you are
without real-lime positioning.

Accuracy is usually expressed as parts-per-
unit {e.g., 1:10,000); plottable accuracy, the
accuracy that a point can be plotted, less
important now becausc of GIS digital entry and
zoom capability; or circle-of-error, which is an
cllipsc whose largest rudius represents the root-
mean-squate ervor of a set of measurements, and
whose orientation shows directional
uncertainty, This ellipse, centered on the true
position, is typically at the 95% statistical
confidence level. The least-squares method is
becoming standard for positional accuracy
description in most applications.

Although scveral positioning systems are
prescently available, GPS offers several
advantages over mast others. GPS has hecome
the state-of-the-art and will likely ultimaicly
replace other systems for survey applications,
The US Department of Defense (DOD)
developed the GPS system for military
purposes. This system uses trilateration of
satellite-transmitted signals to determine
position. GPS provides one-second updates
with global coverage from 24 satcllites,
meaning tour or more space vehicles are
continuously in view anywhere on the globe.
The satellites produce two signals, known as
C/A code and P code frequency, the latter
encrypted and available only to military or
government users, The GPS is close to an ideal
posifioning system; it is accuratc and
continuously available on demand anywhere in
the world under any weather conditions.

The GPS and GIS combination has provided
a solution for accurate positioning and analysis
for archeological purposes, particularly in
hydrographic remote sensing. However, some

49

additions to the basic GPS system are necessary
to achieve acceptable accuracy levels.
Autonomous civilian GPS receivers produce
circles-of-error of about 10-30 meters.
Unfortunately, GPS instrumental accuracy is
further reduced by “seicctive availability” (SA),
which is intentional, random dithering of the
C/A code GPS signals by DOD as a security
measure that degrades the signal to a guaranteed
accuracy of no more than {00 meters. However,
real-time accuracy of 2-3 meters is possible by
deploying a basc station to compensate for SA
through dilferential GPS (DGPS) correction.
Ionospheric variables alter the satellite signal
propagation times through the atmosphere and
are an additional error source, which arc also
corrcetable with a differential base station. The
base station, which is set up on a control point
whose position is known to a very high
accuracy, generates cotrections for SA and
transmits them via a radio modem datalink to
the mobile survey instrument. Broadcast
differential corrections are currently available
in most coastal areas through US Coast Guard
navigational heacons and commercial suppliers,
which provide differential corrections af varions
accuracy levels, For example, the US Coast
Guard navigation beacons are gudranteed to a
10-meter circle-of-crror, although our tests
indicate that accuracy levels are about 5 meters
in most areas. SCRU used its self-contained
base station and radio datalink to generate
differential corrections because of superior
accuracy, which was required for the high-
resolution Hunley survey.

Geodetic controls eof centimeter-level
accuracy can be obtained with GPS through
static and kinematic survey techniques, which
require occupation times as short as two
minutes. (The most recent GPS developments
include real-time kinematic techniques that
provide sub-meter positions.) Geodetic survey



teehniques were employed o the Hundey project
1o establish the differential base station position
and are brictly discussed below.

SURVEY INSTRUMENTATION

SCRU™s GPSs-based Archeological Data
Acquisition Platforn (ADAPR) survey systlem,
designed and buoilt by Sandia Research
Corporaiion of Albuguergue, New Mexico, (o
SCRU specifications, was used during the
remole  sensing phase ol the flunfey
archeologieal assessment (Uigure 6.1}, The
ADAPD system wutomates and integrates lieid
data collected with a variely of remole sensing
mstrements, and it accurately 1ags each data
point wilh real-time differential GPS posiion
and time relerences. Data points combining,
position, mstrument reading and tume data
points were collecied every [V seconds or less

lor the predisturbance survey, Generating
survey blocks, navigating the preplotted lancs,
and collecting and post-processing data were
done with Coastal Occanographics’ Hypack
hydrographic suivey soltwars, The dala were
then easily incorporated inte u PC-based GIS,
in this case, ESRI's ArcView.

POSITIONING

Positioning accuracy was consistently
within a =2 meter circle-of-crror throughout
the Hunfey survey arca. A'Trimble Navigation,
of Sunnyvale, California, Accutime 11 GPS
receiver and radio datadink were used on board
the survey boal for posilioning survey
navigation and data collection,

DilTerential corections were provided by a
self” contained, shore-based GPS base station,
which incorporales a Trimble 4000818 peodetse

Figure 6.1, Archeologist Dave Conlin momtors ADAP mstrument consoles on
board SCRU survey baat. NPS photo by Tun Smith.
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Figure 6.2. Geodesist Tim Smith and a volunteer setting up SCRU’s differential
(GPS base station in Folly Beach. NPS photo by Dave Conlin.

receiver and VIIF radio datalink 1o generate and
transmit a data stream of real-time RTCM-104
differential corrections (Figure 6.2) to the
survey vessel. A stafic geodetic survey, using
two Trimble 4000SE receivers, was conducted
1o cstablish control coordinates at a point on
the roof of the project lield headquarters at Folly

Beach. The Folly Beach headquarters’ roof

provided a full, unobstructed view of the survey
area. The base station control point was
triangulated from two National Geodetic Survey
(NGS) control monuments, called #2885 and
#2878. Both are second-order horizontal
moenuments, and #2885 is also a first-order
verlical monument.

MAGNETOMETRY
‘The principal cultural resource detection

device used in the Hunley survey was a proton
precession nragnelometer. The magnetometer

has long been a standard archenlogical survey
instrument (Arnold and Weddle 1978, Breiner
1973; Arnold and Clausen 1975; Shope 1997).
A Geometrics of Sunnyvale, California, model
G-876 proton-precession magnetometer was
used during the survey as part of SCRU’s
ADAP system (Figure 6.3). The magnelometer
detects and quantifies magnetic fields. In
hydragraphic survey, ferrous or magnetic
objects can be located by noting small
perturbations or anomalies in the earth’s
ambicnt magnetic field, Ferrous objects cause
a localized incrcase or decrease, vsnally both,
in the ambient magnetic ficld. Objects in this
context are typically of cultural origin
associated with marihme casualty or
depositional sites. 'The magnetometer output
reading is the total magnetic field intensity and
independent of sensor coil orientation,
consequently, it makes an ideal detection device
for submerged cultural resources.



Figore 6.3, SCRU survey cquipment on the aft deck of the SCRU survey vessel.
Geometrics G-8760 magnctometer on [left, Marine Sonic Techoology side scan sonar
onrigiit. Dicsel AC penerator on lelt, and & spure under plastic onright. NPS pholo

by Tim Smith.

Typical proton-precession magnetometer
resolution 1s [ gamma, and 1 speciad cases 0.1
gamma, in the carth’s Ticld of approximately
50,000 pammas (nanoteslas). Muagnetic
readings simply indicate the presence and
probable muss ol un objecl. There 1 no umque
relationship between anomaly intensity and
isogamma contour contiguration and an object;
any number ol combmations of objects can
produce similar anomalies, The only way Lo
determine anomaly sources 14 by visual
mvestigaton (Mucphy and Saltus 1990),

The magnetometer s a valuable cultural
resource delection insteument, and i ts sensifive
1o many different types of artifacts associated
with submerged shipwreeks. Ferrous ship
components wre prime wrgets.  [noa survey
mode, shipwrecks are often difficult Lo detect
by visual inspection or sonar-based instruments
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because marine life encrustation and sedimient
coverings can casily obscure a sile. The
magnelometer sensor 1§ towed behind the
survey vessel about 20-40 meters 1o climinate
influence from the survey vessel’s magnetic
licld.

The G876 lnstriimen! generales a scnsor
depth and height-over-boutom (sensor altitude)
and digplays these data during the survey.
Seasor height 15 important for conststent and
repeodicible magnetic data collection and
accurate interprelation,

Another feature of the G876 important [or
high-resolution survey such as that cequired by
the funfey survey is that the computer
processing mistrument package s towed
underwater 10 meters  aheuad ol the
magnelometer sensor, ‘Phis insteument, which
was designed Jor deep walter survey, produces



a remarkably low noisc level because only
processed data and power are transmitted over
the tow cable. Proton magnetometers of
traditional design have the computer on the
surface and transmif the raw signal from the
sensor to the surface, which creates a much
higher noise level because the cable acts like
an ellicient antenna lor extraneous noisc-
producing electrical energy. Noise 15 an issue
because the gamma reading of a particular
ferrous mass, which 18 proportional to the size
of the mass, declines as a cube of the distance
between the sensor and the mass. Noisc in high-
resolution magnetometer survey masks smaller
anomalies that might be of archeological
intercst.

The industry standard (for example,
Department of Interior, Minerals Management
Service Guidelines for Offshore Lease Block
Sutveys) specifies anoise level of +/- 3 gammas
orless. The G-876 typically produces less than
I gamma of noise, which allows smaller
anomalies to be observed. Reliable isogamma
contouring for traditional magnetometer data
display is rarcly donc on fewer than 5-gamma
contours; the G-876 allows reliable contouring
on 2 gammas. The G-876 permits
discrimination and recognition of anomalies that
arc within the noise levels of most other proton
magneiometers, conscquently very small
anomalies may be recognized. Because the
Hunley survey was attempiing to locate
undiscovered materials potentially associated
with the Hunley-Housatonic engagement,
discrimination of the smallest possible magnetic
anomalics was desirable, and the survey was
designed and conducted to maximize low-lcvel
magnelic anomaly rcturns.

SEABED CLASSIFICATION AND
BATHYMETRY

The RoxaAnn Groundmaster bottom
classification device, manufactured by Marine
Micro Systems of Aberdeen, Scotland, was used
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to characterize surficial sediments in the Hunley
predisturbance survey area. The RoxAnn
device discriminates between seabed material
types, such as sand, mud, rock, grass, cte. and
outputs the data acquired in a guantilative
format ready for compuier analysis and
incorporation into GIS. This instrument uses
the first und second echoes of cach single-beam
depth sounder transmission and derives two
values related to the bottom’s hardness and
roughness: El and E2. Every seabed material
has a unique signature that can be represented
as & range ol hardness and roughness values,
These values must be grouped, classified and
assigned a color attribute for each data point.
Accurate classification requires using type sites
that represent categories determined by on-site
identification. Details of RoxAnn opcration
have been reported elsewhere (Murphy ¢t al.
1995).

Bathymetry information was collected using
a Furuno Model LS-6000 LCD Vidca Sounder,
which 1is integrated into the RoxAnn
Groundmaster bottom classification device.
Sounding arca and, consequently, bottom
sample area for RoxAnn sca bed classification,
is a function of transducer beam widih, which
is generally a function of frequency. Usually,
the higher the frequency, the narrower the beam
width. Most depth sounders use a frequency of
about 50 kilohertz, which has a bcam width of
approximately 46° and samples 4 circular area
with a 42-meter diameter in a depth of 50
meters. The Furuno depth sounder uses a 200-
kilohertz transducer, which provides a high-
resolution sample area and reduces bubble
noise. The 200-kilohertz beam-width is about
10°, which provides coverage of about 17
percent ol the water depth. The arca covered in
50 meters water depth is a circle with a diameter
of 9 meters, or an area of 64 square meters. In
shallower depths, the sample area is reduced
accordingly. The RoxAnn reading is basically
an average of the arca within the depth sounder
transducer sample area.



The Furuno video depth sounder supplics
the signal source for RoxAnn., The RoxAnn
produces a digiial depihi from the sounder signal
that is collated with position and collecied as
parl of the survey data set at cach 1.2-2-second
sample interval,

SHIE SCAN SONAR

In addition 1o the magnctometer, the side
scan sonar 18 the principal remole sensing
instrumenl used in submerged archeological
survey. Side scan sonar uses sound waves 1o
unage the sea {loor and objects laying on il or
protruding above it, Normally a towed sysiem,
a side scan sonar transmits a microsceond-
pulsed, verlically narrow acoustic beam 1o cach
side of the low vessel's path at muluple times
per second. The beam propagates through the
water dand across the sca tloor, reflecting
meident sound energy back to the sonar sensor.
A sonar data processor converts the reflections’
intensily and time delays o a visual image for
displuy. The end result 1s an 1mage of the sea
floor ot near photographic quahity showing arcas

ol dark (strong reflection) and Hghl (arcas of

lower rellectivity or shadow areas).

For the fluniey survey, o Marne Sonic
Technology, of Gloucester, Virginia, Sea Scan
PC Stede Sean Sonar was used. The Sea Scan
PC s a digital, high-resolotion side scan sonar
system that uses a Windows-based personal
compuler {1°C) for all control, display, analysis
and storage funciions. The refleeted signal
converted o digital informualion which is
preferred because it ailows images to be filierad
and enhanced for improved analysis, and it can
be processed mto mosaics and incorporated inlo
G1S as an image layer, much like acerial
photography. The digital format lacilitates
archival data storage because it 1s directly
transicrable o CD-ROM wedium,

The Sea Scan PC includes an integrated
navigattonal plolter, using standard DGPS
input, that allows all parts of the acoustic image
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1o be automatically correlated with correct
ecographic position. Puring lite Hunley survey
a 600-kilohertz towlish was used for maximum
bottom feature resolution.  Like the depth
sounder, the higher the [requency of the sonar
srgnal, the higher its resolution, This insirument
was selecied for the Fhanley survey because prior
deployment by SCRU proved it was a robusl,
easily deployed instrument that produces very
high resolution bmages 1 a digital format
amenable 1o GIS applications. The Sca Scun
meets or exceeds resolution of side scan sonar
systems costing many times more than this
instrument.

SUB-BOTTOM PROFILER

A sub-hottom profiler uses a low ficquency
FM pulse o distinguish and nmage sediment
layers bencath the sea floor, Mulliple returns
measure various layer interlaces, with differeat
densilies, 1o bunld an overall image of sub-
bottom sednnent layers. A sub-bottom proliler
istypically used in geophysical, enginecring and
cavivonmental surveys. Although not usually
used as ool ol discovery during archeological
sueveys, sub-bottom profilers can detect man-
muacle objects. More often, however, sub-bottom
profilers are used by archeologists Lo
characterize the sedinient matrix surrounding #
sile.

The M “chirp” sub-bottom profiler is a
recent refinement that particatarly meets
archeological requirements,  This Instrument
was purticularly desirable for the Flunley survey
because the National Underwater and Mavine
Agency (NUMA) survey eamn had expenienced
poor hotiom penclration of the hard-packed
Charleston Harbor sediments with the more
common 3.5-kilohertz sub-bottom proliler (tlall
and Wilbanks 1995:7). The chirp system
transmits o compuler-generated digitul wide -
band swept M pulse that allows quantitalive
cvaluation and classification of boltom
sediments. the signal, with adjustable pulse



lengths, sweeps over the range belween 200
hertz and 30 kilohertz, depending on transducer
configuration. The chirp sonat produces
essentially noise-free images to a depth of about
100 meters. Chirp’s wide bhandwidth solves
some of the problems inherent in single-
frequency sub-bottom profilers. Archeologists
are often interested in only the top few meters
of hottorm sediments, and this is the area that 1s
commonly compromised in single-frequency
units. Poor vertical resolution is crealed by
source ringing that creates multiple images at
the sediment-water interface and limits vertical
resolution of buried facies to between 2 and 3.75
mcfers for single-frequency devices. The higher
resolution chirp instrument wus desirable for
discriminating stratigraphy and buried features
in the Hunlfey survey. An X-STAR full
spectrum  digital sub-bottom  profiler,
manufactured by EdgeTech of Milford,
Massachusetts, was deployed during the Hunley
predisturbance survey. The X-STAR transmits
an I'M pulse that is linearly swept over a {ull
spectrum frequency range, and generates Cross-
scetional images of the scabed with a reselution
of 6 centimeters or better.

HARDWARE

Austin 486DX2/66 PC laptops were used
for ficld data collection and manipulation and a
Dell 486DX50 PC workstation for office data
nranipulation and generation of GIS coverage.
An Austin Pentium 120 PC was used {or image
processing of aenal and satellite data. Trimble
Navigation’s Accutime Il was used for
pasitioning during survey operations; Trimble
A000SE Geodetic recetver for geodetic control
work and base station operation; Trimble
Pathfinder Basic Plus for diving and site
rCoCCUpation operations.
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SOFI'WARE

SCRU selected several off-the-shelf, PC-
based software for cultural resource
hydrographic survey operations: AutoCAD by
Autodesk (Sausalito, CA); QuickSurf by
Schrieber Instruments {Denver, CO.); Erdas
Imagine for Windows NT by Iirdas (Atlan(a,
GA), Hypuck, hydrographic data collection
software by Coaslal Oceanographics, Inc,
{Durham, CT); and ArcView, a geographical
information system by ESRI, Inc. (Redlands,
CA). All are PC-based and provided quick and
casy access to field data processing and
manipulation in a MS-DOS/Windows
environment. ArcView providcs access to
existing data in Arc/Info and AutoCAD formais,
twa of the most widely utilized GIS and CAD
systems, We can supply data in a native format
to Arc/Info and other formats, which allows data
sharing with many sourccs.

SURVEY METHODOLOGY

Initial survey preparation took place in
SCR1} headquarters, Santa Fe, New Mexico,
with assembling hackground data. Aerial
images, current and historical charts and maps
were procurcd and prepared for inclusion into
an ArcView (1S database project. Digitized
charts of the general survey area were used to
credte survey blocks and provided a computer
screen background 1o aid survey operations and
navigation to and from the site during survey
operations. Survey blocks were construcied in
desired areas, and computer software was used
to generate survey lanes with heginning and
ending x-y coordinates at appropriate transect
infervals to accommodate the various remote
scnsing instruments and survey block
dimensions. Magnetometer collection lanes



were preplotted at L0-mcter mtervals, side scan
sonar at S0-meler lervals and sub-botlom
imrasite lanes ab S-nicier intervals,  In some
cases, mulliple blocks were constructed with
perpendscular lanes 1o decrease sample inteevals
or adjust Tor variable sea condinons,
Hydrographic mstruments gencrally increuse in
noise outpul with rough sca conditions, which
can sometimes be ameliorated by plotting
transects paralicl o prevalling waves.

General methodology includes survey with
a variable suite of remole seosing instruments
with all survey operations DGPS positioned,
with corrections provided by the SCRU base
station (o maintain a 2-3 meter circle-ol-error,

Bathymetry and  surficial  bottom
classilication was conducted to charactlerize the
seabed 1 the general arca surrounding the site,

These data were collecied Lo determine whether

ftunley wuas located in an anomalous area
reparding water depth and bottom type. Side
sean somar was used to deternnine i any material
was present above the sea [Moor belore
mvestigations bepan.  Tightly spaced sub-
botlom profiler runs over the Hunley sile could
potentially determine hult integrity and locate
stratigraphic anomahies representing scour arcds
and associated features, which would inforim
excavation planming. Scour arca demarcalion
would influence test exeavalion procedure;
scour areas would bave o be carcfully
excavated becavse of high polential for presence
of battle-associated malerials. Analysis ol sub
botiem profiler data collecled al o wider runsect
spactng could provide a peacral sediment matrix
characterization over the entire survey block.

High-resolution magnetic survey and in-
water survey with hasd-held magnetomaler and
melal detectors were directed toward locating
ferrous material possibly related 1o the Hutley-
Howsaronic enpagement or post deposilional
displacement,

sutvey data were posl processed and
unmediately incorporated into a PC-based GIS
project that contained all related dain. This

cumulative data sct was used 1o plan the lest
excavation phase and should provide a baseline
for future site examination.  Por instance, 1f
another magnelometer survey is completed over
the site should Hunley be recovered, those ditta
can be included as unother layer in e GIS
database Tor comparability to the peedisturbance
sUvey.

SURVILLY OPERATIONS

Constant DGPS positoning was employed
in all survey operations with an overall accuracy
of a Z-meter circle-ol-crror throughout the
survey wea. Preplotied survey lanes were
followed using navigation information provided
by the DGPS and displayed mn Hypack, A
compuier mowtlor mounted near the helm
provided the boat pilot with current position as
well as navigalion Information such as cross-
track error, speed, course, distance 10 end-ol-
line and bearmg 10 end-of-line (Figure 6.4). In
additon o tabulay mformabon, a graphical
display showed real-time boat position and
moveiuent and survey lancs supcrimposcd over
a geo relerenced, digttized chart of the area.

Buta were stored (o the hard drive of an
onboard compuier as soon as collected. Pata
collection was continuous; no buoys were used
to mark anomalies.  Data were backed-up
nephtly via modem 1o a compuler at the SCRU
olfice m Santa le and processed i the Hield.

MAGNETOMISTRY, BATHYMEURY AND
SEABED CLASSIFICATION

Survey operations beguan on May 2, 1996,

The SCRU survey vessel, equipped with the

ADAP system including magnctomeler, depth
sounder, and RoxAnn bottom classification
device, moved offshore wo the survey area and
began collecting data (Migure 6.5). The survey
Block (CELIROO LY contarned forly 800-meter-
long Jancs 1O meters aparl, veiented cast west
(Figure 6.0), The survey block was created 50
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Figure 6.4. Operations aboard SCRU survey hoat. Archeologist Matt Russell, left,
Captain Diane Richardson, right, Archeologist Dave Conlin, below, NPS photo by

Tim Smith.

Figure 6.5. SCRU survey boat during Hunley Survey. NPS photo by Dave Conlin.
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Figure 6.6. The 1L Hundey predisturbance survey arca.

that the central lane, lane 20, bisected the two
sets ol coordinales provided for Hunfey and
Housatonic.

The magnelometer was towed at a constant
height of 5.0 to 5.5 meters over the bettom. This
waus factlitated by the nearly constant depth
throughout the survey area.  Large anomalics
were observed near the reported positions of
[Hunley and Howsaronic, as well as a number of
smiller anomalies throughout the block,  All
40 lanes were completed. In addition to
CHHRGOL, o sccond block, CHUIRO0Z, was
constructed containing seven [-meter lancs,
onented nortti-south contered directly over the
Hunley site coordinates. This bluck, also
completed May 2, was surveyed 10 provide
additional dala ponts that elfectively reduced
the sample mterval 1o the primary target arca
(Iigure 6.7). On the evening of May 2, the data
were processed and contour maps of the
magnclic data, bathymetry, and coverage nups
ol the RoxAnrn data gencrated,
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SIDE SCAN SONAR SURVEY

A corporate-partnership with Macine Sonic
Technology of Gloucester, Virgmia, allowed
use of a side scan sonar and operator for
predisturbance Imaping of the project area. On
May 4, 1996, Marty and Pete Wilcox of Marine
Some Technolopgy mstalled their instruments
on the SCRU survey vessel, which then moved
ollshore (o the primary Hundey target arca and
tested he instrunent, A buoy was dropped on
the site coordinates 1o indicale the site so the
instrument operator could pay particular
allention in the immediale siie area, and the boal
pilot coutd use it as a gutde to make some initial
passes over the site. Although the buoy line,
weipht, and PV pipe placed carlier in the weelk
by Ralph Wilbanks ol NUMA to locate the sile
were clearly visible on the side scan image
(sonograph), nothing else was observed, which
indicated no part ol the submuarine was visible
belore excavation.
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Figure 6.7. Data sample points collecied during the H.L. Hunley predisturbance

magnetometer survey.

Next, the survey block designated
CHHROO3, which contained fourteen 50-meter
lanes oriented north-south over the area of
CHHROOI was completed, which gave
complete coverage of the original survey area.
In general, the sea floor of the survey area
appeared virtually featureless except for some
possibic matcrial above the bottom in the
vicinily of the Housatonic sitc.

SUB-BOTTOM PROFILER SURVEY

Another corporate-partnership, this with
EdgeTech of Milford, Massachusetts, provided
use of a digital sub-bottom profiler and operator
Darren Moss to characierize the sedimenl matrix
of the survey area. T'wo 100-meter-square

survey blocks were constructed over the
[unley coordinales wilh 3-meter lanc spacing,
CIIIR004 oriented east-west, and CHHROOS
oriented north-south. On May 5, we deployed
the instrament over the Hunley site and selecied
CHHROO05 to survey because of prevailing
wave conditions. On one pass, a hard return
trom the sub-bottom profiler indicated that we
had passed directly over the hull, but it is not
clear at what angle.

Afler completion of the high-resolution
intrasitc survey Block CHHROOS, we ran
CHHROO3, the 50-meter side-scan sonat block
with the sub-hottom profiler to develop a
general churacterization ol the sub-surface
scdiment interfaces in the survey area,
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Figure 6.8, Two gamma magnelometer contours, with anomalies representing USS
Houswtonie, 111, Hunley and several uaidentified anomalics.

ANALYSIS AND RESULTS
MAGNETOMETRY

The magnetomeler data were contoured on
2 pammia interval isogammas using the gradient
method. This method, developed by ihe
authors, allows corvection Tor divrnal changes
and facilitates incorporation of magnetic data
into GLS. Magnelometer survey results indicuie
three main concentrations of fercous malesial
withino the survey area, and several smatler (less
than 10 gamma) anomalies (LFigure 6.8), One
of the main anomalies is dentilied as Huley,
asecond as the Howscgonic wreck scatler, while
the thivd fetrous concentration, located between
the other two, remains unidentificd, as do the
smalter anomales.
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BATHYMITRY

Bathymetric data indicates a relatively
uniform bottom depih throughout the survey
ared. Depth ranges from 7 meters to 8 metery
(Figure 6.9). There are no anomalous scubed
features associuted wilh cither coniponent,

SEABED CLASSIFICATION

RaxAnn Surficial Seabed Sediment
Classification indicates a relatively uniform
bottom type of sand/mud throughout the survey
arca (Figure 6.10). Surlicial sediment training,
siles 1o coordinate data with speaific botlom
(ype was not conducied. RoxAnn data indicates
high uniformity in the study arca with no
anomalous sediment concentrations in
proxionty to either site component.
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Figure 6.9, One meter bathymetric contours, showing a depth range between 7 and & meters

throughout the survey area.

SIDE SCAN SONAR

Side scan sonar indicates that no part of
Hunley was visible above the sea floor belore
cxcavation hegan. Complete side-scan
coverage of the survey block did, however,
indicate thal small portions of the presumed
Housatonic scatter may be exposed. Side scan
sonar data will be provided to the appropriatc
nianagets on a CD-ROM.

SUB-BOTTOM PROFILER

Data (rom the sub-bettom profiler was
inconclusive, Observation of data returns
during survey operations indicated onc possible
hard-return that may have been Hunley's hull,
Complete analysis of the sub-bottom profiler
data, including development of comprehensive
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sub-bottom characterization of the entire
survey arca, was to be supplied by the

manulacturer.
CONCLUSIONS

The predisturbance remote sensing survey
of the Hunley-Housatonic site revealed
important information about the study area’s
cultural and npatural environment.
Magnetomelry indicates, with the exception of
several discrele anomalics, a magnetically quiet
area. The mostintriguing anomaly is the large
mass between the larger magnetic anomalics
identified as USS Housatonic and ILL. Hunley.
Before or during recovery operations, should
they be undertaken, this anomaly and the 6-
pamma dipolar (contains both positive and
negative magnetic readings rclative to the
ambient field) anomaly notth of it should be
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Figure 6.10. Raw RoxAnn dala showing different bottom types. These data reflecl

swrficial sediment homogencity.

ground  truthed., Bathymetric, bottom
classification, and side-scan sonar daliindicale
the Hunfey-Housaronic siite is In a relatively
flat, homogenous, and featureless benthic
regton,  No mounding was observed over
Hurdey's remains; il lay completely buoried
under a featureless, flat bortom,
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Upon completion of this report, a C1-ROM
will be provided to the Naval thistorical Center
and the South Carelina  Institute  of
Anthiropology and Archacology with complete
raw and processed survey data, as well as the

complete funley Assessment GLS project.



CHAPTER 7

Field Operations

Matthew A. Russell and Larry E. Murphy

At the predisturbance remote sensing
survey’s conclusion, the H.7. Hunley
assessment project shifted into an intensive
diving and archeological documentalion
operation. Prior diving on site had been
preparatory to the assessment’s documentation
phase. The first dives wete made in an attempt
to install large screw-type sediment anchors to
moor the principal dive vessel, South Carolina
Department of Natural Resources research
vessel R/V Awnita, a 52-fool long stern trawler,
over the site. Sediment anchors would have
eliminated the possibility of dragging a vessel
mooring anchor through the Hunley site. After
installing the first sediment anchor, this plan
was abandoned because of the time and
difficulty of jetting the anchors into the bottom.
Instead, we esrablished a three-point anchor
moor cach day with cables long enough to
minimize any anchor dragging threat. Initial
and periodic visual checks of the mooring
anchors by divers fusther reduced any dragging
threat by ensuring anchors were well sct
throughout the daily activitics. In retrospect,
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sediment anchors would have reduced vessel
mooring flexibility necessary because ol the
variahle and often adverse offshore conditions
cncountercd during the diving investigation.

Rulph Wilbanks, lcader of the National
Underwater and Marine Agency (NUMA)
tedmn that discovered the site in 1995, made the
first dive on site for the 1996 asscssment
project. The National Park Service's
Submerged Cultural Resources Unit (NPS-
SCRU) requested that Wilbanks and his team
relocate the site und place a PVC pipe near their
test excavation {o precisely locate the target he
and his team had investigated and reported 10
the Naval Historical Center (NHC), Wilbuanks
requested and received clearance [rom (he
NHC for a single site visit, and placed this
orientation pipe as requested beflore Lhe start of
the current assessment project’s in-water
opcrations.  Wilbanks® pipe was used as a
subsurfacc location device, and it was observed
on side scan sonar. This procedure eliminaied
any possibility of target confusion shouwld the
project’s results have been negative.



Several dives took place on May 3-5. The
first dives were made on Global Positionng
System (GPS) coordinates sclected from the
SCRU magneiometer data collecled May 2
using the accumulating Hunley Project
Geographic Information System (GI53)
database. These coordinates were aboul 472
meters from the coordinates provided by the

NUMA am, OGn May 5, the anniversary ol

NUMA’s ortginal discovery, Wilbanks met
wilh project leaders W discuss project operaiions
and determing the cause of the vartance belween
coordinates, The varsunce resulicd rom a shifl
of coordinaics belween geodetic dalums.

NUMA, following US Army Corps ol

Engineers practice, had used South Cirolina
Staie Plane coordinates for their survey, which
arc i North Amerncan Datum 1927 SCRU
uscs World Geodetic System 1984 (WGS 64)
coordinates, generally standard for most GPS
applications. NUMA’s coordinates were
converled 1o WGS 84 and found to be congruent
with SCRU coordinales obtamed {rom (GIS

analysis of the recently collected predisturbance
survey data. Although  extremely adverse
diving conditions on the first day caused the
divers o miss the 'V pipe, the coordinates
selected from the survey were ultimately found
to be approximately one meter from Withanks’
pipe. May /7 was a down-day duc 1o weather,
though lwo aborled dives were attempled on
site.

GENERAL VING OPERATIONS

Diving operations started on May 8 and
coniinued through completion of site back(illing
on June 4 (Frigure 7.1). Several days during
this time were down-days due Lo weather,
mcluding May 11-15 and May 28. A totul of
{9 days were spent in dive operations mcluding
excavalion, documentation and back{illing the
site. Lovall, 302 dives totaling 225, 16 hours were
made during the 1996 assessment project. The
project dive summary is repraduced as
Appendix A,

Figure 7.0, Divers prepacing Tor work on site. NPS photo by John Brooks,
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The first task was to use water dredges to
cstablish contact with the target. The ohjective
was to first exposc what had been previously
uncovered during NUMA’s 1995 iest
excavation. The next step would be (o
systematically excavate along the hull to expose
sufficient remains to meet project objectives
confirming the remains as H.L. Hunley and
evaluating its current status. A yellow, 1/4-inch
polypropylene line was established down the
site's centerline to provide orientation during
diving operations. Before placing this
oricntation ling, a series of metal detector and
hand-held cesium magnctameter surveys
established the hull ends. The line was secured
belween two PVC pipes driven into the seabed
a meter beyond any indication of buried metal.

After the initial site localion was
established, SCRU"s DGPS equipmenl was
used each day to reaccupy the site. A dive team
was dispatched in South Carolina Institute of
Archaeclogy and Anthropology’s (SCIAA’s)
25-foot dive boat, C-Hawk, 1o relocate the site
and prepare the site {or the day’s work beforc
arrival of R/V Anita, which served as the
primary dive vessel. The daily procedure was
for divers aboard C-Hawk to proceed to the site
coordinates using DGPS and drap two buoys
with padded weights on the site location.
Padded weights were used o prevent damage
to the iron hull after it was exposed. Two divers
then made a circle search uniil the yellow
polypropytenc oricntation line, which stretched
from Hunley’s bow to stern along the centerline,
was located. The two buoys were then moved
to each end of the orientation line. Thesc twa
buoys served as a guide for aligning Anita’s
stern directly over the site’s center. A downline
from Anita’s stem using a 30-pound mud anchor
was rigged at one end of the site. A sccond line
was rigged on the surface from the downline to
the dive ladder on Anita’s port side to allow
divers to pull themselves against the current to
the tadder. This procedure minimized potential

for site intrusion and discovery by potential
vandals hecause no buoys were left on sile.

Rach day Anita was secured over the site in
a three-point moor. Anita’s bow line was set
with an approximate 10:1 scope when the stern
wis positioned over the site. After setting the
bow anchor, and with the siern ovcer the site,
two stern anchors were taken out in a small
inflatable boat and dropped in the proper
locations for safe mooring. IDivers were
periodically dispaiched down each mooring line
to verify the anchors were secure. The anchors
were situated Lo minimize potential site damage
from an anchor dragging into the study area.
At the end of each diving day, the stern anchor
lines were buoyed and releascd to be retrieved
by Anira after recovering its bow moor.

Daily excavation operations utilized water
dredges mounted in C-Hawk, which was rafted
along side or sccured astern of Anita. A 6-inch
and two 4-inch dredpes were used. All
excavation was conducted by SCRU, SCTAA,
or NIIC archeologists, To the cxtent allowed
by limited visibility, sediment was examincd
while being hand-fanned info the dredge. Each
diver was debriefed immcdiatcly upon exiting
the water to provide a cumulative record of site
observations and excavation progress. A
chalkboard was used abourd Anita to track the
excavation and for diver briefings before and
after each dive (Figure 7.2). Archeologists were
instructed to continvally monitor the exposed
hull for any signs ol impact resulting from
sediment removal, in particular buckling,
encrustation cracking, bubbles emanating from
the encrustation, or presence of loose or
detached hull material. No impact attributable
1o site testing was observed during the project.

[n general, diving conditions on the Hunley
site were adverse and difficult. Visibility
normally ranged from O to 1-2 feet, which made
excavating slow and often frustrating. Strong
tidal currents also made diving difficult, except
during brief windows of slack tide. Once
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Figare 7.2. Larry Murphy briefs divers befove entering the water. Clockwise from
right: i Spirek, Dave Conhn, Mati Russell, Joe Beatty, Rich Wills and Bob

Neyiand, NPS pholo by Joha Brooks.

excavation had proceeded below the seabed,
however, divers were shielded to some degree
from the currenls ripping overhead. Lo addition
(o near-zero visthiliy and strong currents, divers

also had to contend with a thick slurry of

stinging jellyfish that were continually on site.
Most divers wore ice-diving masks, which
reduced exposed skin on the face 1o only the
diver’s ips. Fiven so, from tme to time jellyfish
tentacles would wrap avound a diver's regulator
and sevecely sting their lips.

Once the hull was exposed, archeological
documeniation hepan. Site documentation
consisied of direct measurements, video and
photography. Video und photography were
difficult because of extremely low visthility.
Oceasionally, on an imcoming tide, a brief clear-
water window occurred. In these cases, normal
leld operahions were immediately inerrapled
to conduct video and photography. In addition,
1200-watt HMI underwater movie hghts were
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used to enhance video recording. A total of 133
rinuies of underwaler video was recorded
during the project,

TTull mappimg, using drect measurements,
followed standard archeological procedures. A
drawing was completed during field operations
(o be used as the basis Tor postiomng ficld
carrasion measurements (igure 7,33, Plan,
clevation and profile drawings of exposed
portions of f{unley were completed in the field.

Towdrecording, a device was desipned and
built from PVC pipe 1o oblain detuiled huli
profite measurements, A right angle was
consiructed thal atfowed accurately positioned
hull perpendiculars to be mcasured along the
holl side. The device was alfixed to a small ling
tghtly strung hetween the snorkel box and aft
hateh wlong the hull centerline. The profile was
tiken just Torward of the all hatel from the
centerline w the keel (see Figure 8.2),



EXCAVATION STRATEGY

The principal excavation objectives were to:
1} verify the reported site as H.7. Hunley; 2)
determine the site’s present condition; 3)
evaluale the present vessel state for potential
recovery. Site verilication was based on
congruence of principal features encountered of
historical descriptions. Definitive verification
depended upon localion ol particular features
unique to I1.L. Hunley, which included: forward
hatch, aft hatch, snorkel box, dive plane,
cutwatce, screw, rudder features, keel hallast and
bow spar or fittings. Verification would be
established if five or morc of the attributes were
located.

General strategy was to uncover NUMA's
original area of investigation first to gain
experience with excavation in thc site’s
particular sediments and conditions and to rcfine

excavation methodology before removing
previously undisturbed sediments. Tnvestigators
wanied 1o ensure that maximum information
would be recovered. After opening the first
excavation unit in the forward-hatch and
snorkel-box area, a second excavation unit
would be opened toward the vessel’s stern to
locate the aft hatch. 'The two excavation units
would work towards each other and join in the
middle.

To locate the first two excavation units, the
vessel extremitics were established with
systematic metal detector cxamination, and the
location for the initial excavation units moved
2-3 meters in from each end of the hull, as
indicated by metal detector contact. The
excavation concentrated on the center hull area
and avoided the stern and bow arcas. The sterm
area was believed to be fragile because of a
smail piece of graphitized iron located in the

Figure 7.3, Trom left to right: Chris Amer, Rich Wills, Larry Murphy and Lynn
Harris use Hunley field drawing to discuss hull corrosion measurements. NPS photo

by John Brooks.
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alt cxcavabon umi, possibly ndicating poor
preservation of smaller ferrous siern [eatures,
Because of poreoiinl damape to the complex
rudder, propelter shiroud and screw features in
the low visibility conditions, the sier arca was
nol excavated.  Reduced visibibity would ool
pernmt adequate control Tor excavation of
fragmented metal stouchoes. Projecy leaders
decided that 1he poicnhally fragile s area
should only be excavated once: when the vesse)
15 ulttmately cecovered ! that decision s made,
The afier end of 1the submarme was Jeli
undisturbed unid the cnd of the project. At thal
tune, o narrow freach along the top hull
centerline was carclully excavated o the aft-
most poini of the hull (o establish accurate
overall hull Tength, not couniing screw andd
shrowel. Accas heyond and befow that pomt,
however, were not disturbed toe leae of losmyg
fragile material, Por the same reason, the bow
andhts potentially fragile spar atachments were
avorded untill the cod of the project. Phen, as
i the stern, the centerline was carclully
excavaled Torward to finish ovecadl lengib

measutements aud deteriine Hany portions of

the: spar or spar attachments remained oo the
tll top, The decsion o excavale the bow was
made alter exiensive metal detector sirvey
eslablished (there was no detectable metal
forward of the hull,

EXCAVATION AND
BOCUMENTATYON

Belore beginning excavalion, three hand-
drivin cores were recovered just beyond the site
peronieter for predisturbance analysis by a
sedimeniologisl, These cores were used 10
determine the nature of sediments surrounding
the sue and thelr stabn ity Invaddition, they were
used Lo help establish 4 buaral sequeace and
depositional Instory [or flusdey

Predges were deployed Trem the SCITAA
vessel C-Flawk This vessel was typically rahed
alongside Anirg when coaditions allowed.
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When witves were oo large Tor sale rafting, €-
flenwk was atached by a bow line w Anita’s
stern, lsing the smaller vessel for an eguipment
plattorm worked well, In addition toremoving
the pump engiaes lrem the diving deck, the ¢
Fienek e 2 much lower freeboard than Asda,
which mimmmzed pump head DI for maxomim
dredpe etheiency.

Beloce deploying the dredges, melal
detectors andd a hand-held cesmm magnelometer
(provided by Geomelries, Ine. ol Sunnyvale,
Cabhforma,  aod Instiiuie of Nauocal
Archacology. College Station, Texas) were used
PVve
stakes were set aecither end of the site, al leasi

Lo establish site hnuis and onentaiion.

I meter beyond the lasi metal deicelor contact.
A yellow polypropylene line was set between
the two stakes, denoting the cemerline of the
sie, as Indheated by extensive meldl detecting,
This line was non o mapping bascline, it was
used solely as g diver orientaton hine, In
adeition, severdl sinkes were sei o arther side
ol the centerline denoting the edee of the metal
detector contacts and served as odeniation
poines oy case o diver became sepirated from
Thas systematic metal deteching
revedled an object shehtly more dvan 40 (eel

the sibe.,

long, with taperg ends, oniented along 297"
L7 magnelic axis

The fiest excavation unit was opeaed in the
1995 NUMA
cxcavation near the forward hateh and snorkel

same location us the sl
box. The torward haich was the Tirst feature
vevealed, which was located e than 0.5
eler below the sea bed, The second excavation
umit was opencd near the stern, approximaely
2amneters Torward of the all-most oot on e
huli (non incladig mddder, propellor shrond and
serew ] By the end ol diving on May 1, the
Torward hatch, snorkel box, catwaler and dive
plance had been exposed, but the stern excavaiion
it had not yol revealed the aft haich
Therclore, tdeattheation ol the object ay #.4.
Hundey could ool be verilied. Because of



inclement weather from May 11-15, diving
operations did not resume until  May 16,

Excavation continued on May 16 and 17,
the forward excavation unit moving aft, and the
aft excavation heing pushed forward. Finally,
on the last dive of May 17, the aft hatch was
discovered in the aft excavation unit. Discovery
of the aft hatch finally and unquestionably
identificd the site as the Confederate submaring
ILL. Iunley.

Dredging continued May 18 20. On these
days, the two excavation units were gradually
joined and expanded forward and aft to the full
extent of the main excavation, from just forward
ol the cutwater forward of the forward hateh ta
more than 2 meters afl of the afl hatch {sce
Figure 8.3). In addition, just forward of the all
hatch, the excavation was taken down to
Hunley's keel ballas(, more than 2 meters below
ihe sea bed, so this area could be examiincd and
a hull cross section could be muapped.
Preliminary mapping of the submarine’s main
features began on May 20,

On May 18, an attempt was made to
measure hull thickness using three ultrasonic
metal thickness measurement devices. These
instruments, which are inherently
nondastructive, were developed to monitor hull
corrosion on modcern, steel-hulled vessels.
Because the speed of sound is different in
wrought iron and cast iron than in stecl, iron
samples were procured locally for instrurnent
calibration. None of the instruments, including
the best, a Cygnus Ultrasound Thickness Gauge,
produced reliable readings during
approximately 100 attempts in about 20
different hull locations.

The Cygnus gauge, manufactured by
Cygnus Instruments, Inc. of Annapolis,
Maryland, is a multiplc-ccho, digital gauge that
uses pulsed sound to accurately measure metal
thickness underwater. This instrument has
produced excellent field results on many
commercial applications and accurate metal
thicknesses on steel ship’s hulls without having
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to remove coatings up to 5/16-inch thiek. This
instrument is usually accurate to 005 inches,
+/-.002 inches. The Cygnus gauge also uses a
single probe, which is especially effective on
curved surfaces, like pipe, and we believed it
would be the most effective for Hunley.
Unfortunately, it was impossible to oblam a
steady, unambiguous reading with this
instrument, likely due to the hard, resistant
corrosion product strongly adhering to Hunley's
huil. Apparently, the iron encrustation corrosion
product sets up multipaths that negate accurate
metal thickness determination with the Cygnus
gauge. This instrument and experienced
operator, Leonard Whitlock, were supplied by
Oceaneering, Inc. of Upper Marlboro, Maryland
(Figure 7.4).

After brief dredging to clear the excavation
of mud that had accumulated overnight, the
majority of May 21 was spent mapping and

- drawing principal hull features. In addition, Mel

Rell and Bob Martore, marine biologists with
the South Carolina Department of Natural
Resources, made a single dive on Hunley al the
request of the field director to examine hull
encrusling organisms to aid in the determination
of the site’s burial history.

May 22 and 23 were devoled Lo COITosion
measurements along the hull and collection of
various cnvironmental samples. Dan Polly, a
corrosion engineer, arrived on site with several
instruments, some of his own design, to record
ITunley’s iron-hull corrosion potential. Water
samples adjacent W the hull and midway in the
water column were collected und analyzed for
salinity and pH.

‘The remaining days hefore sife backlilling
began, May 24-27, were spent completing
documentation of the hull and its principal
{catures, including developing a hull profile; and
¢ollecting more environmental samples, such
as stratigraphic sediment samples using a box
core (Figure 7.5), water samples, and coral
samples from the hull. In locations where coral
or encrustation samples were removed from the



Figure 7.4, Larry Murphy and Leonard Whittock fvom Oceaneering, Ine. test the
Cygnus Ultrasound Thickness Gaoge. NPS photo by John Brooks.

hull, a pll-neutral epoxy was used to paich the
hull encrusialion, thereby preventing the
creation ol a local active corrosion cell. This
epoxy coaling proved particularly effective.
‘The material, Develad 182, produced by Deveae
Coutings Canada, Dartmouth, Nova Scotia, is
a splash-zone barner coating that 1s haod
applicable underwater, This material is a (wo-
camponenl epoxy polyumide that hus excelleal
cathodic disbondment resistance, and [orms an
clfeetive corrosion barrier. The material is
mixed on the surface and sels up underwaler
with a pot life of aboul an hour. This material
appeared ideal for this application.

On May 26, a sysiematic metal detector
survey was conducted Irom Hunley's bow 1o
approximately 35 feet beyond. There was no
tndication of metal material beyond the vessel’s
bow, The lollowing day, the last hetore
backhlhog, a dredge was used o carefully
cxcavate a narrow treneh along the hull
cenierling 1o the Torward- and alt- most points
on the hull (not including propeller, shroud, or
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rudder) to obtain aceurate overall length
measurements and determine the presence of
the spar or spar attachmeat Attimgs.

BACKFILLING

Backiilling began May 29 when exposed
hull documentation and sample collection was
completed. The mtial plan was to place a
protective layer of a strong, plastic material
called GeoWeb around the hull, and backtill on
top of 1. Thrs material would serve as an
extremely tough, physical barrier to any
unauthorized excavation allempt. GeoWeb had
been used successlully by SCIAA on sites
located in muddy, intertidal zones, but this
would  be tts first use on an underwaler site.
The haneycomb-like
conliguration, and was oniginally 10 inches
thick. Project leaders decided this thickness was
unwieldy, so it was cul inte 3-inch thick
sepmoents. A 4-tool wide section was stretched
over the hull and pressed into the sedunent, bul

material  has  a



Kigure 7.5. Larry Murphy and Christopher Amer cxamine one of the box
cores used [or stratigraphic sediment sampling. NI'S photo by Kathleen
Middlebrooks.

1t was quickly discovered that the material was
slightly buoyant. Because the GeoWeb would
not stay securely in place and its edges worked
up cut of the sediment, it was removed as a
potential risk. If the material partiatly worked
itself out of the sediment, it could be snagged
by shrimping activities or it could increase the
risk of unauthorized site discovery.

After removal of the GeoWeb, backfilling
began in carnest. A 6-inch and a 4-inch dredge
were reversed and sediment surrounding the
site was pumped over the hull. Ultimately,
backfill dredging proved ineffectual, Because
concentration of sediment fincs was so high,
much of the sediment became suspended and
was carried away. Even su, al the end of the
first day of backfilling, Hunley’s hull was
covered to approximately hatch level.

Because of several days of bad weather and
srnall craft advisories, Anitg could not relum
to the site until June 3. Backfill dredging
continued, but it soon became clear another
method would have to be devised. The
dredging was extremely ineflicient, and
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excavation of borrow pits surrounding the site
could potentially destabilize the whole area.
Backfilling was completed on June 4 by placing
56 sand-{illed jute bags over the upper hull,
hatches and snorkel box. The sandbags were
filled with clean mason’s sand. Before placing
sandbags, scveral conscrvators were consulied
about potential negative 1mpact from
introducing organic jute next to the iron hull.
The consensus was there would be no negative
impact, increased corrosion or destabilization
of hull encrustation (Donny flamilton, Jon %
Leader, Dan Polly personal communication
1896).

The sand bags were filled on land and
transported to the site aboard Anira. The bags
were dropped close to the site and divers
positoned each one atop the hull 1o bring the
sediment level approximalely level with the
surrounding seabed. Laler site visits by Soulh
Carolina Department of Natural Resources
Divers coniirmed the site had stabilized and was
indistinguishable from the surrounding seabed,



CHAPTER 8

Site Description

Larry E. Murphy, Matthew A. Russell and Christopher F. Amer

HISTORICAL DESCRIPTIONS

Historical documents describing  H.L.
Hunley’s physical appearance are limited to
several narratives and a few images, and thesc
can be evaluated in reference to what has been
learned about the vessel. Written descriptions
include a detailed account by Wilham A.
Alexander, one of the submarine’s designers
and builders; a description by Li. George Gilt
of the Confederate Slates Navy in Mobile; an
account by Hunley builder James McClintock;
and a brief mention by Col. Charles H.
Olmstead, who ohserved the wvessel in
Charleston. Images include sketches made by
Alexander to accompany his written description;
a December 1863 skelch and painting made by
noted Civil War artist Conrad Wise Chapman;
i lale nineteenth century sketch made by Simon
Liuke after a description by Lt Charles H.
Husker, a survivor of un early Hunley sinking;
and 4 possible photo taken December 1863 by
Civil War photographer George Cook.

William Alexander, a 21% Alabama
Infantry engineer, left a detailed written
description and three Hunley sketches: deck,
plan, and cross-section drawings showing hull
and inncr mechanical features (see Figure 4.2).
Unfortunately, this information was published
in the New Qvleans Picayune June 29, 1902,
maore than 38 years after the Hunley's loss in
Charleston  Harbor, and it contains some
inaccuracics. Although perhaps giving a pood
vessel  control-mechanism  description,
Alexander’s basic hull dimensions are off
considerably (Alexander 1902; scc Chapter 4
for a complete description). His skeiches arc
also substantially out of proportton and do not
portray accuratc vessclt morphology, which
tend to cast suspicions aboul internal detail
accuracy. Along with his written description,
however, these sketches provides the only
historical clucs to Hunley's internal works.

Another Hunley description was written in
Mobile by Lt, George Gift ot CSS Gaines who
helped get the submarine ready for shipping to



Charleston.  His description contained 1o a
letter 1o his llancé accuraicty described the
vessel's hasie dimensions {Turner [995:5 8,
sce Chapter 4 for a complele descriplion).

A ihird deseription was provided by Flunley
builder James McClintock, who apparcuily
became  disenchanted  after the war and
consudered  moving o Great  Dritain,
MeClintock, seeretly met wath the Brnish naval
officers i Canada (o discuss citizenship and
continuing his sutwnanne work lor them, He
senl o letier to the Briush officers i 1872
detailing work on fluniley and ils predecessors,
and briclly describing the submarine (Mublic
Records Office, ADM 1/6236; sce Chapter 4
(or a complele description).

Col. Charles t1. Ohmstead, who conmmanded
Confederate  forces  at Charleston’s  Tort
Tohnson durmg the wur, provides the {ourlh
Hunley description. Afier observing Hunley
docked at Fort Johnson, he wrote “[1]t was built
of boiler iron, about 30 feel in length, with a

breadth of beam of 4 fect by a vertical deplh of

O feet, the fipures being approxmiale only”
(Olmstead 1883, m Kloeppel 1987).  Like
Alexandes, these observations were appacently
recorded sometime after the war and, therefore,
not enfively reliable.

*robably the most accurate Hunley depiction
is Conrad Wise Chapman’s sketeh made while
the vessel was dry-docked December 2, 1863,

lollowing ity second  sinking o which
namesake Homee 1. Hunley lost as life. This

sketch was the basis lor a later paiating, daled
December 6, which 1s the most well-known
fundey image (Kloeppel 1987:04) (see Thgure
4.1). Chapman was an active Civil War artist
who sketched and pamted many Charleston
war scenes including views of Conlederate
defenses, ironclads and combal.  His FHundey
views are very detailed, and they provide an
accurate general image of the submanne.
Chapman’s sketeh and painling show generally
accurale placerment of ffunley™s main features,
including hatches (corming lowers), snorkel
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box, and dive planes. Although there is no
current evidence to judge his depiction ol the
stern mechanisms and keel ballast, he does
accuralely depict a lair hull at the bow and
sier,  unlike  Alexander’s  rather  boxy
Husiration.  The only apparenl inaccuracies
that can be noted, based on archeological
observations, are placement of the spar torpedo
and the all cuiwater forward of the hatch, Tt
could be, however, that the trpedo delivery
was allered  after  Chapman’s
observations,

Another Hurdey image was produced by
Simon Lake, a respected turo-ol-the-century
submarme expert, and published in MeLures
Magazine Janunary 1899 (Figwe 8.1). The
sketeh was based oan his 1898 mierview wilh
Charles Hasker, a survivor of Hundey’'s Tirst
Charleston sinking. Lake’s skeich s rather
crude and containg only two items of particular
interest: five deadlights on the upper hull
between the haiches (although it does not
depict a snorkel box) and the spar torpedo
arrangement, which s angled downward 0
deliver the torpedo well below waterline, This
is the only historical source 10 include
deadlights. While this may nol be an entively
accurate depiction of the lorpedo delivery
system, 10 is the only historical source that
shows something ather than the bow-mounted,
strateht torpedo spar, Although spar details still
ceiain - speculalive,  an arrangement  that
delivered the torpedo charge the
waterline would ¢learty be more effective than
one striking at the walerline mounled upon a
sirnight  spar.  During ity atlack on  the
blockading fleet of I Charlestou, Commanding
Generd Beaurepard ordesed Husdey nol (o
submerge, making a straight hull mounied
torpedo less effective than Lake’s arrangenent,
Fucthermore, flousatonic’s Assistant Engincer
Mayer's testimony suggests the propeller shalt
may have been severed in the explosion (Ragan
[995:138), Such an cvent would be more
consistent with an exploston well below the

system

below



Figure 8.1. Simon Lake’s 1899 drawing of Hunley. Though inaccurate in many
details, it 18 the only historical depiction that includes deadlights.

waterline than one from an explosion at the
waterlinc wheic a straight bow-mounied spar
would place il,

A final depiction of HHunley might be an
actual photograph.  According to Ragan
{1995:127}, a black-and-whitc vessel image is
believed to be a George Cook photograph taken
in December 1863. Cook’s view of Iunley is
the same as painted by Chapman at the same
time, If it is a photograph, it is probably of
Chapman’s painting rather than the actual
submarine. For our purposes, however, which
came first and which is hased on the other is a
moot point.  The “Cook photograph”™ shows
nothing different than Chapman’s painting.

‘These few historical documents arc the
only primary sourccs [ocated so far describing
or depicting H. L. Hunley. Chapman’s work
appears to be the most accuraic, bul conlains a
few crrors. Although Alexander would seem
likely to bec the best information source
considering his closc association with Hunley,
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the delay between his involvement with the
submarine and recording his obscrvations was
apparcntly so great that it lcad to secnous crrors
and misrepresentations. The samc can be said
for Lake’s sketches, especially since they were
done from secondhand information. They
include some interesting details, but hold very
little weight overall. The information contained
in McClintock’s and Gilt’s descriptions, while
probably representing the most accurate overall
dimensions, provide [ew additional details as
well as several errors.

These few historical descriptions and
images served as a basis to develop a set of
decisive attributes with which to make the field
determination of whether the vessel being
investigated was H. L. Hunley ornot. Excavation
planning, documenting and interpreting remains
were also based on this historical attribute sct.
It became clear during the course of this
investigation that none of the historical
accounts was particularly accurate. 1t was also



clear that given lhe paucity ol Tirsthand
historical records aboul {ueley, the material
record 15 the best source for accurale vessel
information, as 1t 1s with most historicul
shipwrecks.

HULL DESCRIFTION

H.t Hunley is located I approxinaicly 30

{eet of water aic burted under about a meter of

scdiment around Tour nuatical miles oltshore
Sullivan’s Island. The submaring’s bow g
oncnied towards 207
nearly divectly towards Sullivan’s Istand. The
hull is canted about 45 to starbourd. Overall

magnetic, pointed

hull length 1s 39 [eet 5 inches, from the tip of
the upper bow o the ali-most point on the upper

hiull, not including propeller, propeller shroud,
and rudder assembly, which were nol observed
{(Ingurcs 8.2, 8.3 und 8.4).

Based on profile measurciments, the hull is
3 feet [0 imches wide athwartship and 4 feet 3
inches from hull top o the boitlom ol the keel
ballast. The keel ballast 1s 4% inches thick al
the edge, bul rather than rectangular shaped, it
is probably concave on its upper [ace 1o [it the
hull’s boltom raelivs so it should be somewhal
thinner in the middle. The vertical hull
dimension is imprecise beeanse the keel-ballast
center thickness 15 unknown.

A very indistinet longitudinal seani from the
ron strip tserted duving fundey’s construchion
was obscoved during the excavaton forward ol
the aft haich that exposed the keel ballast {or
tneasurement. Though described as 12 inches
wide by Alexander ([902), this iron sirake
measures 9 inches wide, Because of marine
encrustation, i was only possible 1o sce the op
scam 1n 4 lew locations: the bottom scam was
indistincl.

Both bow and stern hull sections have a
very fair shape; they narrow almost to a point
at either end, but the narrowing is gradual, and
the entire hull appears Tair, This 1s only an
impression becanse not enough ol Hunfey’s bow
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and stem sections were csposed (o oblaln
longitudinal hull nes.

Only one vertical seam was observed on the
entire hull, Although others certanly mus! be
present, they are appavently obscured by
encrustaton and corrosion product, The single
vertical seam was slightly forward ol the alt
hetch, and may be where the fivst cousse of plaie
atlached 1o the origimal botler repartedly nsed
in hull construction. 1I'this is the casce, then the
cast-iron aft hateh s not attached dircetly to the
wrotght-iron boiler comprising the centrad hull.

Flunfey's principal features exposed and
documented during the excavatton include the
forward hateh and cutwater, snorkel box, aft
hatch, port dive plane, keel ballast and the
previously unknown deadlights (Figure 8.2).
[Simon Lake’s sketeh was located after
l[leldwork ceased.] The propeller, propeller
shroud and rudder assembly were el
undisturbed and were not observed during this
assessment (Figure 8.2 and 8.3},

Huntey has iwo hatches, or conning towers,
located 16 feet 3 inches apart on the hull-top
centerling, The hateh covers open lowards each
other, the forward hatch cover 18 hinged on s
altend, and the aft coveris hinged on its forwird
end (Figures 8.2, 8.5-8.8). Each has a double-
hinge mechanism (Figure 8.8). Both hatches
are oval shaped, 2 feet long at the base, and

joined 1o the hull by a raised flunge, and both

hatches are | ioot 2 nches tall on the centerline
and | foot 3% inches tll on the outside edges,
a function of the hotl raduis. The hatlch covers
are | fool 11 inches long 2 feet | mch includimg
the hingesy; they are | ool 3 inches wide, Only
one viewing porl was observed on cach haich
couming, both on the port side (Figure 5.6).
Both ports are 5 mches in diameter, including
the ouler Mange. The actual viewing porl was
maostly (illed in by marine cncrusiation, 80 a
precise measurement was not possible. The
forward hatch viewing, porl s placed shphtly
lower on the hatch comming than the one on the
alt hatch (Fipure 8.2, 8.6 and 8.7}, No viewing
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Figure 8.3. Artist’s perspective of Hunley site at the maximum extent of
excavation. Computer graphic by Dan Dowdey, South Carolina State
Museun.

Figure 8.4. Artist’s computer reconstruction of Hunley bused on archeological data.
Note: No evidence was detected for the bow torpedo spar depicted. Computer
graphic by Dan Dowdey, South Carolina State Museum.
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ports were observed on either the forward side
o the lorward hatel, the alt side of the all hateh,
or the starbourd side of cither, Because of the
hinge assembly, there is no room for a viewing
port on either the aft side of the forward hatch
orthe forward side of the aft hateh. The forward
side of the Torward haich coaming, just 10 port
ol the cotwater, has a large hole in it, which
may be the focation of a forward viewing, por
(Figure 8.7). "This is a likely viewport location
o atlow the pilot to see fTorward when underway
wilh a secured hatch cover., This area 18
compleicty broken out; there were no clear
indications here of a viewport flange. This 18
the only hull damage observed, and it was
mdeterminate whether this damage oceurred
durmg the engagement. The edges are
complelely encrusted, mdicating it is tikely
contemporanzous with sinking. This hole could
have been causcd by Howsaronic smal-arms
fire, which broke out a forward view pori and a
scetion of the solid cast-iron haich conming.
Future archeological work may reveusl what
caused the forward hatch coaming break and
revise this speculation,

The snorkel box {(or atr box), located 4
inches aft of the forward hatch (Figure 8.2 and
8.9), is a rectangular box L foor 2 inches wide
and 1 oot 3 inches long set on the vessel™s top
centerline. R 7% inches high at the outhoard
edpes, and 642 inches high on the cenlerling,
again because of hult curvatwe. On cach
outboard side is a diamond-shaped stufiing box
and stump ol a snorckel (Fipure 8.13).  Buch
stulfing box is {1 inches long and 5 inches
wide; both snorkel stumps are 3% inches in
diameter.

Forward of the forward hatch is a 3 foot 4.
ineh-long culwater (Figure 8.2 and Figure 8.7)
that 18 8% nches high where atlached 1o the
forward hatch. Joining itto the forward hatch s
a 2Va-inch-diameter vod, which 1s 7% inches Lall
and sits atop the hatch flange. This culwater is
made from a single iron shect whose thickness
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varics from ¥ 1o | inch due to corrosion
product. Although Chapman depicts one in his
patnting, there 1y no evidence of a cutwater
forward ol the afi hatch, nor is there a place for
one because of e hinge mechanism, It is
unlikely the vessel ever had one,

The port dive plane was exposed and
documented, [Lis 6 feet 10 inches long, withia
3-nch-diameier  pivot pin in ils  cenler
connecting it to the hull; an extecnal stuffing
box was not visitde. The dive plane is 8 inches
wide and between [ and 1% inches tluck.
Both leading and trathng dive plane cdges are
rounded. I is lilted upward [rem horizontal
10°, possibly its final setting by the crew. Lf so,
they were apparently trying o reach or
maintaio the surface. The starboard dive plane
was not exposedd.

Depicted only 1 Lake’s 899 Hunley
imnage (Figure 8.1), lLive pairs ol 2-mch
diameter deadlights were observed along the
hull-top centedine between the snorkel box and
the alt hatch (Figure 8.2 and 8.11). Euch
deadlight ts 5 inches off cenferline Lo port or
starboard; each pair 15 1) inches  apast
athwartship, The forward-most pair 1s 2 [ect
2v5 inches alt the snotkel box, and then cuch
pairis spaced between 2 feet 6 inches and 2 feel
9 inches apart longitudinally slernward along
the hull top. Glass is present in all deadlights
observed  except one, which bhad marine
eocrustation Hilling the openig. [n some, the
slass was cracked. The aft-most porl deadlight
appedred 1o have a Ya-inch-wide coanting or
collar uround it, This was not observed on any
other deadlight, but it may be obscured by
encrustation on the others,

During documentation, nearly 7 feet of keel
Ballast were cxposed. This solid-tron piece is
4% nches thick at the edge, and { Toot [0
inches wide athwartship, One junction seam
near e Torward end of the exposed portion
was observed, indicating at least two scetions
of keel ballast arc in their original place
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Figure 8.6. Aft hatch, port side showing view port (foot-inch scale stadia). SCIAA
photo by Christopher Amer.
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1ligure 8.7, Forward hatch (rom port side looking aft with view port on the right and
cutwater running fovward on the lefl (two-inch-square stadia in inches). SCIAA
phioto by Christopher Armer.

Fipure 8.8. Aft haich cover, top view, vight side Taces forward (foot-inch-scale
studia). SCIAA photo by Guenier Weber.,
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Figure 8.9. Top view of air box, right side faces how. SCIAA photo by Christopher
Amer.

attached to Hunley (Tigure 8.2). We did not
expose the keel ballast’s sternward end, so we
could not determine how far aft it extends.

A narrow trench was excavated along the
vessel's top centerling to its forward-most
point. From the cutwater forward, the hull top
is smooth, and there is no indication that spar
attachment fittings were ever located atop the
bow. The iron encrustation, however, is
cxtremely thick, and remnants of such fittings
may be obscured.

During the cxcavation along the hull top to
the hull ends, towing or mooring holes were
obscrved on both the bow and stern similar to
thosc depicted in Chapman’s painting. These
holes pass laterally through the narrow forward
and aft hull sections, and appear to pass through
solid castiron. The forward hole is 7 inches aft
of the bow and 2 inches below the hull top. The
aft hole is 10 inches forward of the stemn-edge,
and 3 inches below the top. Both holes were
blocked with marine encruslalion.

For much of the excavalion, archcologists
did not dredge further astern than a large
concretion attached to the port top hull, just
helow the centerline and approximately 3 feet
from the hull’s actual stern edge (Figure 8.2).
For much of the project, this concretion was
referred Lo generically as the “rudder actuator,”
because it is in the approximate location of the
point where the port rudder arm leaves the hull
as depicted in Alexandet’s sketch {though not
seen in Chapman’s sketch or painting). After
exposing more of the stern on the last
excavation day, it became clear that this feature
was just another unidentifiable concretion, of
which there are several attached to hull.
Although not much beyond the hull’s top stern
end wus exposed, the beginnings of a bulge on
the vertical stermm edge was notcd. To the
excavator {Russell), this {clt much like the
rudder asscinbly depicted in the Chapman
painting, which shows a single rudder-acmator
arm protruding aft from a cowling in the stern-



most edge of the hull. Alternatively, however,
the bulge may be part of the support for the

propelior shiroud, and the side rudder-actualor

arng (10 present) may not have been exposcd at
all during this tesl excavation.

Atleast lenconeretions, in a variety of s1zcs
and shupes, were recorded on fHunleys hull, all
of which arc unideniified. These may be
origmal hull features, or merely ferrous objects
or fragments that became attachied o the hull
during the burial process.  Lor tstance, a
concretion jusi below the snorkel box may be a
snorkel fragment.

During excavation, a very distinet shell
layer was observed i the stratigraphy, and
several bones and a small prece of wood were
recovered Tron this stratunt,. One bone wus
clearly an mtrusive marine marmmid. Anotiher,
with a distinet cut on one end was identificd as
a porhon of bovine sternal caridage 1hat
connecls the vib to the sternum Likely from a

brisket cul or short plate cut of meat. The cutin
the bone was probably made with a saw, rather
than i blade. The bone could be from a munber
of places, possibly one of the blockading
vessels or maybe Housatonic, 11 s extreinely
unlikely, however, thal the bone is [rom
Hundey, 'The wood was identified as Douglus
fir, and is also mirusive to the site. Two pieces
ol coal were also recovered dusing excavation,
Oune was collected from near the shell layer,
while the other was actually found under
flundey’s keel. This indicates the coal s
conlemporancons  with the sinking, but s

obviously  not  from  flunley. Analysis
wlentified 1 as meta-anthracite, rom (he
northeasicrn Umited States. The coal s

posstbly from Housatonic, lost when itsank, or
(rom uny ol the blockading vessels that
dropped coal overbourd, possibly during re-
coaling. A complete inventory of samples and
specimens collected are histed in the Field

Figure 8.10. A box port side with studTing box and snorkel stub. Temporary

mapping line 1 visithle at atr box base (two-incli-square stadia in inches), SCIAA

photo by Chrstopher Amer.
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Figure 8.11. Plan view of twin deadlights on either side of vessel centerline. SCIAA

photo by Christopher Amer.

Specimen Catalog in Appendix B, and they are
discussed further in Chapter 9.

H.L. Hunley’s archeological documentation
revealed scveral discrepancies between
historical vessel descriptions and the material
record, Some are errors in recollection of
people closely associated with Hunley writing
many years after the fact. Others are because of

85

erronecus Second-hand  Information. Main
vessel attributes  described  in hastorical
documents, however, were present and aided
the site’s positive identification as I7 L. flunley.
After positive identification, the next project
objeclive was an assessment of the submarine’s
condition. The methodology and results of that
assessment are discussed in Chapter 9,



CHAPTER9

Site Analyses

Larry E. Murphy, Matthew A. Russell and Christopher F. Amer

As stated in Chapter 8, the site examined
during this assessment is unquestionably A.L.
Hunley, sought on two prior occasions by the
National Underwater and Marine Agency
(NUMA) (Cussler 1981; Browmng and Wcst
1984) before they located it May 5, 1995 (Hall
and Wilbanks 1995). This chapter presents
analytic results, considerations and miercnees
about 7I.L. Hunley based on archeological
evidence and laboratory testing. Several lines
of research were conducted to investigate the
Hunley site. Principal research domains, as
specified in the research design (Chapter 3),
included site-formation processcs, particulatly
regarding deposition, sediment context and
metallurgical attributes relevant to hull
corrosion and mechanical strength. After site
verilication, investigations were directed toward
providing information relevant to asscssing
vessel recovery potential. Various research
reports referenced in this chapter are included
as appendices.

&7

REMOTE SENSING

Further remote-scnsing data analysis has
produced some additional information to the
general results discussed in Chapter 6.
Magnetic and sub-bottom data are addressed to
augment the earlier presentation.

MAGNETOMETER

Figure 9.1 depicts Hunfey's position relative
to the magnetic anomaly recorded during the
predisturbance survey. The 20-gamma
(nanotesla) contour encompasses a 1,060-
square-meter area. The contours presented are
absolute gradient contours, produced by
subtracting one point from the next and plotiing
results at the position of the second point, which
produces absalute variation from ambient. The
configuration is commonly called a multiple-
component anomaly consisting ofa single 400-
gamma positive anomaly and two 200-gamma
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Figure 9.1, 20 gamma magnetic coniours over Hunley position.

negative anomalies 10-172 meters sontheast and
southwest of the positive point. Hunley,
basically a cylimder, would be cxpected o
produce a dipolar {single positive and negative
comporncnts) magneiic anomaly. The dual
negaitve aspecls of the anomaly indicates a
possibility there may be additional material
southwest of flunley’s bow. The possibility of
metallic lorpedo spar attached Lo the lower bow
18 discussed below,

During the assessment, Hunley’s hull top
was excavaled to ascertain overall hull lenggh,
and 1t was examined for torpedo spar-refated
leatures, No features were found. Repeated
metal detector surveys and an examination with
a hand-held cesium mapgnetometer gave no
Indications of additional wron featurcs forward
of the bow. The lower bow forward of the dive
plance was not excavated. If the hull is
recovered, an area forward and southwest ol the
lower bow for 6 meters away from the hull
bottom should be excavated during the recovery
to ensure there are 1o remains of a torpedo spar
mounted 1o or near the hull,

bt

SUB-BOTTOM PROFILER

Gieneral Sub-Botlom Record

A sub-bottoni profiler record is depicted in
Figure 9.2, with a data transect location nap 1o
Figure 9.3, These data and mterpretation were
provided by Scott Harris of the United States
Geological Survey (USGS) Coastal and Marine
Geology Program.

Sub-botiom profile data were collected
April 1965 gboard NOAA research ship Ferrel
as a part of the USGS South Carolina Coastal
Brosion Project. Four prominent geological
units are identifiable in the Hunley-Housatonic
study area: 1) early Tertiary {Foceie) sedimenls
al the base of the profile incised and infifled
by; 2} Oligocene Gulf Trough deposits; 3)
additional, generally flal-lying, Tertiary
deposits (Ohgocene to Plivcene), capped by; 4)
thin disconiinuous incised Quaternary
sedinicnts. Because there were no deep cores
taken 1n the area, Ilolocene and Pleistocenc
deposits can nol be reliably distimguished.
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Figure 9.2. Deep penetrating sub-bottom profile of nearby sediments.

However, core data available from north and
wesi of the study area indicate the Quaternary
deposits derive from both epochs.

Quaternary deposits along the west side of
the profile are correlated to channel materials
that backfilled the harbor entrance as it was
forced landward during the most recent
transgression as sea level rose lo ils present
level. Sea level approached the current level
about 6,000 years ago, with fluctuations of
about 1 2 meters recorded every 400-500 ycars
(Brooks et al. 1979; Colquhoun and Brooks
1986; Colquhoun et al. 1981). To the east, tidal
channel facies backfill Quaternary
paleoincisions, which is typical for former
barricr islands resting upon high sections of
Tertiary materials along this section of coast.
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Specific Sub-Bottom Record

A sub-bottom profiler data screen
downloaded from raw data collected on site is
shown in Figure 9.4, 1t is provided by Darren
Moss of EdgeTech, Milford, Massachusetts.
‘The first return on the image from the top 1s the
seabed. Although flat, the seabed appears to
be hilled, which was caused by variable
distances between the sensor and the seabed; it
does not represent changes in the seabed itself.
The survey vessel was first slowed while going
across the site area, which lowercd the sensor
making the seabed appear to rise. Vessel speed
was Increased causing the sensor to rise making
the scabed appear to deepen. The hard return
in the center screen represents returns from
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Figure 9.3, Lecp penetration sub-boltom transect.

Hunlev's hull, whose exact ortentation relulive
o the sensor’s path s unknown, This record
indhcates Hundey s buried about 1 meter heneath
the scabed, which was verified by the 1cst
excavation,

SEIE FORMATION PROCESSES

A prmeipal rescareh domain laid out in the
rescarch desipn (sce Chapter 3) was
tivestigation of natural site-formalion
processes. Cullural aspecels of the Hunley-
Howsaionic slie are concerned with how these
ships wore lost, and historical aceounts are
briefly reviewed for what they can itlluminate
about the archeological malerial. These wrecks
have generated muoch speculation, which wilt
only be resolved through documentary evidence
combined with  arclicological evidence and
mlercnces based upon both data sets. A
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particular question regarding H.1. Hunley, as il
15 with most shipwrcel sites, is cstablishing the
burtal/reburial sequence, which can be a primary
Laglorn artifact (in this case lull) preservation
and establishing archeological associations.

WRECK LVENT

Housaionic | oss

thstorical documents sugpest Hunfey
approached flousaronie from the starboard sidc
near the stera perpendicular to the vessel ul a
speed of perhaps 3 to 4 knols, The submarine
was spotled aboul 100 yards from the ship angd
was visible for aboul iwo minules during which
Housatonic’s engines were started and the
aunchor shipped.  One witness (Fleming)
reported spofling Lhe submarine 6§ feet offthe
starboard quarter immediately alter the
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Figure 9.4. Data screen of EdgeTech sub-bottom profiler over Hunley site.

explosion, another witness estimated 40 50 feet ~ Housatonic’s loss that the sy bmarine
away (Kloeppel 1987:85-87, 94). Housatonic approached at about 3 or 4 knots to within 2 or
listed to port and sank within five minutes with 3 feet of the hull just forward of the mizzenmast,

five casualties. There has been no explanation set its charge, and backed off 40 to 50 fcet before
offered to account for the port list from a expleding the torpedo (Hligginson, Crosby and
starboard hull breach. Pickering tostimony in Kloeppel 1987:86-87).
Acting Master John K. Crosby, officer of the

Historical Blast Description deck during the attack, observed: the “explosion
started me off my fect, as if the ship had struck

Eycwitnesses aboard IHousatonic recorded hard on the bottom, . . . 1 saw no column of
their obscrvations of the hlast set by Hunley. water thrown up, no smoke and no flame. There
Their descriptions support Hunley's torpedo was no sharp report, but it sounded like a
exploding wcll below the sloop-of-war’s collision with another vessel” (Kioeppel
walerline after the submarine made contaci with 1987:80). Lack of a water column indicates

the hull and retreated. At least three witncsses the charge was placed well below the hull and
agreed during the Naval Court of Inquiry into not on the vertical hull side.
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Housatoric Damage Assessment

Captain Joseph I, Green, who examined ihe
wreek on February 20,1864, three days aller the
blast, reporied the “spar deck 15 feet below the
surface of the water. The afier part of her spar
deck appears 1o be completely blown off™
(Klocppel 1987:92). A diver investigated the
wreek mnc mostths later and observed:

The propeldler 1s 1 an upright position,
ihe shafl appears 1o be broken The
rudder post and redder have been parily
blown off; the upper parts of boih are 11
their proper places, while the tower parts
have been forced aft [Kloeppel
(987:92],

Hunlgy Loss

fluntes”s loss has been o mysiery, and much
of the mysiery wall remain until completion of
detatled laboratory hull cxammination. One of
the most compelling questions requuring dircet
hull exanination is whether the submarine sank
as a result of the explosion or sonmic other sel of
crrcumstances. s clem Hunfey did not siuk
mumediately, historical sources repori that blue
lights, Hunley's signal to s shore support, were
scen by HHowusatonie crew members and those
on shore {Kloeppel 1987:94--95),

fiiher sroall arms fire or blast damage, or
the combination, could have compromised
Hidey's hull Intcgnty, [ small aims fire
penctraied the shell plate, it likely would have
been visible on the hull top, the mosi volnerable,
and he most examined, hull section
was found. Al hadl-top deadhiphis appeared

S none

miacl, although some glass appears 1o have
cracks, which penctrate s entire thickness. The
only hull damage observed was (0 the forward
hatch coaming {conning tower) where we
483UMC & glass virawpord similar (o the ones on
the port side coanuugs would have been.
Wilbanks (personal conununication 19965,
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amiong others, has suggested the forward porl
was damapcd by small arms fire duving the
attack, which [its the matenal evidence. This
port would have been the most hkely tarpet

it was the lughest object above the water and
the most visible, particularly 11 there was a light
aboard the submarine. Apparently 11 was
standard procedure (o operate Hunfey wilh a
candle IH 1o moniior oxygen level and ithuminale
the compass, sleering wheel and diving lever,
Fallure 1o have a candle lit was considered
contnbitory to an carher Hundey crew loss.
Flouswtonic crew mernbers reported seecig a
hiphi “as af though throuph a deadhighi”
(Kloeppel 1987:46 47, 72). Btlast damage
potential 8 addressed m detail below,

Explosion Analysis

thistorical accounts mdicaie Hunley careied
a copper torpedo contaming 90 pounds ol hlack
powder on & bow-mounied 22-{ool poe boony,
A socketl held the iorpedo on the boom
{Alexander 1902 m Kloeppel 1987:88),

Black powder s classed as a dellagrating
or “low™ cxplosive in commercial blasting and
as a propellant by the nulitary.  Unlike high
explosives, black powder does not have (rue
delonaling velocity. In confiued spaces, black
pewder has a volocily of 560 to 2,000 leet per
second. In comparison, dynamite, a high
explosive, has a veloeily betwaeen 4,000 23,000

feet per second (Blasiers’ Haudhook
1967:26,77).
World War Il prompicd cxiensive

underwaler explosion analysis. Knowledge and
formulas about underwater explosions produced
by this anulysis arc useful to understanding whai
nuy bave sunk funley,

For explosions, waler 1§ treated as an
wcompressible medium that spreads an
cxplosive-generated shock wave an all
dreciions, and there 15 a direel relationshp
between explosive size and distance wd shoclc
wave milensiy. A formula characterizing ths



relationship is P=W'%/R, where P 1s peak
pressure in pounds-per-square inch (psi), W is
explosive weight relative to TNT in pounds,
and R distance in feet from the cxplosion (Cole
1948:122). To calculate the formula, black
powder effectiveness relative to TNT must be
cstablished. One relative effectiveness standard
relatcs to breaching charges, and black powder
has an effectivencss of .35 of an equivalent
amount of TNT for this measure (NOAA
1990:8-32).

Torpedo blast pressures on Hunley’s hull
can be estimated with this equation. Threc
distances arc particularly relevant; 20 feet
represents the spar distance, 50 feet was the
distance Hunley reportedly refreated prior to the
explosion, and 200 feet, the distance Hunley
was to have towed the torpedo in its original
deployment (see Chapter 4). At20 feet, Hunley

Blast Pressure; 80 tbs Black Powder
(49.5 Ibs TNT equivalent}
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Figure 9.5, Blast pressure.

reccived a shock wave of 2,383 psi; at 50 feet
953 psl and at 200 [eet 238 psi. Figue 9.5
presenls blast pressures Hunfey would have
received al various distances.

To put these pressures in perspeclive, an
unprolecied person would be injured by a blast
pressure wave exceeding 70 psi (NOAA
1990:8-31). It is clear that Hunley's crew
survived the blast beeause they deployed their
blue signal lights. The question is, could the
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hlast have caused hull damage parlially
responsible for Hunley’s loss?

In 1852, a law was passed sctting maximum
allowable working pressure for any boiler at
110 psi, and each boiler had to be tested yeuarly
at 1% times its working pressure (Burke
1972:110), which would be 165 psi. Some
stcamboats operated with highcr boiler
pressures, for cxample the USS Cairo had five
36-inch by 24-fect-long boilers capable of 140
psi operation (McGrath and Ashley nd:34).
Higher pressures, 125-150 psi, were widely
employed mid-century (Hunter 1949:131).
Consequently, high-pressure boilers capable of
operating at 150 psi, would have been expected
to withstand pressures equivalent to the 1%-
times-working-pressure test or 225 psi. This
latter pressure, although illegal but perhaps in
common mid-century use, can be considered
the upper pressures an intact boiler would be
generally capable of routincly withstanding,
although their burst pressure would be much
greater. Based on blast pressure calculations,
Hunley would have received pressures in excess
of rated test pressurcs far the boiler compaosing
the central hull portion to at lcast 200 feet from
the torpedo blast.

Hunley’s central boiler hull portion was
meost likely the strongest part of the hull. Plate
seams riveted to form the bow and stern tapers
and those of the cast-iron bow and stern ends
were probably weaker than the boiler, which
was made and surely tested as a pressure vessel.
Although not conclusive, Ifunley was likely
close enough to the torpedo blast to part some
seams, causing a {eak that could not be
overcome by the pumps. The forward hatch
coaming damage may have been the final factor
in Hunley's sinking. The question of the blue
lights remains. Hunley's crew had to open the
hatch ta show the blue lights, why would they
have rescaled the hatches if the vessel was
leaking or damaged in any way?

Escape and evasion of the Union pairol
boats by the crew is unlikely, but definitive



evidence 18 only to be found 1n the submarine’s
micrior, Potential for preservation of skeletal
remains in flunley is high, Skeleial materials,
though rare, have been located on shipwreels
w many enviomnenis, cluding warim, shallow
scas (Carrell 1997:198-199). For example,
human renmains were recovered from La Salle’s
La Belle, lost ofT the Texas coust in 1086
{Arnold 1997:228), lrom the 1733 Spunish plate
(leet vessel San Jose lost in the Florida Keys
(Peterson 1972), and [rom thousand-ycar-old
sites i the Mediterrancan ofT e French coast,
where bone preservation may have been
enhanced by phosphate deposition (Arnoud et
al. 1980). There is some evidence that ron
confribuics lo bone preservation. Bones located
within the buried Gold Rush storeship Niantic
m San Francisco were lound to be highly
muincralized and well preserved, which was
attributed to the relatively high iron
conecentralion from nemby ship's fasteners
(Smith 1981:184),

This blast analysis has implications
pertinent (o recovery operations. I may be
likely that Hunley’s hull scams vepresent
sipnificant lines of weakness because of both
hast damage and differcntial corrosion, which
is discussed below. Hull seams were an
important agpect of the archeological hull
mvestigation.  Ouly one vertical scum was
clearly identified on the huil portion cxposed
during test excavation; corrosion producis
obscured all others, Should the hull be
recavered, evidence clearly mdicaics that il must
he completely securcd prioc o any lifting
attempls or the hull could be damaged and
archeologicul evidence of Hunley’s sinking be
losl.

Full Location and Position

Hinley was located about 1,000 {ecl easi,
scaward, of Housatonic’s remains, Hull axis
wis 297" 117° bow lo shove suntlar to the
Housaronic's mooring orieniation,  This
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position may represent the fnal surface
oricnlation. The vessel, fAilled with water would
have been about 1} tons doadwetghl, represents
a substantial object, Howoever, depending on
low fast the vessel filled with wuler, there
would have been al least some time pariial
buoyancy would have allowed curvent or wives
io alter the hul! orientation as it sank. Judging
front the hull position, the starboard dive plane
supported the hull al least as it came to rest.
There was no damage observed ot the port dive
planc; the plane appears 1o be perpendicular to
the hull, This indicates the hull probably setiled
sufficiently soon afler sinking o prevent
transverse rocking thatl could have bent the port
dive plane. Tunley’s location seaward of
Housatonicis likely the resul ol idal influence
during the vessel’s sinking.

BURIAL SEQUENCLE

Burial sequence data were sought
mltiple lines of evidence because i (s
nnportant o nterpretimg hull corrosion data
relevant to hull strength. Single exposiure would
indicate Hunley shell plate metab voghit be betier
preserved bencath the encrustation. Repeated
holl exposures could indicate ¢ more advanced
state of deterioration, making hull recovery
dilficull or mmpractical. Tividence collecied
periinent 1o hull  burial sequence includes
visual examination of huoll encrustation
characteristics, hislorical evidence, modern
evidence from examination of comparable
structures, brologieal indicators, sedimentary
analysis and sediment-hound radioisotopes
measurenent.

Historical Evidence

Historical documentation pertinent io
establishing a burial scguence begins soon afier
the  Hluniey-Housaronic  engagement.
HAousatonic was mvesligated i detart n
November 1864, In the nine months since



sinking, the vessel hull “settied in the sand about
5 feet.” A specific search was conducted for
the submarine at that time. Investigators
dragged “an area of 500 yards around the wreck,
finding nothing of the torpedo hoat” (T.ieutenant
Churchill in Official Navy Records, cited in
Kloeppel 1987:93). In 1872, the Army Corps
of Engineers contracted for work on both
wrecks: clearing Housatonic wreckage to 20
foet below mean low water and removal of
Hunley, but “the torpedo boat . . . could not be
found.” The ship’s hull still presented an
obstacle, and in 1909 an additional seven fcct
were removed, which primarily consisted of
blasting and removing the ship’s boilers
(Kloeppel 1987:93). Bascd on the November
1864 observation, Iousatonic initially substded
in Quter Charleston Harbor’s scabed at a rate
of about six inches a month.

Modern Evidence
Artificial Reefs

Subsidence rates for objects in the vicinity
of the Hunley-Housatonic site have not been
scientifically studicd. However, there are some
pertinent empirical observations from scientists
working with analogous stecl structures on the
seabed in the immediate vicinity. South
Carolina Department of Natural Resourccs
(DNR) rescarchers observed hundreds of
artificial rcef structures along the South
Carolina Coast, and they reported that burial of
these artificial reefs, for example, ten-foof long,
five-foot diameter steel structures, “is typically
gradual with complete burial of objects the size
of [Tunley taking well over 10 years” (Appendix
C).

Snag Reports
‘The hypothesis that Hunley rapidly subsided

into the seabed after sinking is supported by
hoth historical data and more recent snag
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reports. The present study arca is 1n an
extremely productive area for shrimp and,
consequently, has been intensely fished since
at Jcast the 1920s. Had Hunley been above the
sediments in recent times, at least since
intensive shrimping began, it would have likely
been repeatedly snagged. Careful visval
investigation af upper hull surfaces and hatches
revealed no cvidence that Hunley had ever been
snagged. The only hull damage observed was
on the forward hatch coaming, which we believe
is attributable to events occurring during the
Housatonic attack. South Carolina DNR,
Marine Resources personnel knew of no snags
recorded in the immediate Hunley-Housatonic
site area (Bell, personal communication, 1996,
Appendix C). Apparently, there has not been
sufficient material abovc the bottom on Hunley
ot Housatonic to snag fishing gear.

Biglogical Analysis

Riological indicators can be used to
establish a burial sequence for objects
introduced to the seabed. Well-documented
biological pioneering sequences arc available
for the Charleston Harbor area, and they can be
used to inform on Hunley’s burial history.
Examination of hundreds of steel structures,
some within a mile of Hunley, monitored by
biologists as a normal part of their artificial reef
program research evinces a typical pioncering
scquence on newly introduced ferrous objects
of: barnacles oceurring in a matler of months;
bryozoans, hydroids and algae nexl; and hard
corals occurring in 3 years,

Project principals requested assistance from
South Carolina DNR assistant director John
Miglarese for biologists experienced with
underwater pioneering organism succession to
conduct a biological assessment of Hunley's
hull. On May 21, DNR Marine Resource
biclogists Melvin Bell and Robert Martore, who
research artificial reef binlogy, conducted a
survey of the upper hull and hatches being



cxposed by excavators. Excavation was halled
durtng thenr dive to improve visibility, which
was vartably two [cet or less. At that point, the
hatehes, hull lop and port hull-side portions
were exposed. There was an arca forward of
the aft hateh exposed all the way 1o the keel,
which was excavated the day before their
exammation, The speciiie hull suyvey objective
was 1o mventory speetes for hall burial sequence
evidence, We wanted to have this biological
survey done carly dunng test cxeavation to
preserve evidence of orpanisius wilh fragile

fnches
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Fipgure 8.6, Star coral (Astrangia danae)
retoved (ot Hunley’s hull,

holdlasts, which might indicate recent hull
RXPOSIICS.

The ologists exammed all exposed hull
portions and colleeted five intact, comiplele star
coral colomes (Astrangia danae, Figure 9.0)
representative of obscrved corals, All corals
located were on the hull’s upper surlaces. Two
samples were from cach hatch and another (rom
the hull top alt the snorked box. These slow-
prowing slar corals, the most comimon it the
reaion, develop sn unbranched patches seldom
dsameter,
[aboratory cxpornnents have estabhished a 3+
6 polyps-por-year growth tate, Coral colony
size indicates confinual growth between 5 13
years lor [our colomes, with one 30-nullimeter

cxceeding 5 contihmeters in
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x iS-millimeter  colony  suggesting
approximately (0 20 years of uninterrupted
growih. Martove and Bell sindied these samples
1o determine whether they were sequential ot
contemporary. “Based on the discoloration,
sienttarily in sive, and degree of weanng ol the
coral colonics exanined, all appeared to be fron
approximately the same foulmg comnuiily,
sipeesting one perviod of time 1 which
signilicant bio-fouling took place” (Appendix
C).

The brologists ohserved only once other
organism attached o funley, small (5
centimeters) horse oysicrs (Ostrea equesiris),
a common sublidal, Tugh-saliniy oyster found
m local waters individually or in small numbers,
They located several specuunens, cach
represented by a single valve; no intact
orgaisns were observed, One representalive
oyster valve was removed for examination.
Measurements indicated these oysters were of
a size aliainable m 23 years” growth, which
supports the assertion of a single cxposuwre at
the time of Hundey's simking, Both these coral
and oysier species lake 2-3 years to cstablish a
viablo colony, Conscquently, their absence on
the lower hull portions suggests the lower hull
was buried before these organisms could
become established. More detailed Taboratory
analysis, should the hull be recovered, will
augment these ficld observations,

The biologists” overall conclusion was:

that after sinking, Lhe Hunley
subsided into the sundy ocean boltom
bul remained partially cxposcd lor
perhaps 10-15 years during which fime
a well-developed marine fouling
communily was established on any
exposed surfaces. Eventually the entire
vessel was buried and most likely
remained so until it was discovered last
year. All trace of encrusiing orgmmsms,
with the exception of the hard parts of
the corals and oysters, decomposed



over time (Bell letter to L. Murphy
5/30/1996, Appendix C).

Sediment Analysis

Several sampling methods were employed
during Hunley’s investigation. Hand cores were
taken closc to Hunley, a gravity box core was
attempted, two box corcs were collected and
bulk samples were recovered by hand from the
stratigraphy above the hull, The gravily box
core was unsuccessful; the sediments were so
hard that the core head and catcher were bent
during the sample collection attempt. All other
samples were hand coltected.

Hunley Stratigraphic Map,
Aft Hatch

10 em
13em

TIum

a6 em e

......' ... e @
s ®  seet 0 s,

*%,% %e 4 5 o *
$igm —
90 em

lno

FS025
| ] rso27 =
(N Fs029 &®] FS030

Soft Mud {FS032;

Figure 9,7, Stratigraphic prefile,

Stratigraphy

On May 27, Lynn Harris and Larry Murphy
mapped a stratigraphic profile (Figurc 9.7), and
hand collected six bulk-sediment samples,
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FS025 030 from distinct strata above the
starboard side (north) of the test trench, just aft
ofthe aft hatch. Sample collection methodology
involved facing the vertical north wall of the
test trench with a sharpened trowel, drawing a
stratigraphic map and retrieving a bulk sample
by cutting into each siratigraphic layer and
placing sediment into a labeled plastic bag that
was sealed underwater. Later, each sample was
split and repacked, one half to be used for poilen
analysis, the other for sedimentological
analysis. Offshore stratigraphic analysis has
been uscful to establishing the date and nature
of inundatcd prehistoric sites and shipwreck
depositions in high-encrgy cnvironments, for
example off the Florida coast (Murphy 1990).
Stratigraphic analysis has been common
shipwreck investigation for decades ({for
example: Gifford 1982; McKee 1973;
Muckelroy 1978:163--165,175-182). In
addition to the bulk samples, a hand-deployed
box core was constructed on site and used Lo
collect a large sample of the sediment (FS032)
immediately above Hunley’s hull for
radiometric dating purposes.

Visual cxamination of the sediment reveals
discrete strata, hard and compact, with no
indication of storm-lag sequences of a depth
sufficient to cxposc hull portions. Sedimentary
analysis was conducted by the University of
New Mexico Department of Earth and Planetary
Sciences. Sediments encasing the hull arc
predominately sand, with variable
concentrations of fines in the strata {Appendix
D). Remarkably, the strata above Ifunley and
below the mobile marine sands were sufficiently
compacted to allow vertical walls to be
maintained. During stratigraphic mapping, the
sirata immediately above Hunley were faced
with a trowel for mapping and samphing,
Discrete strata and maintenance ol vertical walls
indicates these sediments have not been recently
homogenized by storm activity and have
remained in place for a {ime sutficicnt to altow
initial lithification.



Sediment Daling

One analytic procedure important to
assessing Jlunley was dating sedimenis above
the hull. Ifthe sediments were of recent origin,
it indicates the hull could have been subjected
o episodic cxposures {o oxygenaled water,
which would increase corrosion rates.
Procedures for dating scdiments 1o determine
accumulation rates has been ofien used in
matine geology, bt it hus only recently been
applicd to archcological problems.

The core samipling design was to collect iwo
cores close lo the Hunley stic prior to any
disturbance. On May 5, Jim Spirek and Peter
Hitcheock collected twa hand-driven siainless
steel, plastic-lined cores (FS00Y, Core A aid
['5002, Core B). The procedure was to set a
huoy on the site coordinates and eollect these
two corgs upproximaicly 10 nclers away o
cusure e hull was not encountered. The core
represented an off sile sample of the surficial
sediments. An addidonal hand collected core,
called a box core (FS032, Core [}, was collected
containing sediments divectly above and in
contact with Hunfey’s keel, representing
sechments below 90 centineters (Figure 9.7).

Radiometrie dating lor these cores was
conchucied by mcasuring the amoun! of the
radtiowsotope *'*Ph (Lead 210} present, This
procedure was developed in the 1960s as o
means to establish a sedimeit chronology, In
most covitomnenis, the maxinun daling range
for the procedure is 100-150 yewrs. The
radiotsolope 7'"Ph is a member of the **Uraniuwm
decay series derived from *?Radon, which has
a hall-life of 3.8 days and decays in the
atmosphere.  *'"Pb, with a half-life of 22,26
years, 15 supplicd 1o bottom sediments primarily
by stream runolt, where it 1s capidly transported
to botlom sediments and remaing chemically
immobite {Mariin and Rice 1981:1- 3). These
characteristics provide a dating method thai “has
becosie the most important geochronometer for
sedimentary geologist/geochemists working
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with samples deposited i the last 100 years”
{(Culshiall et al. 1983:309). This scemed an doal
tool for ussessing Husley burial sequoiec.

Radiometnic analysis o the three cores was
douc by Willurd 8. Moore, Department of
Geological Seiences, Universily of Soulh
Carolina. All three cores were transported to
hig laboratory for analysis, and his report is
mcluded as Appendix [ Moore found the 2Ph
content of cores A and B (KS001 and FS002)
did not dimiish with depth, which indwcales
coarse well-mixed upper surlicial sediments,
which would be expecled with upper marine
sediments. These cores were separaied mto {ine
and coarse prais,
confained most of the cxeess 2°Ph uctivity in
Core A {FS001), consequenlly it was used for
comparison. Core 1 {f'5032), which was hand
collected directly above Hunley's hall, had
depleled lovels of #°I'b when conpared 1o the
fines of Core A, and like the others, these tevels
did not diminish with depth. The top 3
centimeters of the fines of Core A were used as
a baseline for calculating how long Core | had
been out of contact with swrficial sediments.
Had the sediments at the depth of Core 1 been
cquivalent 1o the upper level of Cores A and 13,
11 would indicate recent sediment nxing
through some sort of mechanical process, such
as wave activity or biotutbation,  [f the 21°P1
content was less, it would provide an mdicution
of ihe last time these scdimoents were
replenished with the radiosotope [rom surface
scediments, Core s 96 content indicaled il
had not been disturbed for about 100 years.
Moore summarized his findings: “l conclude
that the average age of 100 years lor material
in Core [ [FS032] 18 probably correct within a
20 year unceriamty.”

The rudiometric dating results are consistent
with the biological investigation conclustons,
Tenplications of tiis radiometric sediment dating
arc imporiant 1o consider when evaluating
resulis of the mm situ hull corrosion
measuremenis, funley is likely ina betler state

Fine pramms, ov muids,



of preservation than it would have been had it
been subjected to frequent exposures to moving
oxygenated water, which typically increases the
corrosion process. Instecad of assuming the
highest rate of delerioration of sound metal in
the shell plate, there is sufficient data to assume
a rate lower in the expected range of corrosion
rates for wrought iron.

Palynological Analysis

Typically, palynological analysis for
archeology is conducted for purposes of
environmental reconstruction to develop a
context for interpreting cultural materials.
Underwater, pollen density information can aid
assessment of depositional energy levcels.
Pollen deposited in high-energy aqualic
cnvironments rarely survives {Pearson et al.
1986:285-289). In Hunley's case, pollen
samples were collected primarily for
chronometric purpascs. Preliminary results of
the biclogical investigation werc supplied to the
palynologists so that the hypothesis of rapid,
single event burial of Hunley could be tested.
Spccifically, in addition to normal pollen
analysis procedures, palynologists were asked
to search for any histarical markers, such as
exotics or native speelics with established
introduction or climination dates. The
assumption was lhat presence or absence of
historical marker pollen in a particular
stratigraphic layer could potentially provide a
time¢ marker for stratum deposition or
disturbance. For example, presence of
Cusuarina {Australian pine), a twentieth-
cenfury exolic in the southeast, indicates a
stratum 1s of rceent origin, after 1900.
Palynologists examining Hunley samples were
requested to search for any historical pollen
markers indigenous to South Carohna. Onc
such potential marker for the study area is
American chestnut (Custanea dentate), which
was all but wiped oui by the chestnut blight in
19G4. This pollen would indicatc scdiments
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depesited prior to 1900. However, [urther
research concluded American chesinut
historical range was limited to western South
Carolina, no closer than 100 miles from shore,
which climinatcs this species as a historical
marker. Chestnut pollen would not likely be
present even in pre-1900 scdiments on the
Hunley-Housatonic site (Appendix F).

Paleo Research Laboratories of Denver,
Colorado, analyzed the six stratigraphic samples
collected from the excavation, and their report
is included as Appendix F. Palynologists
remaved pollen from the bulk field samples
through chemical extraction and flotation. Light
microscopy studics revealed preservation was
“excellent to fair.” A 201-grain sample was
uscd for each pollen count.

Analytical results included noting general
similarity of the six samples, with a
predominance of tree pollen. Arboreal types,
which are mostly wind blown, are expected to
be dominant in any sitc the distance Hunley is
offshore. Pine (Pinus) was most numerous,
followed by oak (Quercus) and grasses. There
were no potlen types uniquely identifiable that
could be used as a historical marker or
introduced cxotic. The pollen column alone was
found to be consistent with sediment deposition
at any time betwecn 1863 and present. The
researchers’ conclusions were: “There is
nothing in the pollen record that makes it
inconsistent with the curreni belicf that the
Hunley was buried within 20-25 years of 1863”
(Appendix F).

Summary

All evidence consistently indicates a
probable burial scquence initiated by an
exposure for an undetermined period, estimated
at 2025+ years, while the hull scttled in the
scahed sediments hecause of current scouring
and wave action. Lower hull parts appear 0
have subsided within 3 years. No evidence for
episodic cxposures was found.



ARTIFACYS

There were few artilacis found during the
Hunley test excavation, and therc 1s no
indication that these artifacis are diveetly related
to Hunley, but they could be related to the
Hunley fHousatonic site. Certainly associated
i terms of proximity, none can be attributed (o
a particular source. These materials, while not
fromt Hunley, could be from several origins,
cluding Housaionie, any ol'the many blockade
and other vessels anchoring in this area over
time, vessels passing through the main
Charleston Llarbor ship chamel close to the site,
or even from onshore sources transported by
sform waves as observed during hurricane
Hugo, which deposited shore-related debris
of(shore m simlar depths as the siudy area (see
Chapter 5). The one argumnent that can be made
for closer association 1s that all ariifacis were
found near Hunley’s hull bottony, perhiaps a
resull of contemporary deposition i a porl-side
seour i,

WOOD

A single picee of wood (FS004) was
discovered close to Hunley's port side dive
plane by Robert Neyland during the tesi
cxcavations, There were no straight surfaces
or lool marks, and the sarnple appeared sediment
abraded. Species wdentification, conducicd by
Paleo Resecarch Labs of Denver, Colorado, with
microscopic analysis of charred, tangential
sections, which showed spiral or helical
thickcmngs, indicated the wood was Douglas
Fu (Pseudotsuga menziesiiy {Appendix 1),
Daouglus [irts autive to the western Umited States
ranging from Canada to Mexico. These trees
do nol grow on the cast coast, consequently,
this wood did not cone from a local free, but
most likely arrived as a commercial product.
Douglas-ir wood, sometimes called Oregon
pne, 15 comnercially important, widely used
for ship hulls, masts and spars (Desmond
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1919:16). The wood is also widely used for
general construction, railroad ties, conlainers,
boxes and palleis (Panshtin and de Zeeuw
1980:4065, cited in Appendix FF). Like the other
artitacts, though not directly associated withs
Hunley, it could be related to the [funiey
Housaionic site, or ta any of the vessels passing
or anchoring in the vicinity. Tts location at the
port dive-plane level, may indicate the wood
was contemporancous with ffunley, perhaps
deposited in a scour put formed during hull
subsidence.

BONLE

A single bone (FSOGY), Figure 9.8, was
recovered May 23 during the test excavation
by Dve Coulin from divcetly bolow Husfey’s
alt hatch at the keel lovel. The bone was
submitted to paleontelogist Greg MeDonald
who reported the bone, most tikely cow (Bos

fiches

1FS007

Pipuwre 9.8, Bone (Bos sp.) trom ffunfey keel
aca.

sp.), lo be a portion of sternal cartilage that
connects ribs, probably from vicinity of ribs 6
to 9, 1o the sternum (Appendix G). The well-
preserved specimen was somewhal ossified,
denoting an older mdvidual,  Mosi original
sternal cartilage wus present, and 11 appeuared 1o
have been severed close to the ribs and sternwn
attuchments. Microscopic investigation ol the
parallel cut surfaces showed them to be very
smooth, indicating a saw rather than a blade cut,
No other butchery marks, secondary scraping
or cutting, gnaw marks or sedimentary abrasion
were observed,



This cartilage represents a butchered meat
portion from either a brisket or short-plate cut,
most likely cut with a fine-toothed bone saw,
which leaves a virtually smooth surface (Lyman
1977:67). Saws dominate in nineteenth century
or later butchering practices. While not a single
saw mark was found on eighteenth-century
bones, the nineteenth-century boncs were
alnost exclusively sawn at Fort Stanwix
National Monument {(Hanson and Hsu
1975:165). Similar observations occur on other
nineteenth-century sites, for example the Hoff
store site from Gold Rush San Francisco
{Hattori and Kosta 1990:85). However, there
is saw mark cvidence, although rarc, from
sevenleenth- and eighleenth-centlury sites
{Landon 1996:64).

The beef hone located on the Hunley-
Housatonic site probably represents fresh
produce, rather than ship stores. Salt pork, a
basic ships’ stores, was much more abundant
than packed beef, which apparently did not taste
as good nor keep as well as pork (Hattori and
Kosta 1990:87; Huelsbeck 1991:63).
Congruent with period butchery practices, this
bone represents a consumer-sized portion, with
usable meat of 4 to 5 pounds, rather than a
commercial butchery unit. In terms of stalus
desirability, this cul is socioeconomically low-
ranking, just above feet, head and shanks, or
about 7 on a scale of 1 to 10, with 1 being the
maost desirable (TLyman 1979:543; Huelsbeck
1991:67,70), or 4 on a scale of 1-5 (Rothschild
and Balkwill 1993:83). If from a vcsscl, 1t was
probably not officers’ fare. This bone could
have originated from any vessel utilizing the
anchorage or nearby sea lanes, or it could be
shore-based storm deposit.

COAL

Twao small coal picces {(FS006 and FS024)
were recovered from near the keel forward of
the aft hatch by 1dave Conlin on May 23 and
25. The two coal samples were analyzed by
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Curt White and Gino Irdi, physical scientists
with the US Department of Energy Federal
Encrgy Technology Center in Morgantown,
West Virginia; their report is included as
Appendix H.

The coal was subjected to standard
petrographic techniques including polishing and
microscopic analysis. Both coal samples
contained distinct vitrinite, inertinite and clay
mineral hands along bedding planes containing
little graphite. Vitrinite reflectance of FS006
(larger) was extremely high, 9.20% mean
maximum in oil; the second, FS024, was 4.90%.
The higher value places that coal in the meta-
anthracitc category; the second within the upper
anthracite range. White and Irdi noted that “New
England is the only place in the United Statcs
where meta-anthracite could have been mined
during the Civil War. No Confederate states’
coal is in the anthracite or meta-anthracite rank.”

Anthracite coal burns cleaner and motre
efficiently than the bituminous varicty common
in the South, but 1t is more difficult to ignite
and keep buming. Although ifs existencc was
known 1n North America as early as 1768
(Greeley 1974:475) and mined as early as 1806,
it was not used as a fucl until a grate invented
in 1814 allowcd centinuous burning.
Philadclphia produccd most anthracite coal in
the mid-ninctcenth century, with more than a
million tons being shippced by 1850 (Bauer
1988:120).

It is tempting to speculate that the coal 1s
from Hausatonic, and it could be. This vessel
carricd 220-235 tons of coal (Canney 1990:95).
In November 1864, ninc months after 1t sank,
Housatonic was reported to still have coal
heaped in the lower deck (Klocppel 1987:93).
However, other sources must be considered.
While anthracite coal was not mined 1n the
South, it was available and highly prnized for
use in blockade runners because it produces
little smoke when burned making thesc
clandestine vessels more difficult to see. Many
blockade-runner voyages began in Bermuda



where anthraciie coal was loaded (Scharf

1887:4060). The fHunley-Housatonic sile arca
just off the main Charleston Harbor ship channcl
was hieavily usced over a loug lime period by
passing and anchoring vessels and, like the bone
and wood specimens, the coal could have come
from masy sources, or even washed from shore.

HULY, ANALYSIS

Given the paucity of frst-hand lusloricul
records aboul Hunley, the material record is the
best source for accurate vessel informaiion, as
it is with most historical shipwrecks. Clearly,
information contained in the archeologicat
reeord will mebude much more than technical
details aboul Hunley’s construction and
appearance, The submarine’s remains may hold
clues to the events following Housatonic s 1oss
Febraary 17, 18064, and answer such basic
quesiions as: What caused Hunley to smk? Was
Housatonic’s lasi-minute defense at all
etlective? What actions did Hunley's crow take
W prevent thenr demise?  What items dud the
submaring’s crew bring on the altack voyape?
The vessel’s remains may also 1nform on
broader anthropological and historical questions
{lor cxample, sce Gould 1983), such as the
nature of Southern indusirial eapability, extent
of its innovation response 1o Northern industrial
supeniority, and the nature of nsk acceptance
in blockading situations; and issues such as
adaptive rveuse, heroism and perhaps
desperation. Clearly, H L. HHunrley as an
archeologicad site holds mweh more potential
tian augmentation and revision of a scant
historteal record,

LD, FEATURTES
Fhull Constrielion

One detail smportant for both corrosion
studics and deternumang it mtormation was

shell-plate thickuesses. Hunley's central hull
portion  was reporiedly constructed from a
wrought-iron botler to which was added
additional plates and cast-iron fealures, There
15 only one allusion to sheli plate thickness
rccorded historically, McClintock’s statement
that 5/8-inch thick plates were used wi Hunley's
construction, which may be referring to both
the central boiler portion and the stern and bow
cuds (Public Records Office, ADM 1/6236).
Alexander states the hull was composed of cast
ends affixed {o 4 boiler, which may have been,
as noted n Chapter 4 above, eiiher a slcamboal
or a railroad boiler. It was most likely a
steamboat botler, which was probably more
available 1n the port city of Mobile.

During the period of Flunley™s construction,
western river steamboats lrom 250 to 350 tons
in size carricd two to four boilers typically
ranging in size between 36 and 42-inches in
chameter. To make them much less an 36
tiches made them difficult to clean, while over
42 inches sacrificed streugth to size. Boiler
lengihs generally ranged between 24 30 feet
long (Hunter 1949156 157).

As discussed in Chapter 7, several acoustic
methods were atlerupied 1o nondestmetively
ascertain a hull-plate tluckness.  Locally
obtained samples of wrought und cast iron were
used to establish speed-of-sound paramelers for
these metals. Normally, acoustic thickness
ganges arc sel for sound speed in steel, bul the
mstruments iried on funiey could be adjusted
for the constituent metal being tested Lo produace
more acourale results than could be obiained
from cxirapolation from steel. During the
project, tince different acoustic insttuments
were tried 1o detect the thickness of solid shell-
plale metal, The best mstrument, a Cygnos
Ultrasound Thickness Gauge developed fo
penetrate hull fouling on modern vessels, was
unable to produce a reliable shell-plate
thickness reading during approximately 100
attempts along the hudl. Consequently, the only



way to obtain an accurate shell-plate thickness
requircs physical hull penetration, which was
not donc during the project.

The central hull was closely examined
during the excavation, corrosion studies and
hull-thickness testing for [eatures that might
indicate the original boiler source. The hull was
also examined for areas of weakness related to
original conslruction details or later revisions
such as vertical and horizontal scams, man
holecs, inspection ports, fittings or support
bracket locations, ete. Examination of the boiler
plates could reveal the manufacturer, if the
boiler were of recent manufacture - an 1852
federal law regulating boiler construction and
inspection required boiler plates to be stamped
with the manufacturer’s name (Burke
1972:110). If the plate manufacturer could be
identified, then the company’s capabilities could
be researched to aid deduction of hull-plate
thickness. Another ficld approach attempted
was to utilize historically documented rivet
patterns and seam coastruction details in
comparative analysis with Hunley’s features.
An estimate of boiler thickness might have been
generated by using contemporary botler design
formulas that specify rivet patterns and pitch
(distance apart) for specific plate thicknesses,
scam design and overlap (International
Correspondence Schools 1921a:34). The
approach was to determine Hunley’s rivet
paticrns and seam construction, and then use
the design formulas to solve for thickness.
Unfortunately, encrustation and corrosion
product obliterated all hull rivet evidence,
aflowing recognition of only a single transverse
(vertical) seam in the central hull portion (see
Figure 8.2). No additional features of the
original boiler form like hand holes, manholes,
bracket supporls, steam fittings, repairs or
yevisions were observed,

The two hatches, or conning towers in
current submarine nomenclature, contained
viewports only on the port side, which was
uncxpected from historical documentation.
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This may have been strategic; the starboard
would prescnt no hull penetrations vuinerable
to small arms [lire.

Several hull dcadlights appeared to be
cracked. Tmplications are that either these were
cracked by the torpedo blast during the attack,
or they cracked posi-depositionally, which
means the hull may have distorted since it was
sunk.

Keel

Keel ballast observations bring into question
historical information depicting the keel
constructed in three detachable scctions (for
example, as depicted in Alexandcr’s plans,
Figure 4.2). The stern keel-section we located,
even the incomplete length exposed during the
test excavation, appears too massive to be held
onto the hull bottom by a single bolt, as depicted
by Alexander. Cast-iron keel-ballast volume
calculation based on measurements (discussed
below) indicate the ballast should weigh 8,200
pounds or 4 tons, or aboul twice the estimate
provided by Lt. George Gift who saw Hunley
being shipped to Charleston (Turner 1995:5—
8). Assuming three keel sections, each would
wcigh more than 2,700 pounds ar 1 1/3 tons,
an improbable load to, according to Alexander,
be held by a single bolt and turned with a
wrench. Investigators of Hunley’s sccond crew
loss, which included ILL. Hunley, in the
Cooper River, noted the crew had apparently
attempted to drop the keel ballast, but they “did
not turn the keys quite far cnough” (Alexander
1902 quoted in Kloeppel 1987:44 and Perry
1965:101).

However, if a keel section were held by two
(or more) holts, then therc would be a problem
of jamming one bolt when releasing the other(s)
to jettison the hallast. Mechanical levering of
a long keel section with multiple bolts would
probably make dropping the keel impossible
unless carcfully coordinated, which would be
quite difficult in emergency situations: i.e., if



only the forward bolt were released, leverage
on the aft bolt mighi make it impossible to turn
it 1o drop the keel. Another piece in the puzzle
18 Chapman's December 1863 painting, which
shows multiple (ai least six) kecl-ballast
segments. Fulure work on the Flunley sile will
likely reveal details of the keel ballast
attachment system, which may incorporate a
more sophisticaied release mechanisny, if they
had a means to reliably drop it af all. a three
sinkings, the kecl ballast was not suceessfully
released.

Another issue not discussed in the historical
record, is whether Hunley could float upright
on the surface without the keet ballast attached.
Speculatively, if the crow dropped the ballast,
would the vessel come to the surface, thon invert
because of hateh and snorkel box weighi atop
the hult? I the entive keel were dropped, the
hull’s metacenter would be raised and could
cause the hull to roll, much like battleship and
crmser turrel weight inverts the hult upon
sinking i iniermediale water depth, as obscrved
on Monitor sunk off Cape Hatteras (Broadwater
1997) or Newato and Arkanseas sunk at Bikini
Atoll (Delgado et al. 1991). Another example
15 the German baltleship Bismarck, locaicd in
deep waler without its gravity turrets, which
apparently inverted, dropped s turrets and
righicd before settling on the scabed in 4,600
mclers water depth (Ballard 1990). 1f Hundey’s
hull would remain upright without the keel, it
ts evidence that precise hull bueyancy
characterisiic calenlation must have been made
by Hunley’s builders, and, even if conpirically
determined, indicates an unexpectedly high
level ol soplusticated engineering in ils design
arl construction,

Torpedo Delivery Syslem

There has been much speculation aboul
Hunley’s torpedo delivery system, including an
Internet discussion group,  Alexander records
the spur as being 22 feet long and the torpedo a
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copper vessel containig 90 pounds of explosive
with percussion and [riction primer (sec
Chapter 4, Alexander 1902). {fa trip line were
deployed, 1t could have been fired as the
submarine backed off a sufe distance. There is
no mention of any dovice that would allow
affixing the torpedo 1o the wooden hull and
backing ofl'to explode the charge, althoupgh one
must have been present.  One possible
alternative would have been to drop a weight
Lo sceure a positively buoyant torpedo bencath
the hull, much like conteinporary mines, and
back off before (lring wilh « trip lanyard. A
reel, likely a lanyard reel for firing a charge
regardless of 1ls deployment, can be seen
forward of the lorward hateh on Chapman’s
pamnting, Figure 4.1,

Considering historically recorded attack
detarls, it seems that a boliom-monnied spar,
or onc angled downward, 15 much more likely
than the straight, bow-mounted spar depicted
m the several conientporary images and models.
Certainly the Confedevates realived from
practical experience that the most cficctive
torpedo placement would be below a ship’s
waterline. At the time of Hunley’s attack,
Confederafes had experience with spar
torpedoes, includmg the near sinking ol New
Tronsides by David the yoar before Hunley's
altack. Although New fronsides was damaged,
it did not sink, most likely because the torpedo
explosion was not far enough below the
waterline (Hunler 1987:142).  Generat
Beaurepgard, conmtander of Charleston
Confederate {orees, had ordered Hlunfey not to
submerge, Undoubtedly, its crew knew about
the unsuccessful David attack and rigged the
torpedo so it was deployed below the ship’s
walerline for maximum effect.

Rigging a torpedo spar presented a ralher
complex engineering problem.  The torpedo
miust have been reirigvable from the lorwinrd
deck. In Alexander’s procedural account for
the six months training poriod priov to {funfey’s
attack, they “shiipped” the torpedo on Hunley



before leaving and unshipped it upon return
(Kloeppel 1987:52). The spar would have had
to handle the more than 100-pound combined
weight of the torpedo and charge out of the
water, although it could have easily been made
neutrally buoyant when submerged. I[f there was
a point of some kind fo embed in a ship’s hull,
the torpedo housing would have had to
withstand the inertial impact of a ten-ton object
going several knots when Hunley secured the
torpedo to hull timbers, The torpedo spar would
also have to be rigged to endure the same
impact. The torpedo socket that must have
arliculated with the spar had to allow a positive
release and be angled so as to contact the hull
perpendicularly. In addition, because Hunley s
attack was to the stern, the spar must have been
low, perhaps with double angles ta allow the
point to reach the keel in the compound curves
of the stern, implying that the torpedo depth
might have been adjustable because Hunley
clearly sought targets of opportunity. Ship lincs
of Housatonic, whose draft was 16.7 feet, show
the stern fairing to extend well forward of the
mizzen mast (Canney 1990:95). Chapman’s
painting (see Figure 4.1) contains two features,
perhaps spar related, on the bow. There is a
spar on the hull top and 4 downward angled
second spar apparently affixed to Hunley's
lower bow.

The brief archeclogical examination of
Hunley’s Tarward hull top during the excavation
revealed no features that could have been
attributed to attachments for torpedo-spar
rigging. Inall likelihood, the attachments would
have been on the lower bow, and conscquently,
future excavation of Zfunley's bow must be
conducted very carefully. There may be related
features to the southwestl of the bow as
suggested by the magnelic contours, discussed
above. Torpedo spar details should become
clear with full how excavation and laboratory
analysis.
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HULIL WEIGHT

H.L. Hunley’s hull weight, displaccment or
deadweight, is not historically recorded. This
is, however, critical information for planning
purposes should the decision be made to recover
the vessel. The following conjectural analysis
and the methodology used to develop an
estimated  hull weight, based upon
archeological documentation, 1s presented as a
starting point for ¢onsidering hull recovery
methodology.

Shell-plate thickness, a basic hull dimension
necessary for calculating hull weight, was not
documented during the test excavation because
acoustic testing was unsuccessful, and it could
not be derived nondestructively. Tn absence of
archeological information, we must rely upon
historical documents, and some speculation.
Unfortunately, availabie documents, like many
regarding Hunley, are not altogether clear, but
two shell-plate thicknesses bracket the range of
possibilities: 1/4-inch and 5/8-inch plate,
although the latter has been argued cxccssive
considering contemporary boiler-plate
thicknesses and cold-rolling technologies, The
boiler was variously reported as from a
steamship or locomotive (see Chapter 4).

James McClintock, one of Huniey's
builders, in post-war correspondence notes that
1/4-inch-thick bailer plate was used for his “first
boat” (Klocppel 1987:1). In all likelihood,
McClintock is referring to Pioneer in this
correspondence. The vessel displayed at
T.ouisiana State Museum, oncc thought to be
Pioneer, is constructed of 1/4-inch-thick iron
plate (Rich Wills, personal communicalion
1996), which indicates McClintock found 1/4-
inch plate acceptable for submarine
construction.

n McClintock’s 1872 letter ta British
Admiralty officers in Halifax writicn while
discussing defection (see Chapler 4), he



describes Flunley’s hull as being 5/8 inches thick
(Public Records Officc, ADM 1/6236).
Hisiorical Flunley descriptions indicate it was
butlt of a center portion cmploying a wrought-
on boiler with added wrought iron sheets at
both ends, and east-iron features, mcluding both
bow and stern segments and hatches. Iron boller
plates used for constructing funley’s cenlter,
boiler-partion of the hull must have cerlainly
been cold-rolled as were the added bow and
stern sheets thai faired the hull. Given
conteuiporary {echnology, 5/8-inch-thick plate
would have been much more difficult to cold
roll than 1/4-inch-thick platc (Henry Winters,
personal comnimiicaiion 1996}, While true that
1/4-meh plate would be easier o produce,
making 11 likely more available, the South
cortalnty ftad rolling mills capable of producing
cither thickuess, At the Civil War’s outset, the
Conlederacy had at Teast one mill (Tredgar fron
Works of Richmond, Virginia) capable of
rolling 2-inch plaie and at loast two more were
butlt during the war,  Although limited in
comparison with northern capabilitics, the
South had at Teast 82 rolling mills, 11 of which
were faivly lavge (Still 1969:10, 25, 34).
Desmond (1919:213) published a useful set
of weights for u square-foot of “hard-rolled”
cast- and wronght-iron plate thicknesses: 1/4-
inch-thick cast plate weighs 9.386 pounds and
wroughi 10.07 pounds; 5/8-inch-thick cast plate
weighs 23.466 pounds and wrought 25,1760
poeunds While acknowledging it is reasonable
to believe Hunley’s hull is Hd-inch thick, the
following hull-weight caleulations were made
asswming 5/8-nch thick wroughi-iron plaic to
ensure conservalive error [or any [uture hull-
(1 and support caleulations, For calculations
coueernng the cast-iron keel ballast, weight of
a l-ineh-thick castivon plale, 37.545 pounds
{from Desmond), was multiplicd by 12 1o
produce a weight of 450.5 pounds por cubic fect
lor cast ivon. Originally, caleulations were done
as 1l the hull were constructed of a single
rectangular prece of won plate 12.56 fect by 10
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feet (502.4 square feet), obtamed fron unrolling
a 4 foot diameter cylinder.  An additional
amount {originally estimated to be 20 per cent)
was added to the hull shell-plate arca to account
for hatchies, culwater, snorkel box, rivels, seam
overlap, propeller shalt and shroud, bulkheads,
intcrmal support and mechanisms, A refined
calculation by naval architect Henry Winters
using compuicr-generated hull lines based on
archeological evidence, less haiches and other
mechanisms, produced an area of 428.4 square
feel 1o which he added weight to account for
additional fealures lsted above, bringing the
estinmiated total Hunley hull area to 603 square
feel. A square-foot of 5/8-inch wrought-iron
plate weighs 25,176 pounds. The cstimated hull
welght 1ncluding additional features is
15,181.13 pounds, or 7.59 tons. [ull
displacement is generally given in long fons,
which are 2,240 pounds, which give a total of
677 long tons.

Hunley's casl-iron keel ballast measurcs
1.83 feet by 0.4 feet, and for purposces ol this
hull-weight calculation, its length was estimated
at 25 {eet, based on length of the hull’s centrad
cylindrical portion. For this hull-weight
caleculation, the ballast was assumed 1o be
rectangular in cross section, although
indicattons {(Alexander 1902 and on-site
observations) are that 1t was cast to (1l the hull
radiug contour. Estimated ballast volumeis 18.3
cubic feet, giving a weight of 8,244 pounds or
4.12 tons (3.68 long lons),

Total {funley hull weight is estimated o be,
assurning 5/8-inch-thick hull plaie, 11.71 tong
or 1045 long lons. HHowever, additional factors
must be considered for arviving ai un estimated
1t weight for planning purposcs.

Archeological mvestigations indicate the
hull is likely [itled with sediment. The only
hull breach allowing an intenor hull view was
on the forward hatch coaming {sce Figure 8.7).
Sand appeared Lo completely il the miterior at
least o this level, which is clearly above the
hulbiop. There could, of course be vouds created



by interior bulkheads, but for these calculations,
the assumption is that the hull is sediment filled.
This sediment would have to be included in any
lift calculations for recovery purposes. The
nternal hull volume was calculated as a 4 foot
damcter, 40-foot-long cylinder minus 20 per
cent for tapered ends, which gives an estimated
volume of 402 cubic feet. Wet sand weighs
abottt 80 pounds per cubic foot, which gives an
estimated intenor sediment weight of 32,160
pounds or 16.08 tons {14.35 long tons). Note:
this estimate does not take mnto account the
sediments encasing the propeller, shroud and
rudder, which should be lifted intact with the
hull to be excavated under laboratory conditions
(scc Chapter 10).

Hunley’s minimum weight, assuming 5/8-
inch-thick iron sheil plating and not consideting
stern-feature sediments, is approximately 27.79
tons (24.8 long tons). In addition to hull and
internal sediment weight, encrustation weight
must be considered. Encrustation weight can
be considerable; 2,544 kilograms (5,596
pounds) of encrustation were removed from 53
Xantho's engine during laboratory conservation
(McCarthy 1996:322). Because solid metaltic
hull weight, which has been reduced through
corrosion during the encrustation process, must
be cstimated, and the encrustation thickness,
which adds weight through sediment
incorporation, is unknown, an additional 20
percent is added to the metal hull weight
calculation. Conscquently, minimum Hunley
weight for lifi calculations should be: 14 tons
for hull and encrustation plus 16 tons for
sediment or 30 tons (26.7 long tons). This
weight combined with an allowance for stern
sediments should be considered the minimum
weight for planning purposes.

The following data provide some
information for speculating about actual hull
weight and giving a check on the assumptions
made in the course of these deliberations. For
the following calculations, it is assumed that
internal hll volumc and displacement are the

107

same. Hull-linc calculations give a hull volume
of 402 cubic feet, with another 18.3 cubic feet
for ballast. An additional 5 cubic fect
displacement allows for the hatches and air box
giving an estimated 425 cubic feet displacement
for Hunley’s hull. Thirty-five cubic feet of sea
water are equivalent to a long ton (Desmond
1919:28). Conscquently, hull displacement is
estimated to be 12.14 long tons, which gives
1.7 tons positive buoyancy based on the 10.45
long-ton deadweight estimate discussed above.
Considering an additional 1,000 pounds for
crow would make the hull 1.25 tons positively
buayant, which would require admitting about
43,75 cubic feet of water to attain neutral
buoyancy.,

As a tesl 1o ascortain how these assumptions
affect 1/4 to 5/8-inch platc thickness parameters,
similar calculations were done assuming 1/4-
inch-thick shell plate. If the hull weight is
calculated on 1/4-inch-thick plate, the total hull
weight is 6.83 long tons, which means the hull
would havc had 5.31 long tons of postlive
buoyancy requiring water accupying 185 cubic
feet, ornearly halfthe available internal space,
to bring the vessel to neutral buoyancy. Quarter-
inch-thick plate for Hunley’s construction
appears much too light, and thesc cstimates
scem to support a thicker hull construction; the
implications of which are also important to hull
strength and corrosion estimates. Consequently,
5/8-inch-thick hull plate appears to be supported
in these conjectural calculations. In all
probability, Hunley's hull is constructed of
various shell-plate thicknesses, a mix of casi-
iron features and wrought-iron plates, the largest
and most common may be 5/8 inch thick.

CORROSION STUDIES

Credible archeological inference must
account for factors that alter archeological
materials after they are deposited. Examining
the genesis of the archeological record and
controlling for post-depositional variability has



heen a concern for archeological interpretation
for nearly two decades,  Schiffer (1987:7,11),
one ol the primary theorists dealing with
archeological record variabihty, recopnized two
kinds of formation processes allocting the
archeologieal record: cullural, wheve the
transformational agent is human activily; and
natural, wherein the transformational apent is
the natural envivonment apart from human
mmpact. Muclkeloy (1978:160-175) conducied
the first systematie study of site formation
processes on shipwrecks when he oxamined the
environmental contexts of 20 wreeks in Great
Britam and developed a categorizaiion of
shipwreek transformational processes, which he
termed extracting filters and scrambling
devices. On underwater sifes, corroslon is o
major {ransformational procoss that variably
alters site proscrvation and appearance of
materials; iron 1s cspoelally susceplible,
Caorcosion can completely remove all butl the
famntest traces of some iron artitacts on relatively
recent wrecks, and preserve others of great
antiquity, such as the 2,200-year-old Kyrenia
wreck that contained sufficient megallic yron to
produce readings an metal deteciors and
magnetometers (Green el al. 1967),

Corrosion stedies arc not new Lo
archeological evaluations ol submierged metal-
hulled vesscls. Corrosion studies were
conducled oun the USS Tecumseh as carly us
1969, when researchers noted heavicr corrosion
of riveis relative to wrought iron plates (Baker
clal. 1969), In situ studies have been conducted
on USS Arizona {(Lenthan 1939) and USS
Monitor (Armold ¢t al. 1991) in the Uniled
States; and on S8 Xentho and Sirius 1a Anstralia
(McCarthy 1996).  The problem in the case of
Hunley is (o determine the state of preservation,
and by implication, strength of the metal
comprising the hull so ihat a recommendation
for future action regarding 1ts preservalion can
be made. This section presents the rastionale,
mclhodology and results of the Hunfey in situ
corrosion study.
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Water and Sediment Analysis

Environmenlal characterization is an
important first step for corrosion sindics,
Several water samples were collected on the
fHunley sitc for analysis. On May 23, Carl
Naylor used 60 cenitmeter syringes 1o collect
FS008 from close o ihe aft hatch and FS009
from mid-water above the site. Additional
samples, not attributed sample numbers, were
analyzed on site with a refractometer which
pave a salinity reading of 33 parts-per-thousund
(ppt) for both samples. Readings for on site
imeasurenment of pH was 7.5 and dissolved
oxygen 1.9 at the hull. FSO08 and FSO09 were
analyzed by John Jones of the South Carelina
Department of Naturat Resources Laboratory.
['S008 read 33 ppt salinity, hydrogen sulphide
{ILS) of 0.12 millipgrams/l and ammonia 0.2
miiligran’ns/l. IS009, the mid-water sample, was
33 ppt salinity, ILS 0.0 milligram/l and
ammonia 0,0 nallipram/]. Jones stated these
readings are lypieal for the arca,

On May 27, Lynn Harris and Larry Murphy
hand collecled six bulk-sediment samples,
FS025--030 from distinel strata above the
starboard stde (north) of the test trencly, just aft
of the aft hatch as described above (see Figure
.7).  Sedimeniary analysis of these samples,
conducted by the University of New Mexico
Depariment of Barth and Plansiary Sciences,
are presenied m Appendix D, Unfortunately,
110 on-siie pH measurements could be laken
because there was no submersible meter
availuble. Scdiment pl measurements of bull:
samples wre prosented in stratigraphic sequence
irt Table 9.1,

Iron Corrosion in Sca Waier

fron corrosion, f(undamentally an
clectrochemical process, is a remarkably
complex phenomenon that is preatly accclerated
in sea water. Estimates of iron corrosion rates
151 sca water are 10 tuoes laster than i air



Table 9.1. Stratigraphic pH of strata
above /{unley hull.

SAMTILE pH | AVERA GE |
SO 25A 7.55
B 753 | 7.5
FSO 26A 7.76 .
B 7.67 7.72
FSO 27A 7.77
B 7. 76 7.76
FSO 28A 7.27.
B—_ 7.31 7.29
[FS029A -. 7. 59
B 7.66 7.62_2—
FSO 30A N 7.54
B - 7‘3’% 7.53

(Hamilton 1976:8). Iron corrosion in sea water
is typically described in terms of galvanic cells,
wherein metals, or areas of the same object, with
a negativc potential relative to hydrogen, and
metals or arcas more positive than hydrogen
with a positive eleetrode potential, create an
electrochemical cell. When two metals, or areas
of the same metallic object, form an
electrochemical cell, current is produced and
the positive electrode, or anode, erodes, and the
more negative elecirode, the cathode, is
protected. This cell produces a voltage, called
corrosion potential, which indicates the
corrosion rate. The Hunley in water
measurements were conducted to measurc this
voliage as an indicator of which areas were
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actively corroding, their location and rate.
Factors, such as cxposure to flowing,
oxygenated water, salinity and tcmperature
affect corrosion rates, generally Increasing in a
direct relationship.

Both wrought and cast iron are typically
found in sea water encrusted with a layer of hard
concretion or encrustation, which was the case
with Hunley. This concretion can be much
harder than the partially corroded iron beneath,
During laboratory conservation, lhis iron
concretion is removed, and the supporting iron
is treated so as to stop further corrosion from
taking place. North (1976), who has
investigated concretion formation on shipwreck
iron, provides a brief description of the process.
When an iron object is introduced to most
marine environments, corallinc algaes,
silicaceous diatoms, foraminifer and bivalve
molluscs colonize it and lay down a layer of
calcium carbonate, This process continues layer
by layer, but corrosion can take place beneath
the concretion. Concretion may slow corrosion
rates, but clearly does not stop them, particularly
in anaerobic conditions where microbes may
speed carrosion (MacLeod 1989, 1990; Rodgers
1989).

Hunley In Situ Corrosion Studics

Description and Rationale

From initial project planning, wc believed
on sitc corrosion engineer participation to be
critical to the Hunley assessment to determine
its present statc and level of active corrosion
for planning futurc site management, whether
the option to rccover or preserve in situ is
chosen. Special funding for this aspect of the
site assessment was granted by the Naval
Historical Center and the South Carolina Hunley
Commission.



Project principals generated a scrics of
questions and data sets o be addressed during
on sile corrosion studics in order lo delermine
appropriate methodology:

1) Statc ol present hull corrasion levcls
and whether 10 s stablc or noi, Data
should contributc to the question of how
suuch hull metad remains, its corrosion
rate und projected deterioration rale.

2) Thickness of solid metal, imporlant
to inform on advisability of recovery
and determination of best meihod.
Structural integrity cannot be assessed
visually,  some  insfrumental
measuremenls are necessary. One
particular arca of concern is the upper
surface, which may have beon subjected
to exposurc/burial cvents and may be
less anodic than the burled porlions,

3) Loci of active eorrosion celis on
accessible arcas of hull,  Aclive
corrosion cell location and miensity
conpled with holl thickness data shoukd
idicate structurally weak hull arcas.
We should be able to rehably “map”
acltive conrosion of the hull, which will
be important Lo planning recovery.

4) Determination of relative polential
between different componenis, such as
whether rivets are anodic Lo shell plates.
Structural strength is dependent upen
integrity of nivets. Flectrical poiential
data can deteomine whether rivets we
corroding or plate 15 corroding; .o,
nvets are cathodic, they may still be
sound and be contributing to holl
strength and inlegnty,

5) These dala should he safficient 1o
suggest @ cathodie proiection plan
desipned o raninuye further corrasion
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and begin m situ conservation, which
may signmficantly reduce rvequired
conservation laboratory time. Tn silu
conservation could significanily reduce
conscrvailon costs, should the hull be
recovered.  Auslraliun nvestipations
report notable consolidation of metal
surfaces bencath encrustation m
expertments with m site congervation
through cathodic protection,

A specialist was sought with experience
direcily relovant lo wnnnnueg-umpact i situ
measurentents of historical vessels. Dan Polly,
a consulting corrosion engineer was located and
retained for Hunfey tull analysis. Polly had
developed nstrumentation capable of
measuring corrosion rates remoisly without
having to remove cucrusialion,

Objeciive

The primary ohjective was to evaluate
Hunley huoll corrosion to determine nature ane
exient of present aclive corrosion throuph i siiy
measurcments of clectropolential (Ep), curreni
(lux and gradicui, ptl, sound metal thickuess
and other variables of accessible shell plaics and
exiernal hull features. We also wanled to
examine galvanic interaction and elecirical
continuity between components such as hull
plales, plates and riveds and betwecen plales and
cast features like the hatch coamings. Tack of
clecirical continuity mplies a breach in hull
ieprity.

Instrumecntation

Direct measurement instroments and
remote-sensing mstruments were deployed.
Direct measurement instruments such as
balhycorrometers and most some thickness
gaupes require direat contact with hull metal
and do not operate reliably throngh encrastation.
Remote sensing mstrumenls are a new



imnovation in corrosion measurement
tcchnology and require no impact to
encrustation,

Polly provided patented instruments of his
own design. One, called a RISC wand, was
devcloped to measure the surface current
generated by corrosion potentials of iran
reinforcing rods encased in concrete and was
adapted to underwater use on this project. The
surface probe is a computer-connected, remote
sensing device that can detect whether active
corrosion 1s present without removing
encrustation. This device could determinc
whether featurcs such as rivets are anodic {o
hull  plates, as well as presence of
rmacro-corrosion cells. The second instrument
was developed to detect low level electrical
current in seawatcr. This instrument measures
currenl {lux, intensity and direction of
corrosion-generated (electrochentical) current.
It detects corrosion on a larger scale than the
other, such as between shell plates and between
wrought and cast iron. This instrument is also
connected to a surface computer. Together, the
two instruments provide data on surface current
flux, sca watcr voltage gradients, surface

potentials and polarization behavior. A
discussion of each measurement follows.
Surface current flux - Instrumentation

measures magnitude and polarity of
electrochemical current flow associated with
corrosion activity, Activity is measured dircetly
at the suriace without any elecirical connection.
The system indicales level of activity at the
sensor location, and whether activity is anodic
or cathodic. With a sufficient number of
readings, a cuirent flux contour map of the
structure can be oblained, which images the
surface 1o the resolution of the mapping grid
spacing.

Sea Water Current Flux /Voltage Gradient
- Instrumcntation displays recal-time
measurements of magnitude and three-
dimensional vector orientation of current flux
in water. High sensitivity (uA/cm?®) and

i1l

resolution (cm) allows 4-dimensional plots of
current flow magnitude and dircction for the
survey region.

Potential - Measuremenls provide an
indirect indication of relative anodic and
cathodie arcas. Dcependent on good electrical
conncction to measurement location. Readings
are a broad (not localized) measure of surface
potential compared to a reference electrode.

Potentiostatic - Instrumentation measurcs
polarization behavior and the degree of
glectrical continuity between structurc
components. Dependent on good electrical
contact with components. Method can establish
the possibility of galvanic effects and cathodic
protection criteria.

Methodology

Measurements requiring direct metal
contact were canceled because hull encrustalion
could not be penelrated with an air dnll and
masonry bit. Consequently, encrustation
thickness was not measured. However, one
piece of encrustation (FS010) was removed for
analysis from 1 foot forward of the forward port
corner of the snorkel box and 1 foot down the
hull. This sample was removed with a great deal
of effort with a hammer and chisel, and it
appeared to represent a cross section above tie
parcnt matcrial. Encrustation location was
scaled with DevClad 182, a pH-ncutral cpoxy
designed to prevent creation of a local active
corrosion cell (see Chapter 7).

Field measurements were conducted May
22 and 23, 1996. A field drawing of the exposed
hull was provided to the surface data recorders
io plot measurement locations received via diver
communications. Measurements were taken by
hand-holding the RISC wand sensor
approximately 1 1/2 inches above the hull with
cable connection oricnted perpendicutar to hull
and poinied to the starboard side. The diver
reported location of beginning, direction and
ending of each transcct and noted major features



such as large hull encrustations. Sensor distance
off lwll was maintained by the diver holding
sensor in his right hand and allowing sensor to
sit on inside of ring (inger as sensor was maoved
along hull. Diver attempicd to naitain constant
speed along cach transect, however, speed
necessarlly varied somewhat, PVC pipes were
placed at and 7 {eet forward of the afl hatch io
aid 1 positioning sample collection poinis
along the hull, These PVC pipes were plotted
on the site field map, and the diver reported cach
nne one was cncounlered, which assisted
surface recorders mn accurate positioning sample
readings,

i addition to the RISC wand device, point
measurcimoents were also taken along the hull,
For these measurcments the diver casned a
1 foot Jong section of PV pipe (o position cach
reading. The imstrument sensor base is
approximately 4 inches in diameter.  So,
assunnng the sensor detects gt the sensor md
point, and (he diver placed the -lool guide
against the cdge of the sensor, then sample
points were | foot 4 inches apart along the hall.
The diver reported each point reading, which
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was confirmed from the surface when the
recading was acguired.

[n Sitn and Laboratory Corrosion Study
Restlts

Complete resuils of in situ corrosion
measurements and laboratory anulysis wore
provided by Polly (Appendix 1), and the
following discussion 1s from that report,

Encrustation Analysis

The encrustation sanmple (FS010) was
analyzed with both a light optical microscope
{(LOM) and a scanning electron micrograph
(SEM). The sample was also subjected to
disperse X-ray spectroscopy with an clectron
micro-probe. Assuming the fragment represents
a complete eross section, it supports a low
corrosion rate. Metal loss caleulations were
made on a density comparison between the
ererustation and wrought iron, which reflects
0.56 millimeter metal loss “indicating relatively
dense corrosion products with approxintately 5
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to | product to metal loss ratio.” Physical
mvestigation of the hull supports the corrosion
product as a tough, strongly attached layer
resistant to mechanical impact and abrasion.

Elcctrochemical Measurements Reported by
Polly

Surface Cutrent Flux - Several transects,
with periodic recordings of surface current flux,
wcre made along the hull,

The {ransect designated HI1S is a
longitudinal transect proceeding from stern to
how, along the shell plate above the stern
concretion, on the starboard side following the
edge of the excavation at the excavation/hull
interface. Most points are along the conterling
of the hull top. Readings are plotted in Figure
9.9.

The transcct designated H2B is a
longitudinal transcet fram bow to stern on the
port side of the centerline, Readings are plotted
in Figure 9.10.

The transect designated H3S s a
longitudinal transect from stern to bow,
Readings are plotted in Figure 9.11.

The transect designated HV4 is directly aft
of the aft hatch, from 18 inches below the aft
hateh on the starboard side, up and over the hull
top and down along the port side of the hull to
the keel, Readings are plotted in Figure 9.12
for plan and elevation views.

Sea Water Current Flux and Voltage
Gradients - A number of transects were made
along the hull with the sensor positioned
approximatety 1 1/2 inches above the surface.
Subscquent to the dive, sensor malfunction was
observed. At what point in the dive this
oceurred 1s unknown, making all data suspect.

Potential - Potential readings were taken
concurrcatly with the surface flux transect
designaled HV4, Conncetion to the hull was
made by attachment, at a holc in the forward
hatch, of an epoxy coated C-clamp with a
pointed screw. All rcading were -0.62 volts
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relative to an Ag/AgCl/sea water reference
glectrode. The constant potential indicates there
was inadequate electrical connection through
the clamp, or isolation of the allachment point
from other areas of the hull. [However, scc
MacT.eod comments below.}

Polarization Behavior - Time consirainis
did not allow diver connections and equipment
configuration required for these tests.

Analysis

Dr. Tan MacLeod, Department o Matcrials
Conservation, Western Australian Maritime
Muscum, Fremantle, who has pioneered in situ
corrosion measurcments and conservation
procedures on historical vessels, reviewed
Polly’s report and commented to the authors
by email, and his comments are presented here
(all figurcs refer to Appendix I):

From thc current measurements 1t 1s
clear that there is a significant difference
in the corrosion environment of the
submarine on the port compared with
the starboard side. In figure 3 all but a
few reasurements on the starboard sidc
are anodic to those from the port sidc
which is consistent with there being a
general difference in the rate of
corrosion from one side of the vessel to
the other. This would indicate that the
starboard side is receiving a greater net
corrosive flux from the dissolved
oxygen in the sea water than is the port
side where most of the readings are
cathodic. The high cathodic current
pcak at about 35 feet from the bow
indicates that there 1s a sudden shifl in
the micro environment of the iron and
so this is consistent with a possible
electrical discontinuity at this point.
There may well be a break i the metal
near this point of measurement. This
localized cathodic point is also seen in
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figure 5 which is a measurc of the
corresion currenl as a function of
distance from the haw.

Although the data points on the scule
pla are reproduced in a very small font,
1t 1s clear that in the transect of the ult
haleh there is a change in poing across
the stle and downwards 10 the keel of a
difference m corrosion environment.
Not surprisingly for such a complex
struclure which is hall buried in the
sediments, there 1s a vast difference in
the access of dissolved oxygen (o the
corrodmg 1nterlaces and so there 1s a
difference in the local areas from being
dominated by the cathodic reduction of
dissolved oxygen and the anodic
axidation of the hull,

In his discussion on the onc E_
micaswreinent which was perfonned he
stated that the instrument was not
working properly becausce the voltape
wis -0.380 vs NHE (Normal Hydrogen
Elezirode, assuming thai the sca water
silver chloride reference had a calibraied
value of +0.240 volts), Now since the
concrction was largely composed of
magnetite, Fe,0,, it1s clear that the iron
has been corroding largely tn an
anaerobic environment and so the
cquihbrivin pH for hydrogen cvolution
al thal voliage 1s 0.4, which is spol on
[or a standard low conosion rate low
oxygen micro environment, The facl
that the vollage was the same may well
stmply be a rellection thal all the
nicasurcd points were in the same miero
cnvirowment.. I have found that even
across an iron clipper hull vessel such
as the City of Launcesion (1860) the k|
values may vary by as little as 20 mV
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up and down the 50 meters of the site,
for points al roughly the same watcer
profile and impact.

In the analysis of the concretion [ was
not surprised to find there was no
evidence of slag inclusions i the
conerelion as they are not mobilized in
the corrosion process but normally
remain close to the surface from which
they came. Although the slag inclusions
tend to help ensure uniform corrosion
of wrought iron in the air, in the mavine
environment the wrought fron 1s very
prone 1o zonal corrosion and corrosion
along the lines of the workmg of the
meial prior to il being placed on the
scabed, Ulrick and Fvans 1n the 19505
showed that in the heat of the fusion of
the iron during hot forging, it is the
copper and nickel oxide impuritics
which are reduced very rapidly in the
increased heat to the metallic state, The
necessary heat comes from lhe
compression of the gases during the
forging processes. Tt is these “noble”
melals which act as local celis for the
facile reduclion of dissolved oxypen und
so you end up with the zonal corrosion
of wrought iron which makes it look like
1t is apcd wood that has been degraded
in the desert.

The obscrvaiion that the corrosion rate
appearcd to be higher near the arcas
which had rccently been excavated is
nol surprising as [ have readily obscrved
significant clevations of cotrosion raie
by g factor of about four to s1x times 1n
the {irst few hours after accidental
remaval of the protective concretion
layer around wrought and cast iron
objects in a marine environment.



... The good points to note are that
from the lack of any major sudden
changes in the corrosion currents as you
moved from bow {o stern, there does not
appear to be any discontinuity which
tends to indicate that the submarine is
essentially functioning as one electrical
entity and so 18 largely intact, If it werc
not, the data would be all over the place.
There may be a problem area down near
the stern, as mentioned above,

In the absence of other data I can only
imagine (I have no date for the vessel
hecoming a wreck) that the vessel lies
in about 15-25 meters of water and 1t
has been corroding since about 1865 or
thereabouts. This means it has had
about 130 years of decay at a rate of
about (.03 millimeter/year which means
3.9mm loss of metal . . ..

SUMMARY AND CONCLUSIONS

Separate lines of evidence indicate H.L.
[1unley was buried soon after loss, most likely
within 25 years. Sedimentary evidence,
biological evidence and *'°Pb sediment dating
indicate the vessel has not been periodically
exposed 1o sea watcr through cpisodic burial
and reburial events. Exposure to sca watcr
typically increases, and sometimes doubles,
corrosion rates. Because [funley appears to
have been buried since initial deposition, it can
be assumed to be stronger than it would have
been if exposed, which indicates vessel recaovery
1s more feasible than it would be otherwisc. A
lower level ol predicted metal loss is acceptable
for hull sirength cvaluation.

Close examination of the entire exposcd hull
shows the hull is encrusted with a very tough,
strongly adhering layer resistant to mechanical
impact and abrasion. This layer may

significantly reducc hull corrosion rates.
Corrosion is taking place differentially
throughout the exposed hull, which 1s an
indication that sound metal is present io some
degree. This verifies subjective observations
of the investigators that no areas appeared weak,
and no obvious areas of differential erasion, thin
arcas or penctrations in the shell plates were
present. Overall, the hull and halches appear
solid, relatively sound and strong, the only
damage being the hole in the forward portion
of the forward hatch. At this level of
investigation, bascd on hull observations, the
hull appears likcly able to withstand recavery
and conservation. Because corrosion coninues,
Hunley will inevitably become so fragile to
obviatc recovery plans. Recovery is the desired
alternative to long-term preservation in place.

For recovery planning purposes, the hull
weight and interior scdiments should be
calculated on 5/8-inch thick shell plate, which
is minimally 30 tons, with additional weight
calculated for sediments encasing the propeller,
shroud, rudder and other stern featurcs. Eor
cngincering strength calculations, 1/4-inch plate
{63 millimeter) should be assumed, which
corrosion has reduced an cstimated minimum
of 3.9 millimeter. Shoring and support
considerations should be developed to
accommodate unexamined hull portions that
may be very thin or even breached. The hull
must bc supported so as not to distort during
the recovery and transport process.

Work in Ausftralia (MacLeod 1989,1992;
McCarthy 1988;1996} has convincingly
demonstrated the desirability of beginning n
situ conservation through placement of
sacrificial anodes on large submerged iron
objects. Should the decisions be made not to
recover Hunley, or the recovery be delayed,
considcration shonld be given to placing
sacrificial anodes on the hull fo arrest further
corrosion and begin the conscrvation process.



CHAPTER 10

Conclusions and Recommendations

Larry E. Murphy, Danicl J. Lenthan and Christopher I'. Amer

CONCLUSIONS

The site found May 1995, by National
Underwater and Marine Agency (NUMA)
personnel Ralph Wilbanks, Wes Hall and Harty
Pecorelli and reported to the Naval [listorical
Center is H.L. Hunfey. All data available to
project personncl including scientific
measurements, observations and tests so far
unequivocally support this datc as the initial
twentieth century site discovery,

The test excavation revealed H.L. Hunley
was cncased in stable sediments and undergoing
active corrosion, which suggests sound metal
exists in the hull. ITull thickness could not be
determined nondestructively during the projeet,

All indications are that A.L. Hunley is
currently at a high level of intcgrity and
preservation, and it retains sul{icient hull
strength 1o allow serious consideration of
recovery if appropriate controls and care arc
exercised in all future activities that involve
direct sitc impact.
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RECOMMENDATIONS

1. We recommend that the vessel we have
concluded is H.L. Hunley should he removed
from its present resting place in outer Charleston
Harbor and transported to a more controlled
envirenmenl for further study and conservation
treatment. Preservation in place is a preferred
alternative to excavation n  many
circumstances. This option oftcn includes the
use of sacrificial anodes for in situ cathodic
protection of large iron objects., However,
project investigators have concluded that I1.L.
Hunley is under potential threat in s current
location from unauthorized salvage, and it
would serve the long-term interests ol historic
preservation to undertake archeologically
controlled recovery operations,

2. Should complete hull recovery be
undertaken, funding for full conservation should
bc tn hand, and endowed funds should be
available to support curation funding in
perpetuity before initiation of recovery. Other



historic ship recoveries have suffered severcly
for lack of sutficient curation Tunds, cven when
sulTicient conservation funds were available 1o
care for the vessel upon initial recovery.

3. Acomplete secovery plan that includes
hull retrieval, immediate post-rccovery
stabmbization and conscrvation should be
developed. Development and implementation
of the rescarch design should involve
appropriale professionils in the lelds of
underwater archeology, marine sulvage,
mechameal engrocering, ocean engincering,
conservation and rmuseum exhibits. Principal
rceovery concerns ace archeological excavution
ol bow and stern exiremitics, internal sediment
and complete hull support in situ and during
removal and transport o the conservation
facthity. Stern fealures are likely extremely
frapile. The procedure of choice would be 1o
recover sediments encasing the stern features
inlaet Tor excavaiion wnder controlled laboratory
conditions.  The hull seems full of sedimenl,
which increases hull dead weight, Because of
the archeological sensitivity of hull contents,
ternal hull sediments must be excavaied under
laboratory condilions. Proper preparations must
be made o accommodale potential human
remains. A specific pratocol Tor handling,
analysis, treatment and possible military
reburial, should be in plice beloce inerior hull
cxeavalion,

4. A series of general request for proposals
(REPs) should be developed that outline the
parameiers [or: 1) geaeral on-sile archeolopy,
recovery, ransport ol the vessel remaing 1o
shore [acilitics and paosi-recavery archeology,
2} the laboralory excavation and conscrvation
ol the hull and associated sedimments and
contents, and 3) curgtion and exhibition ol the
remains, These REPs would preseat the project
objectives, mujor contract requirements,
schedules, personnel requirement criteria,
contraclor Qualifications and gencral provisions
1o be considered by potentinal conmractors, REIPs
should be published in the Federal Register 1o
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ensure access by potential contractors, The
R1Ps should be adomnistered through the Naval
Historteal Center and the South Caroling Hunley
Commussion.

5. ldeally, the hull should be recovered
intact and timmedialely moved 10 a dedicated
conservation [acility.  Transport of Hunley
should he o sale, seamless and rupid conveyance
from the seabed Lo a proper wel contalnment
shore lacility where it can be immediately
stabilized, scientifically investigated and
conserved so as fo ultmmately be available for
public cxhibition. The tasks ol archeological
ivestigation, scdiment containment, lift,
lransicr from the seabed to the transport vessel,
transport 1o shove and from Lransport vessel Lo
share Tacility should all be specilically
addressed mderail i any proposal.

Intact recovery can be accomphished in
several ways, A preforred method would be to
cacase the hull and surrounding sediments in o
tube, or clamshell Iift device desipned 1o
completely support and stabilize the entive hull
lenpth and stern features along with their
surronnding sediments. Any device would have
o support the hioll during transpost 1o shore and
during the laboratory excavation phase. ‘The
hull would have to be opened For miermal
excavatuon, and (he hull would have o be
completely supported al least until the
laboratory cxcavation phase was conmpleled and
the hwll transported 1o a conservation fank. {ull
cucrosion rales must be continuously monitored
from imtiat disturbance.  Temporary
clectrochemicul procedures, such as placement
of sacrificial anodes or impressed cureent, will
have Lo be done to stabitize the holl corrosion
riule should exposure 10 a highly oxygenaied
environment rapidly merease cocrostion. These
procedures may have 1o be conducted during
the excavation phase, and several conlingency
pluns should be in place and tested i the event
that primary stabilization procedures fail.

6. A complete conservation plan and faciiity
must be in place before recovery. The



conservation plan must include a detailed pian
for accessing and excavating hull sediments. A
less desirable alternative would be to move the
hull to a conirolled area to begin in-water
conservation before removal to a lahoratory
facility. Because iron typically corrodes at an
accelerated rate when removed from low-
oxygen scdiments, preventive conservalion
methods, such as cathodic protection through
placement of sacrificial anodes, should begin
immediately. [n addition, if this alternative is
chosen, three factors must be considered: storm
protection, securily and potential elTects
conservation procedures might have on
archeological materials contained in internal
sediments.
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7. Should Hunley be recovered, the
immediate area of the site should be
systematicaily surveyed and cxcavated to locate
any associated material culture remains. The
area hetween Hunley and Housatonic should
also be systematically surveyed and any
magnctic anomalics tested. Particular
consideration should be given (o the anomaly
located between the iwo vessels during the
predisturbance survey. Though not critical to
Hunley's recovery, it would be desirable to
archcologically investigaie the Housatonic site.
This step will provide the archeological context
for Hunley and augment with material evidence
what little is documented regarding the Hunley-
Housatonic engagement.
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DAYE

May 3, 1996
May 71, 1990
May 5, 1996
Muay '/, 1996
May &, 1990
May 9, [996
May 10, 1996
May 11, 19906
May 16, 1996
May 17, 1996
May 18, 1996
May 19, [996
May 20, 1996
May 21, [996
May 22, 1996
May 23, 1996
Muay 24, 1996
May 25, 1996
May 26, 1996

May 27, 1896

DIVE L.OG SUMMARY

TOTALDIVES

4

[

12

19

10

LG

]

24

17

I8

18

16

13

19

L6
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TOTAL MINUTES

12

54

32

14

784

200

644

100

971

645

749

756

739

728

672

)

686

142

ILUES

ERMY



DATE TOTAL DIVES TOTAL MINUTES

May 29, 1996 29 1,488
June 3, 1996 9 432
June 4, 1996 9 452
TOTALS 302 13,510

(225.16 hours)
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(03

004

005

006

007

008

009

010

011

013

014

Daie

57496

S5/4/96

522196

522196

Void

5123196

5/23/90

5/23/96

5/23/96

5123196

524190

5/24/96
5124796

5124196

HUNLEY FIELD SPECIMEN LOG

BDeseriplion

Sediment Core

Sediment Core

Sediment

Wouod

Vond

Coul

Beone

Seawiler

Seawater

Encrustation

Focrusiation

Coral

Coral

Dive marker

Reason Taken

Geologieal analysis

Geological analysis

Geotogical analysis

specles [D

Void

Source analysis

Speeices [

Chemical analysis

Chemical analysis

Corrosion study

Conservation

[sotopie analysis
[solopic analysis

Muscum display
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Digposition

Permanent transfer,
Willard Moore, LISC

Permanent transler,

Willurd Moore, USC
In storage, SCRUL Santa l'e

Permanent leansier, Palco
Rescarch

Void

Permuanent translor, Curt While,
DO

Temporary ransler,
Greg McDonald, NPS

Permanent transfer,
Bob Bundollah, SCDNR

Permanent trunsfet,
Bob Bandollah, SCHONR

A - permanent fransfer
Ton Leader, SCIAA;

B - permanent transier,
Dan Polly, USN

Permanent transfer SCIAA,
Columbia

In storage, SCRU, Sanla Fe
In storage, SCRU, Suantua L'e

Permanent transter, SCIAA,
Columbia



FS#
015
016
017
018
019
020

021

024

025

026

027

Date

5/25/56

51253196

5/25/96

5/25/96

5/25/96

5125196

5/25/96

5125196

5125196

5/25/96

527196

5127196

SI27/90

Description
Sediment
Scdiment
Sediment
Sediment
Sediment
Corual

Coral

Coral

Coral

Coal

Sediment

Scdiment

Sediment

Reason Taken
Geological analysis
Geological analysis
Geological analysis
Geological analysis
Geological analysis
Isotopic analysis

[sotopic analysis

[sotopic analysis

Isotopic analysis
Source analysis
Geological and

poilen analysis

Geological and
pollcn analysis

Geological and
pollen analysis
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Disposition

In storage, SCRU, Santa Fe
In storage, SCRU, Sanla Fe
in storage, SCRU, Santa Fe
In storage, SCRU, Santa Fe
In storage, SCRU, Santa Fe
In storage, SCRUJ, Santa I'e

Permanent transfer,
Willard Moore, USC

In storage, SCR1J, Santa I'e

Permancnt transfer,
Willard Moore, USC

Permanent transfer, Curt Whiic,
DOE

A - permanent. transfer,
John Husler, UNM;

B - permanent transier, Palco
Research

A - permanent transfer,
John Husler UNM

B - permanent transfer, Paleo
Research

A - permanent transfer,
John Husler, UNM

B - permancnt transfer, Paleo
Research



029

Dinie

5127196

51277796

5/27/96

5127796

ITI0

Degeription

Sediment

Sediment

Sednment

acrustation

Sedunent

Renson Talrenw

Geologicul und
pollen analysis

Cicological and
pollen analysis

Geological and
pollen analysis

Conscrvalion

Duling
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A - permanent Lransier,
John [Tusler UNM

13 - permanent transfer, Paleo
Rescarch

A - permanenl transier,
John Husler UUNW

B - permanct transfer, Paleo
Research

A - pcrmanent transfer,
John Tusler UNM

3 - permanent transfcr, Palco
Rescarch

SCIAA, Columbta

Permanent transter,
Willard Moore, USC
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South Carolina Department of

Natural Resources

Jaaes AL Tmmnerman, e, P,
[Mrecior
Paul A, Sanditer, [*h.)D,
Vepuly Lirecton fo
Wt Resanroes

May 30, 1996

Mr, Larry B, Murphy

Deputy Chicl, Submerged Cultural Resources Unit
Naltional Park Service

P.O. Box 728

Santa Fe, New Mexico 87504

Dear Larcry:

Buclosed 15 o briel report summarizing [indings from the exploratory dive Bob Martore and 1
made on the [L1.. [Tunley on the 21st of May.

Based on our hinuted examination ol the Hunley, with corlainty that at some point in Lime
sice 1’4 sinking at least the upper portions ol the vessel were exposed above the sand for a
period of al least 1010 15 years. This conclusion is based primarily on the presence ol well
developed colonies of Star Coral {Astrangia danae) found on both hutches and the upper surlace
of the hull itself, Further detailed analysis of the specimens 1aken could perhaps provide addi-
tional information it desired.

As Lmentioned o you carfier, we do have a permitted artificial reet located within a mile of
the [Hunley site. The reef is partially composed ol a large number of solid ten foot loag, lve loot
diameter steel structures which have been in the water for several years. During past moniloring,
drves on this reel we have been typically interested 1u the finfish populations associated with
these structires, but during Future dives ) would be more than happy to collect additional data
concerning bureal and bio-fouling il thal would be of sonic use to you. The burial rawe and en-
crustation by marine organisms associaled with these structures may not be much different (rom
that expericneed on the Hunley alter sinking 132 years ugo.

Our overatl conclusion i1s that after sinking, the Husley subsided into the sandy ocean
bottom bt remamed partially exposed {or perbaps 10 to 15 years during which time a well
developed inaring fouling communily was established on any exposed surfaces. Eventually the
entire vessel was buned and most-likely remained so unbl it was discovered lasl year. All trace

2 Box F2359 b Charleston, 5.0 20422-2559 b Telephone: R03-7495-0350
BOUAL OPPORTUNITY AGLENCY PRINTEIY ON RECYCLED PAPER
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of encrusting organisms, with the exception of the hard patts of the corals and oysters, decom-
posed over lime,

The relative consistency in overall appearance of the coral specimens found from different
parts of the vessel as well as a lack of evidence of any recent fouling would indicate one penod
of exposure in the distant past rather than multiple periods more recently. Additionat suppart for
the conciusion that the Hunley has remained buried since at least the mid-1900s is found in the
fact that its present location has been an extremely productive
arca fished by local shrimp fishermen for many years. It is almost certain that if the vesscl were
exposed to any degree it would have become a well-known obstruction (“hang”) and known to
the entire shrimping fleet.

If you have any questions regarding our observations or would like to discuss any points
further pleasc fecl free to give me a call any time.

Sincerely,

D I/

Meivin Bell
Manager,
Artificial Reef Program

ce: 1. Miglarese
D. Cupka
D. Whitak
R. Martore
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Initial findings of a bological survey of the
Conlederate subynarine LLL, HUNLEY

Robert M. Martore and Melvin Bell
South Carolina Department of Natural Resources

On May 21, 1996, a single dhive was made 1o the wreek of the HUNLEY. During the dive
visibility was extremely limited, 0-2 feet, and current was slight,. Only limied portons ol the
hull of the vessel were aceessible for examinaton, Although the entire top of the submarine was
exposed, only aboul 13-172 inches of the sides were accessihle for viewing,

During the dive, five colonics ol hard coral were extracted. All were taken from the (op
surface of the exposed vessel and each colony appearcd (o be ntact and complete. Two sumples
were taken [rom each hatch and one direetly from the hull alt of the snorkel stifftng box. All
live were identified as the Star Coral, Astrasgia dance.

Astrangio 18 nol a troe reel coral but s the most common stony cosat i this area. IUis a
small, slow growing coral whose colomies develop in unbranched patchies seldom excecding 5
e (2 ) in diameter. Growth rates in baboratory expertments have been reported as 3-06 polyps
per yedr. Measurements taken on
each colony are as follows:

Diameler Heipl Approx,
Sample # {num) {(nunj # Polyps Age
l 30 £5 60 10-20 yry
2 22 17 34 6-11 yrs
3 23 20 40 7-13 yrs
4 24 71 A0 Jo13 yrs
5 26 5 30 5-10 yrs

Based on the discoloration, sivmlurily 1 size, and degree ol wearing ol the coral colonies
examined, all appearcd W be from appeoximaiely the smne Touling community, suggesting one
pertod of tme o which significant bio-fouling ok place.  Bascd on the number of polyps
found on each colony and the average repocled growth rate, we cstimate that at least the upper
surlace ol the vessel was unburied and exposed to scawater [or a minimum of ten years and
probably longer. H should also be noted that i addition o the length of bme necded tor coral
colonies 10 grow io this size, additional thme may have clapsed due o the natural order of succes-
sion on nawly submerged struciures,

We have repeatedly obscrved the same peneral order of suceession on a variety of structunres
stk as artilicial reel habiat, Barnacles ave usually ithe fiest colomzers of newly subinerged
ohjects, coveriyg the structure within a matler of months. Encrasting organisms such as hryozo-
ans, hydrowls, certain algae and sponpes oceur next. Hard corals such as Astrangia and Oculing
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are generally last to colonize an object, often taking 3-4 ycars 1o cstablish a viable colony. We
have seldom observed coral colonics on an abject before a submergence time of 3 years.

The only other organism found attached to the HUNLEY was the horse oyster, Ostred
equestris. This is a common subtidal, high salinity oyster, small in size (5 cm), usually found in
small numbers as opposed to the Eastern oyster { Crassostrea virginica) which can form large
ovster reefs. Although several of these were observed, only one was removed. All observations
of this species were of a single valve only attached to the hull of the vessel. There were no
complete specimens. We believe that the sizes of the specimens observed (<5 cin) could have
been achicved in 2+3 vears time. Therefore, it appears that the coral species collected would be a
better indicator of the length of time the vessel was exposed. The presence of these oyslers docs,
however, support the notion thal at least a portion of the vessel remained unburicd for a signifi-
cant period of time.

In conclusion, based on the number of coral colonics observed and the sizes ol these colo-
nies, it is our estimatc that the upper portion of the submarine HUNI.EY remained unburicd for a
period of al least 10-15 years. From our examination of hundreds of artificial reef structures
along the SC coast, burial of such material is typically gradual with complete buri al of objects
the size of the HUNLEY taking well over ten years. It is likely that the top surfacc only remained
unburied for this length of time. The vessel probubly underwent gradual burial during this
period, but an examination of the entire hull would be necessary to confirm this. The corals
examined on this dive appear o be old (due to dark discoloration) and all approximately the
same age, suggesting one period of time of exposure, probably immediatcly after jnitial sinking,
prior to final burtal.

151



APPENDIX D

Sedimentary Analysis

153



£atl werghts are in grams

. Tan, Tisly & Doy . R .
P— M lind e ﬁ_l Hd ! {I,‘]li . JL):\II: O lay Saml 4 Sand Phaspropsint U Sanacy | S ey
Sample v e RN ay e . .. ot Yok
Wl Sunply oW W Wl WL Beakel WL WL Nanid Sl g iy
[ R LR 103 53 rrAves Ay b Feliy s U st e L5 4k D138 69,72 [EPay: Lia
i 5136 1A% M3 by | ruRers b 1EGY LRV Ladké o1iag 1335 1335 Lo
FRO A a1 B3 1 R 2001 FUIU06 | wo e L1k [FER 2024 fi. 130y LERIN Ty 3.7
i LENIE LRI 2% KRTATIVIFIFI B IR P O o6 4 1141 6141 [ERAY [T RN wh 3] ) 46
A 1T A Tadbn LA ) Fraz EN U LURIES s PR BN Boiny PRI 200 L.
B oz wh Ay 215 EE RN PR ORI E BOLbR GG R ) (LR ] wh 20T 1A
RIS RN aroad 114 e Il ya REVR TR RERTUM [KEE R 152 0,13y AR 2504 ALIE
¥ Qs 1853 LN RE SR 142 16 A i . 15uy FR I iy |
PR 20N Wi b 12k 54 AR R T T R B n83s Ll am 15 400 oy W3 L L3070 Iy
I Bt Isgt 1.8 T R T . 14B 6 (RN Vran by a0 (R L
[RRY (R T Ud e 11573 g SL33 MLBRa U] [ARRIE) I holivh L liv 73 I Ay
[} el [REN Oy Ml h EEN R FE TR wirag i) 13,44 f Ligy e [ LI
BLANK A RO el [FRR R
BLANK D MR Trhewnl iz
BLANK O RS R'TH ERIR N 4rd
AVEEAGL o iua
SAMPLI BEAKIR DRI TOTAE.
> il FPPIN Ay LT
WEIGI) WEIGILT WEIGH'L

S0 25 3927 H00.6 27319

S0 20 4541 2218

IS0 27 2314 §51.7 AR

FS0 28 3031 5048 2107

[:50 24 3608 048.2 257.4

ESG 30 3940 157.0 3630



R B P e e T ET B R
FS025 | 4096 19.62 1.81 1.67 1.62 252 | 385 7126 164 | 093
ES026 | 4049 1645 1.42 1.36 1.36 277 5lb 927 L77 | 085
FS027 41.27 447 0.62 0.67 0.54 217 1 939 18.16 35 | 103
FRO28 | 4076 2023 {46 1.44 1.4 1.4 182 N L4 | LIS
K502 41.34 14.21 0.75 .72 083 284 8.46 9.88 1.89 138
FS030 | 4008 134 1.65 161 1.62 5.12 807 6.33 L26 | 06

195




APPENDIX E
Report from Willard S. Moore

157



Age Determination of Sediment at the Hunley Site Usiag *'"Pb

Willard S, Maooie
Department of Geological Seiences
University of South Carolina
Columbia, SC 29208

Introdaction

The determination of accumulation rates in recenl marine sediments is a
fundamental problent in warine peolopy. In each enviromuent the method used nwst be
tailored 1o the factors known 1o inllucnce particle deposition and movement, When using
radionuclides, such factors as sediment mixing and dilution by coarse grained material
must be considered.

Profiles of *"Ph (hall lile = 22.3 yr) with depth in sediments have been used 1o
estiniate sedimeniation rates in a variely ol cnvironments. In an ideal system the actvity
(A) ol a radionuchide will decay with time (1) al a constant rate governed by the decay
coustant (A) of the radionuclide. Equation | expresses this relationship.

dA B
— - AA (h
it
The rate of sediment accumulation () may be expressed as the chanpe
of depth (2) of a sedivent particle with time. S has unils ol ci/yr.
" . ”r;/ , (fx'l
3-;_5{:, therefore ar- == and ‘S‘f’},f '
dr{ ..‘5‘ [

A0

[1'S is constant and the initial activity of the cadionuclide on the sediment is
constanl, we can solve this differential equation.

N

A, :ae [2] where

1 4 (;
A, ts the tmbial activity  (2) .
A, is the activity at depth =z

Converting (o natural logs we have  fnA -l -2 ¢ Phis is the equation ol a straight
line on a ln ~ lincar plol, '



/ intercept = Ao

slope =a/8

n Az /

A

For *'®Pb in nearshore sediments, we must also consider the activity focked inside
minerals thal does not change with time as it is constantly produced Irom ***Ra decay.
We corrected [or this supported activity by subtracting the *°Ra activity of the scdiment
from the total ?'Pb to yield excess *“Pb,

The following assumplions must be made when using the excess *'°Pb method:
(1) The inilial **°Pb activity (A,) is constant.
(2) S 1s constant.
(3) 'There is no scdiment mixing.
(4) There is no migration of *'“Pb within the sediments.
(5) Production of *'°Pb in the sediment is entirely due to ***Ra decay.

Several factors cause nearshore sediments to have excess 7' "Pb. Decay of **Rn to
210py in the atmosphere and subsequent fallout provides the primary source of excess
20p}, River-borne particles enter the coastal zane with !°Pb activities slightly above
equilibrium with respect to °Ra. and the desorption of ***Ra as these particlcs mix with
sall waler causes the cxcess of 2'“Pb activity to increase further. Olfshore watcrs may

deposit additional 2'°Ph. Decay of **Rn and its short-lived daughters in the water column
is a minor source of excess *'°Ph to the nearshore.

The removal of °Pb onto particles is largely a function of size and organic carbon
content. Fine, C-rich particles are the best scavengers; sand is a poor scavenger.

Methods
In May 1996 sediment corcs were recovered from near the Hunley site. Twa cores

(A & B) were collccted by divers who drove a stainless steel core barrel with plastic liner
into the surface sandy deposit adjacent to the Hunley site. Another core (I) was obtained
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from a mud deposit ubove (he Hunley that underlay the sand layer. This corc was
retrieved alter the surface sund layer had been remaved.

Cores A and B were cul into 3 cm sepments, packed into plastic petri dishes,
weighed, sealed with clectrical tape and measured for radionuclides on a planer
germaniam gamma ray spectrometer. Alter the counting period, the self absorption [actor
for #Pb was determined by placing a uraninite sample on top of ihe sample dish, Core |
was sectioned at T em intervals and treated 10 a similar manner.

The guma specira were analyzed using the program HYPERMIT and the peaks
were quantified using faclors oblained by counting NSTS standards in the same
peometry, Excess *'Pb was oblained by subtracting the "Ra activity from the total 2Pl
activily corrected for sell absorption.

After the samples from core A were counted, the sediment was dispersed in waier
and poured mto a 1 cm diameler plastic wbe and allowed o seltle. The sand sctled
rapidly and produced a layer al the boliom of the tube. After all of the sediment had
scltled, the boitom of the tube was [rozen and the sand layer was separated [rom the
remanung scdimeal. ‘These line (mud) and coarse (sand) [ractions were recounted in the
germanium detector o deterntine the fraction of the excess 2Pb actlivity contained in
fine grained sediment.

Based on counting statistics and the veproducibility of mcasuring standards and
duplicate sumples, the overall uncertamty for an individual measurcment is aboul 5%.
However, the error on the excess 2Pb activily may be considerably larger, This is
becausc cach of the individual errors must be propagated when the Ra activity is
subtracted from the total *"Pb activily. For example il the total 2°Ph activity is 4.0020.20
and the “*Ra is 3.0020.15, the excess 2P aclivity will be 1.00£0.25. As the excess
“9Pb activity decreases, the errar increases substantially,

Resalts and Discussion

The results are given in Table 1. Most ol the samples contained a slight excess
"19Ph aclivily; but, the activity did not diminish with depth as predicled by equation 2.
Theretore, these data cannot be used 1o determine sedunentation rates. Sedimenl mixing
and dilution with coarse grained matcrial probably causes the non ideal behavior,

The ceason lor separating the material in core A into fine and coarse fractions was

1o use the activity in the 1op of core A 10 estimate the nitial activity of ™'°Db in the line
grained mud [rown this sile. This should provide a bascline activity of initial excess *'*I’b
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in the material compriging core 1. A comparison of excess *!°Ph activity in the mud and
sand fractions of core A reveals that almost all of the activity is in the mud.

A comparison of the excess **°Pb activities in the {ine grained material from corc
A with activilies in core [ reveals that the mud deposit overlying the Hunley (core I) is
considerably depleted in excess *'’Pb with respect to fine grained surficial material (mud
[raction of core A). If we assume that the initial activity of cxcess *'°Pb is given by the
activity in the fine grained material in the top 3 cm of core A, we can calculate
InL how long the material in core I has been out of contact with the surface. In this
- __ﬁ case the age (t) is given by
A

!

(3)

Taking the initial excess Pb activity to be 12.8 dpm/gm, the ages of the fine
grained material in core A range from 9 to 44 years with little trend with depth. For core
I, ages range from 80-124 years with no trend with depth. The range of ages may reflcct
differences in initial excess *'°Pb activity or may be due to the considerable error
associated with the measurement of these low excess #°Pb activities. I conclude that the
average age of 100 vears for material in core I is probably correct within a 20 year
uncertainty.
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INTRODUCTION

The I1. L. Hinley was a Confederate submarine thal sank in February 1863 just cutside Charicston
[Tarbor, South Carolina. Six pollen sample were collected from a sediment column approximalely
85 centimeters deep that had accumulated atop the H. L. Hunley after its demise in 1863. Analysis
of these six samples should assist in identifying the nature of the sediments, particularly with respect
to timing of sedimentation. In addition to the six pollen samples, a single piece of wood recovered
from near the Hunley in a probable scour hole was submitted for identification.

METHODS
Pollen

A chemical extraction technique based on flotation is the standard preparation technique
used in this laboratory for the removal of the pollen from the large volume of sand, silt, and clay
with which they are mixed. This particular process was developed for extraction of pollen from
soils where preservation has been less than ideal and pollen density 18 low.,

Hydrochloric acid (10%) was used to remove calcium carbonates present in the soil, after which
the samples were screened through 150 micron mesh. The samples were rinsed until neutral by
adding watcr, letiing the samples stand for 2 hours, then pouring off the supernatant. A small
quantity of sedium hexametaphosphate was added to each sample once it reached neutrality, then
the beaker was again filled with water and allowed to stand for 2 hours. The samples were again
rinsed until neutral, filling the beakers only with water. This step was added to remove clay prior to
heavy liquid separation. At this time the samples are dried then pulverized. Zine bromide {density
2.1) was used for the flotation process. The samples were mixed with zine bromide and centrifuged
at 1500 rpm for 10 minutes to scparate organic from inorganic remains, The supernatant containing
pollen and organic remains is decanted and diluted. Zine bromide is again added fo the inorganic
fraction to repeat the separation process. After rinsing the pollen-rich organic fraction obtained by
this separation, all samples received a shorl (20 minute) treatment in hot hydrafluoric acid to remove
any remaining inorganic particles. The samples were then acetolated for 3 minutes to remove any
extraneous organic matier.

A light microscope was used to count the pollen to a total of 201 pollen grains at a magnilication
of 400-600x. Pollen preservation in these samples varied from excellent to fair. Comparative
reference malerial collected at the Intermountain Herbarinm at Utah State University and the
Universitly of Colorado Herbarium was uscd to identity the pollen to the family, genus, and species
level, where possible.

Pollen aggregates were recorded during identification of the pollen, Aggregates are clumps of
a single type of pollen, and may be interpreled lo represcnt pollen dispersal over short distances, or
the introduction of portions of the plant represented into an archacological setting. Aggregates
were inchided in the pollen counts as single grains, as is customary. The presence of aggregates is
noted by an *A” next to the pollen frequency on the pollen diagram. Indcterminate pollen includes
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poltlen graing that are Tolded, mutilaied, and otherwise distorted beyond recognition, These geamg
are included in the totul pollen count, as they ace part of the pollen record.

Waoud

A5 x 30 mm picee of wood was removed Irom single large sumple that was submitted. This
smiller picee of wood was dried, thea churred. The charced picce of wood was broken 1o expose
Iresh cross and tangential seetions and exanmined under a binoculay microscope al magnilications
up to 80x. The sample was wlentified usiop manuals (Cove e al. 1976; Panshin and Zecuw 1980},
and by comparison with modern elerences,

DESCUSSION

The Confederate submanne, £1. L. funley, sank in 1863 approximalely 6 nules outside Charlesion
[larbor, South Carolina. Corals growing on the hull of the submerged submarme sugpest that thrs
entirely ron vessel was exposed on the ocean (toor tor approximately 20-25 years belove heing
complelely covered by sediment {arry Murphy and Dave Conlin, personl communicalion,
September 16, 1996). Rapid bunal of the Hwdey (s possible cousidering the combined processes
ol ocean current scour, digplacewment of the ocean {loor sediments under the weight of the ron
vessel, and the simple accumulation of sediment from the overlying water column. Local lore has
(i that the Hundey was locaicd ducing the 1970s and was tofally exposed. No evidence supporting
this account wis found in the 1995 ficld scason.

Sediment recovered for the pollen column was located above the afthalel arca ol the starboaced
side of the {{nnley. The sediment column in this arca was approximately 85 cin thick and consisted
of several distinet layers of sand und mud. Pollen colunmn sample 030 was collected at a depth of
80-85 cim and represents the Jayer of sediment directly overlying the surface ol the subarine,
Samples 029 through 025 were recovered from layers within the sedimeat column at depths ranging
(rom O 10 60 cm (Table 3. The pollen spectva from ihese six simples were very similar 1o ene
another, Pinag pollen dominated the record, [ollowed by a moderate guantty of Quercus potlen
(Figure t, Table 2). Betula, Cupressaceae, and Pouccie pollen pencrally occurred in moderately
small quantives, and simall amounts ol Alnus, Carya, Liquidimbar, Low-spine Astericeae, Cheno-
ams, and Cyperaceae pollen generally occurred in all six sumples. Pollen types that were noted in
three or more ol the samples include small quantities of Praxious, Ostyo/Carpinus, Ubnus, High-
spme Asieraceac, lex, Vias, indewermnate, and unidentilicd pollen. Pollen types noted in less
than halt of the sanydes include small quantities of Acer, Corylus, Juslans, Plalanus, Salix, Apiaceac,
Ceanoihus, Celus, Liliaceae, Rosaceue (scabrate), Toxicodendron, and Typha angustilolia-lype.
Non-pollen forms idenlificd include dinottagelnes, {oraminifera, and monolete and tiilele spores.

No pollen types unigquely repeesentutive of introduced spectes or historic marker species, such
as Castancea, weredenlified in any of the six samples. Castanca dentata (Americin chestoul) was
systeratically adl bul wiped out subsequent to the introduction ol chestaut blight i 1904, 18 American
chestnul grew near the coast ol South Carolina before the turn of (he century, Castaaca pollen
should be represemed in pollen samples at the findey site that represent sediments pre-dating the
carty 1900s. Towever, the current range of Amertcan chestnut includes only the wesiern hall of the

166



statc of South Carolina, approximalely 100 miles from the coast. Since this range is similar to the
range reported for chestnut blight and, therefore, the histonic distribution of chestnut, Castaned
pollen would not be expected to be recovered from sediments associated with the Hunley, cven in
samples pre-dating the turn of the century. In the absence of an expected historic marker, this
polien column is consistent with current belief that the Hunley was buried a mere 2{-25 years after
its demise. However, the pollen column alone also is consistent with deposition of sediments at
any time between 1863 when the Hunley sank and present.

The pollen record is composcd primarily of pollen representing trees. Tree policn is released at
least 20 feet in the air, giving it a significant advantage over pollen representing herbaccous plants
that is releascd near ground level when traveling on the wind, The pollen of introduced plant
species, even oncs as prevalent as kudzu, would not be expected in any appreciable quantity al the
Hunley site. This is duc, in large past, to the {act that the introduced plant forms in the south are
insect-pollinated herbaceous plants that do not produce large quantities of pollen. Also, this pollen
is not readily ransported by the wind. Since wind transport of pollen is likely 4 major contributing
factor to the pollen deposition at the Hunley site, it is unlikely that polien from introduced plants
would be represented in sediments six miles from shore. Even pollen transported by river currents
is likely to be primarily tree pollen.

A single piece of wood was recovered from outside the hull of the ffunley in an area that may
have been a scour hole. This wood was identified as Pscudotsuga menzigsii (Table 3, Fignre 2),
representing use of Douglas-{ir wood. Douglas-fir wood can be positively identified by the presence
of spiral or helical thickenings in the tangential view. Douglas-fir is considered the most important
{imbor tree in western North America, with a range extending from Canada to Mexico. Trees from
coastal arcas in southern British Columbia and western Washington/Oregon are most abundant and
attain their largest size. Only the Sequoias of California are larger. Wood from Douglas-fir trees in
the coastal regions is [iner-grained, more uniformly textured, and lighter in color than wood {rom
trees in mountain and intermountain arcas. Douglas-fir trecs in mountainous areas arc smaller, and
the wood is solter and redder in color (Johnson 1973:83; Record 193411 44). Red wood has wider
rings, and is stronger and more refraclory under tools. Douglas-fir is sometimes sold as “red fir.”
Douglas-fir is used for general construction; planing-mill products (sush, doors, flooring, and general
mitlwork); railroad cars; boxes, crates, and pallets; containers for corrosive chemicals; silos and
tanks; ship and boa! building; insulating and other types of fiberboard; particle and hardboard;
poles, piling, mine timbers, and railroad ties (Panshin and Zeeuw 1980:463).

SUMMARY AND CONCLUSIONS

The pollen column samples produced a very homogeneous signal dominated by arboreal pollen
types. A signal such as this is expected at a site so far off-shore due o the effects of wind transport
on the pollen assemblage and the greater abundance of pollen produced by arboreal species. The
absence of Castanca (chestut) in the eastern half of the state of South Carolina eliminates this
polien type as a potentiaj historic marker. No other historic marker pollen type is expected from
this area. The pollen from introduced herbaccous plants is not expected from the Hunley site due,
in large part, to the distance off the coastline. There is nothing in the pollen record that makces it
inconsistent with the current belief that the IJunley was buried within 20-25 years of 1863.
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TABLL

!

PROVENIENCE DATA FOR SAMPLES FROM VIS 1 f. HENLEY

Sample Denth . ] . ol
a ) l Provenicnee/Desceriplhion Analysig
M. (i) conned
o Crnh gwmple Teom alt el inen on the -
025 o0 | R ' Polfen 201
slarbsoanrd side.
" — | Girab samplde Trany afl bateh ares oo the .
026 1-15 | " I : Pallen )
starbaard sidh:.
. . Cirab sampde ront al hateh suen on the
027 RO Pl st ollen 201
starboard s,
. S Ciraly stunple bron alt bedeh avea on the . .
0% | 2235 | e v ’ Pollen 201
starbowrd side.
L Cirndy sample from alc hateh e on (e -
{70 30-60 I A * ' Pallen 201
starbnard sidhe.
Grab sample from all huch area on the
030 RO-8> [ siachoard side. dircetly overlying the Pollen 201
surface of the submarne,
. Wood fronn probuble scour hwle outside the . .
0L o ' [ ¢ Waod 10 1
il

| 6l




A piece of Douglas-fir wood was discovered near the hull of the Zunley. Because Douglas-
fir is found only in the western United States, this wood was not abtained from a local tree. The
wood sample represents use of Douglas-fir as commercial timber.
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TABLLL2

POLLEN TYPLS OBSERVED IN SAMPLES FROM THLE f1LL. HHUNLEY

Seientific Namge

Clommon MNae

ARBORFAL POLTEN:

Acir Maple

Aling Alde

Hetula Hit‘;!"l. | -
Carya Hickory, Pocar
(_m_ylu\. [zl

Cupressaciac

Cypress iamily

Fraxinns

Juplans

b

Wallnut

Liquichunbar

Sweet gun

Ostrya/Crpinus

Llophornbeun/Elombeam

Pinug Pk
Plikanus Sycumors
Ouercn Ouk
Sulix Willow
Wlmus ) il

MNON ARBOREAL POLLEN:

Apiaecue

Asteracoans

Parsleyfearol fawily

[Low-spine

High-spine

Sunflower fanuly

[neludes cagweed, cocklebur, eic,

Includes aster, rabbitbhrush, snakeweed, sunflower, oie.

Cheno-ais

Ceanothos Buckbrush
Celuy Huckberry

Cyperuceae

Sedge family

Lex

liceae

[Toxlly

Lily family
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Scientific Name Common Name
NON-ARBOREAL POLLEN (continued):

Poaccae Grass family
Rosaccac Rose family
Toxicodendron Poisoti-ivy
Typha angustifolia Cattail

Vitig Grape
SPORES:

Monolete

Trilele
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TABLILE3
WOOD FROM THE ILL, I ITUNLEY

N Icleniilicadion
e o -
. Scientitic Name Comunon
Mo, escriplion
Nanwe
Waood from probable scour hole near
004 J

the hill.

Pueudolsuna nreasiesi

Douglag -fiv
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Frgure 2. Dseudotsuga mensiesii wood from near the hull of the #4.4. Huniey, 60x,
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United States Department of the Interior
NATIONAL PARK SERVICIE
Hagerni Fessil Beds Natoml Momped
221 Murlli Skue Sheel
M Lok 570
thgernin, Jditha §3332-0570

I EEELY BEFERTO,

October [, 1996

Dave Conlin

Submerged Cultural Resources Unit
National Park Service

Southwesl Region

2.0 Box /28

Santa be, New Moxico 8750405728
Dear Dave,

Finallyt A litile breathing time (o get canght up on obligations such as the “rib™. You'll nolice that I've
put rib i quotes since upon closer examination it is not really a rib but a portion of sternal cartilage that
conuccts the rib to the sternum. The specimen is somewlat ossificd sugpesting an older individual but
because of the porous nature of the cartilage and the Jack of any solid matecial no real cul marks are
visible, Muost of the original stermal castilage is peesent and il seems o have been cut very close o its
altachment to the semuny and the 1ib. The two cnts are roughly parallel and if 1 had o venture an
abscrvaliot would probably guess cul with a saw rather than hacked with a blade since the actual sucface
ol the bone is rather smooth, evea when viewed nnder naguilication. Given the size of 1he specimen |
think cow is a good guess. While T had aceess W cow ribs for comparison, the specinien did aot have the
sternal emtilage so actual placement jn the animal is not possible alithough Uwould say it cepreseats the
sternal cartilage somewhere in the neighborhood ol vibs 610 9 've enclosed coples ol some illustrations
with the cartilage highlighted 1o show how this fits into the overall animal,

Ive also enclosed a couple of illustralions of euts of ment. Given the probably positon in the rib cage
this would be purl of a brisket cut or possibly the short plate. As you will nete fron the enclosed ilustra-
uon from "Aninml Bone Archacology” page 14, both ol these are cheap culs of meat in (he late [9h
cenlnry,

[0 you would like me 1o pursue this further | can rerain the: speechmen wadil [ ean wake a trip 1o the ldaho
Muscum ol Natural Fistory. They will have a cow skeleton which may retain the steenal carilage and
would permit o (o be more specitic as to which rib this cartilage attached.  If you (eel that whal | bave
done is suthciens for your parposes, let me know and | will return the specimen.

Agam, my apologies for the overly lang lime it took Lo get this small wmownt of informaiion back (o Yol

Sincerely
A ey
g

Greg MeDonald
Puleontologist
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U. 8. Deparment of Energy
Federal Enerpgy Techinoloay Canter

May 8, 1997
My, Matt Russell
Avoheologilst
Submmerged Cultural Resources Unit
National Tark Service
Southwesit: Regilon
r. 0. Box Y28
Santa Fe, New Maxico 87504-072

Dear Me . Russell,

We have cxomined ithe coal from rhe ¢.C.4 Hunloy vhat you sent
using srandard petrographic techiniques. Two small (= 1 inch

drameter) chunks werce vaken (rom the first larger piece of theo

Huntey sample and one small chunk was vaken from the second

Frrviid Baandf 48imrd il rm;ﬁ‘\g

o

3310 Collin Fery Noar §26 Cochrans Mill Road
.0, Box 880 P.O. Box 106540
Mourgantowsy, YW 507 -Ouss Piftsburgh, PA 19336 D950 W ety Nudivead ineeyy

wid Enviresswetod Froblaiu

sample. The chunks were polished along Lhe coals’ boeddi ng plane

$0 that the various lensces ol macerals and minerals con Ld e
observoed.

The examination showed that both coal samples were of extrome
high rank and thal Lhere weve disl inet bands of vitrind L2,
inertinite, and clay mincrals along Lhe bedding planes . The
vitrinite reflactance of the firsi. coal was an cxtremealy high
2.20 % moan max Iin 0il. The second coal gave & vitrinitbe
retlectance of 4.90 % mean max in oil. The first value would
place the coal in the meta anthracice rank, while Lhe second
value 15 in the upper vange of anLhracite. Thore were only @
areas ol graphite in the samples: bue {his may bhe Due to the
that. we only cxamined a small amournl of Lhe original coals.

The guestion of the coals’ source can not be answoerod wiihb
absolute cortainty, but some oducai ed “guesses” can be made .

Ly

I en
=T

Since we know that the dunley was human- powered, L1t most likaly
did not carry any coal with 1e. The Mousdabonic {(the Union ship
thal. was sunk by the Aunley) was a privateer that was named (or

the Hougatonic area n New England, and probably carrvied coal [or
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heating and/or power purposes. The New BEngland area is the only
place in the United States where meta-anthracite could have been
mined during the Civil War. No Confederate states’ coal ls in the
anthracite or meat-anthracite rank. Therefore, the anthracite and
meta-anthracite coals that were recovered in the proximity of the
Hunley probably came from the Housatonic’s coal storage bunkers.

Thank you for scnding us this sample. We enjoyed working on it
and hope that the above information is useful to you. I you have
any questions concerning this, please call us. When you recover
any additional coal samplcs from this or other wrecks, we would
be plecased to work on them.

Sincerely,

(e, whis

Dr. Curt N. White, Physical Scientist
Mr. Gino Irdi., Physical Scientist
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APPENDIX 1

Corrosion Characterization of Confederate
Submarine H.L. Hunley
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Corrosion Characterization
of
Confederate Submarine 11 L. Hunley

I. Background

The National Park Service, requested participation ol corrosion consultants in the archeological
investigation of the Confederate submarine HL Hunley. Justifications, directed at the U. S.
Navat Historical Center and the South Carolina Hunley commission, were for two on site partici-
pants, one with direct experience asscssing historic hulls, and another with proprietary instru-
mentation for defection and quantification of corrosion activity. The services of the corrosion
cngincer with historic hull experience could not be secured. However, imc was contrihuted
toward physical measurements of corrosion characteristics through the use of non-intrusive
SEHSOTS.

Figure 1. LOM macrograph of encrustation cross section.

The intent was to use in situ measurements of clectrochemical activity to determine the nature of
general and localized corrosion.

An encrustation fragment (Figure 1) recovercd from the site was also examined.
I1. Instrumentation
Instrumentation, with modifications for this specific investigation, was taken on site for investi-

vation of surface current {lux, sca water valtage gradients, surface potentials, and polarization
hehavior.
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Surface current flux instrumentation measures the magnitude and polarity of electrochemical
current flow associated with corrosion activity. Activity is measured direcily at the surface
without any electrical connection. The system indicates the level of activity at the sensor loca-
tion, and whether the activity is anodic or cathodic. With a sufficient number of readings a

current flux contour map of the structure can be obtained which images the surface to the resolu-
tion ol the mapping grid spacing.

Sea waler current [lux / voltage gradient instrumentation displays real time measurements of
magnitude and 3-dimensional vector orientation of current flux in water. High sensitivity (uA/
cm?®) and resolution (cm) allows 4-dimensional plots of current flow magnitude and direction for
the survey reglon.

Potential measurcments provide an indirect indication of relative anodic and cathodic areas.
Dependent on good clectrical connection to measurement location. Readings are a broad (not
localized) measure of surface potential compared to a reference clectrode.

Potentiostatic instrumentation measures polarization behavior and the degree of electrical conti-
nuity between structure components. Dependent on good electrical contact with components.
Method can cstablish the possibility of galvanic effects and cathodic protection criteria.

111. Measurements and Examination
Surface current flux. Several transects, with periodic recordings of surface current flux, were

made along the hull. Figurc 2. shows the location of thesc transects as series of colored dots on
plan and elevation views of the submarine.

g8 8
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g ®8 3

Current (ud}
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Distance (foat)

Figure 3. Surface current flux for transect HSI.
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Transect desipnaled [{18, shown as red dots, is a longitudinal transect proceeding from stern to
bow, along shell plate above stern concretion, starboard side following the edge of the excava-
tion at the excavation/hull interface. Mosi points are along the centerline of the hull top. Read-
injss are plotied in Figore 3 with respect to longiludinal zero indicated in Fipure 2.

Transeet designated H213, shown as green dots, 1s a longituding! transeci from bow to stern on
the port side of centerline. Readings are plotied in Figure 4 with respect to longitudinal zero
indicated in Figure 2,
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Figure 4. Surface current flux for iransect I12B.
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Figure 5. Surface corrent flux for transeci Y153,
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Transect designated 1138, shown as blue dots, is a longitudinal transect {rom stcrn to bow.
Readings are plotted in Figure 5 with respect to longitudinal zero indicated in Figure 2.

Transect designated [TV4, shown in yellow dots, is directly aft of the aft hatch, from 18 inches
below the aft hatch on the starboard side, up and over the hull top and down along the port side

of the hull to the keel. Readings are plotted in Figure 6 for plan and clevation views with respect
to zeros indicated in Figure 7.
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Figure 6. Plan (a) and elevation {b) surface current flux for transect
HV4.
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Sea water current fluy and voltage gradients, A number of transcets were made along the hull
with the sensor positioned approximately 1 1/2 inches gbove the surface. Subscquent to the dive,
scnsor mallunction was observed. At what point in the dive this occurred is unknown, making
all data suspect.

Potential. Potential readings were taken concutrently with the surface flux fransect designated
HV4. Connection 1o the hull was made by attachment, at a hole in the forward hatch, of an
cpoxy coated C-clamp with a pointed screw. All reading were ~.62 volts relative to a Ag/iAgCl/
sca water reference clectrode. The constant potential indicates there was mnadequate electrical
conncetion through the clamp, or isolation of the attachment pomt from other areas of the hull.

Polarization behavior, Time constraints did not allow diver connections and equipment
configuration required for these tests,

Encrustation fragment. The fragment was removed from a location 1 fool forward and 1 [oot
down from the forward port comer of the snorkel box. Reporiedly, it is comprised of an
cnerustation layer removed fully to sound metal. Figure 1 is a light optical macrograph (LOM)
ol a [resh cross scetional surface made by breaking the fragment. Figure 8 is a scanning eloctron
micrograph (SEM) of the same surface.

Figure 8. SEM Micrograph of encrustation cross scction.

In this sccondary clectron image, charging of the white (LOM) calcareous layer at the upper
surface is shown as a light region approximately 0.5 mm thick. While biological growth was
cvident on other frapments, this layer could not be tied specifically to biological arigins.
Elemental analysis of the surface by energy disperse X- ray spectroscopy is presented in Figure
Y.
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The remainder of the fragment matrix is black (LOM) I'e O,. Throughout the cross scction there
arc angular particles of embedded silica (Figure 9¢) sediment. [n the backscaitered electron
rages of Figare 10 these particles appear darker thau the matrix. The parlicles are
approximately 100 m in size. No slag {ibers, which typically would have a nominal diameter of
L0 m, were found. At ils maximum, the matrix is approximately 2.8 mna thick.

The boitom surface is reddish (1LOM) Fe (3, no doubt having converied subsequent to removal
from (he site.

[11. Diseussion

Speculation on the resulis of lowyg term immersion is best Teft to hisiorical experts. [owever
some pencralization can be rude, As discussed below, the corrosion rate of steel immersed in
sea waler 1s dependent on numerous factors, including galvanic coupling, fouling, plY, pollution,
water velocity, and scouring. Al factors which have no doubt changed signilicantly at this site
aver the years. Therefore, the corrosion rate could vary preatly from nominal rates {or steel
tmmersion in sea waler. The commonly aceepied rate of 5 mils per year for initial exposure,
decreases significantly with time. One investigation of long tevm exposure showed losses of
approximately 2 mils per year averaged over the first 20 years, with 1 il por year loss
thereafler. Thesce rates Imply there would be a loss of approximately 150 mils (3.8 mm). This
loss, for pencral corrosion of steel, is higher thau what would be expeeted for conparable
exposure ol wrought iromn.

Wronghtron inherently has a higher corrosion resistance than steel. This is duc o iron stlicate
libers, formed by the slag inclusions incorporated by the hand-puddling process employed in the
late 1700"s and the 1800°s. Alier the sponge-like mass from the refining operation was “rotled”
and “piled” into the desired shape, there could be as mady as 250,000 or ore siliccaus stag
fibers per in? of cross seciion. Considered impurities in earlier times, the slag fibors serve as
mechanical barriers to pit penctration, [orcing more wniform progression of corrosion,
Characleristically, corrosion products are dense and adherent, Sludics of old wrought irons has
shown large varianons in chemical composition, but records indicate ihat these variations had
litle effect on corrosion resistance.

Llectrochemical measwrenments. Delection and quantification of clecirochemical processes is koy
t0 understanding preseni corrosion behavior. The HL Hunley is susceptible not only to corrosion
ol a general naiure, but localized atack. 1ifferential aeration cells are possible (rom varialions
i oxygen conient due 1o sediment cover, biological growih, water tlow, and encrustation, in
gencral. Galvame cells can ocour with clectrical conlinuity betweun coulponerts such as the
shicll plates, rivels, keel, screw, dive plane, and ihe snorkel box.

Insuflicient measurements were nrade for comstruction of activily contour naps showing
individuat component behavior, Encrustation obscured featurcs such as rivels, Therelore, no
correlation’s between certain features and ndividual micasurements could be made. However,
some peneralization are possible,
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- At the locations of measurement where readings were anodic, activity was low. The highest
anodic current flux was found at the excavation/hull interfacc on the starboard side of the bow
(Figure 3).

» Cathodic current flux readings are much higher, on average, than anodic rcadings. This is
somewhat unusual in that low level cathodic activity over large areas normally supports higher
level localized anodic activity. Measurements indicate that inaccessible (or unmeasured)
surfaces or components are aclive anodically.

» Figure 6 indicates that the starboard side of the hull at the aft hatch is anodic with respect to the
porl side.

» Readings presented in Figure 6 indicate the keel is not cathodic with respect to the adjoining
shell plate as would be expected.

« High cathodic activity corresponds to areas identificd as “concretion” or encrustation.

Readings represent activity af the time of measarement. In the case of the HI Hunley, where
some excavation occurred prior to measurement, some disturbances in the previous conditions
has no doubt occurred. These disturhances are probably minor though, with respect to the
influence of conditions available for promoting localized corrosion.

Encrustation fragmenl. The cncrustation fragment, recovered [rom the hull, corroborates a low
corrosion rate, assuming that the fragment is a complete representation of the full thickness of
the rust layer.

Metal loss calculations were made based on the following Fe density comparison between
encrustation and wrought iron.

Encrostation
fragment desiccated weight =1.46476¢
volume: vacuum impregnated weight {deionized water} - immersed weight
=0.62512 p
density of encrustation =2.34 glem’
Assuming a 90 wt.% Fe O, (conservative).
1.52 g Le/om’ encrustation emmnmmermm o ocssss oo o
At the measured encrustation thickness of 2.8 mm:

0.42 g Fe/om® encrustation
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Wiought iron
For typical hand-puddling =1 glem?

Assuming a chemical composiiton {ypical of mere modera wronglii iron:

ron silicate: 2.5 wit% (1.36 10 6.22% historically)
ollier clements: 0.3 wi.% (us high as 0.73 historically)

7.5 g Fefont® wronght iron < oo

Metal loss s then,
(0.42 p Felem? encrustation)(] cm® wrought iron/7.5 p Tie)
— 0.36 FUHI T Sim s o o e e e s — e

indicating relatively dense corrosion products with approxtmately « 5 1o | product/ metal loss vatio.
IV, Sumnary Recommendations

The discussion of corroston characleristios is based on vary limited data. While no hull measurements or
caloulations lor the recovered encrustation fragment indicates larpe losses, particular attention should be
pand o certain arcas in preservation or recovery etforis,

The estimate based on general steel corvoston, places cross sectional loss at 7.6 nmym for exposure of both
sides of plale. This estimaic 15 no doubt conservalive, and calculations based on the encrustation
fragment place the minimuon cross scotional loss at approximatety 1 mm. However, the anisolropy of the
wrought iron must alse be considered. Corrosion of cut ends of wrought iron plate 1s generally
considered to be more severe than corvosion of the rolled surlice, Therclore, yecommend examination of
representative joints of structural significance. Not only arc rivets likely to be prone to preferential
attack, butalse the edges of the plate they connect.

No high anodic cell readings were made which conld focus more specilic investigation, except for the
tendeney to higher activity toward the underside, Reconimend that the lowest elevation be examined in

any tucther effort at specilic determination of remaining cross scetion.

Castron (keel) galvanic effects appear small. However, the relatively high cathodic activity must be
supported by wnodic surfaces at some location. Dissiniilar metal intecfuces should be serotinized.
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Mission:  As the Nation’s principal conservation agency, the Department ol the [nterior has
responsibility for most of our nationally-owncd pablic lands and natural and cultueal resources. This
includes Tostering wise use of our land and water resources, protecting our fish and wildlife, preserving
the eavironmental and culivval values ol our national parks and historical places, and providing ior
the enjoyment of lile through outdoor rececation. The Department assesses our energy and mincral
resouiees and work to assure that their development s in the best interests ol all ous people. “The
Department also promuoles the goals of the Tuke Pride tn America campaiga by cucouraging
stewardship and citizen responsibilily for the public lnods and promoting citizen participation in their
care. The Depariment also has wnajor cesponsibility Tor American fndin reservalion communitics
and Lor people who Live in Lsland Territories under US Adiministraiion.
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