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EXECUTIVE SUMMARY 

In April 1996, the National Park Service 
(NPS) was ta~;ked with conducting an 
assessment surv~y of a vessel purported to 
be lht: Confederate submarine Il.L. llunley 
located in outer Charleston Harbor. The NPS 
Submerged Cultural Resources Unit (SCRU), 
in cooperation with the South Carolina Institute 
or Archaeology and Anthropology (SCIAA) and 
the US Naval Historical Center (NHC:) entered 
mto joint field operations w May and part of 
June 1996. 

The objectives as stated in the NPS 
generated reSearch design were to 
determine: 

1. If Lhe cultural remains at coordinates 
identified hy the National Underwater and 
Marine Agency (NUMA) were Hunley. 

XV 

2. lf the remains were substantially intact 
and could be safely raised for conservation and 
display. 

Fieldwork conducted hy the joint federal 
and state underwater archeology ream 
determined the vessel was indeed Hunley, that 
it was substantially intact and that raising was 
a feasible and, in fact, recommended alternative 
for preservation. 

This report discusses the survey operations 
conducted over the area using nondestructive 
remote sensing mstrumentation, excavation 
procedures, analyses of cultural materials 
n:(..·overed or observed in situ and the associated 
contextual environment. It also presents the 
rationale for recommended site-treatment 

options. 



CHAPTER I 

Introduction 

Daniel J. Leniha11 

This document is the final product of an 
interagency research program that involved 
cooperation of se vera! state and federal agcnncs 
and members of the p1i vatc ser.:tor. Primary 
project objectives were to confirm the identity, 
location and condition of archeological remains 
presumed to be those of the Civil War 
submarine HL Hunl~y in the outer harbor of 
Charleston, South Carolina. 

Hunley wa!; a prototype vessel that 
conducted the first su~,;cessful attack on an 
enemy ship frorr under water. It has hecome 
an icon in American military history. The story 
began with its <>ecretive construction and 
infamous trial nms, which resulted in more 
cumulative loss of life to its ~.:rew than occurred 
dming battle. Then, <t spectacular success in 
siuking USS Housatonic, followed by its 
mysterious disappearance after the artack, 
ensured its place in Civil War folklore as well 
as history. Various altempts at locating the craft 
make for an intriguing epilogue to the vessel's 
active history. 

1 

Hunley is a prized relic of a Confederate 
heritage still che1ished 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 
documenrarion. As in the case of other sites 
investigated by the National Park Service 
(NPS), including USS Arizona and USS Utah, 
llunley touches a chord in people that makes 
"public archeology" pub he in the truest sense. 

Despite its h1storic and symbolic impmtance 
to many people, work conducted dufing tillS 
pro.iecr on the vessel assumed to be Hunley was 
fairly straightforward and sdentific in nature. 
The NPS, although engaged in managing 
several Civil War sites, served, in th1s particular 
case, only as a prov1der of technical services in 
the field of underwater archeology. A 
discussion of the discovery, issue of title and 
ultimate dispos1tion of the site are presented in 
the administrative history section (Chapter 2) 
of thi.s report authored by archeolog1sts from 
the Naval Historical Center (NHC) and rhe 



South C;.uolma Institute of Archacoloey and 
Anthropology (SClAA). 

The remams that arc the suhjc<:l of this 
project were inil1ally di.c;covcred in the outer 
harbor or Charleston, South Cnrolin<l, in !995 
by a group nr divers alli lulled \-VII h I he National 
UndcrW<.\tGr and Ma1i11C Agency (NlJMA) 
workine 111 association with SClAA (Hall and 
Wilbanks I1YJ:1). NtJM/\ is a private-sccLUr 
mganmnion financially Sitpporled 111 large part 
and di!ccted by noveltst Clive Cussll~r. Aflcr a 
scrit:s of dcvclopnu.:nts dcscribccl in Clwptcr ), 
the NPS's Submcrgcd Cultural Rcsourt:cs UJtil 

(SCRU) was ada;d tu lake the IL:ad in 
conduct1ng a .'>itc assessment. The unit had 
worked on rnany US Navy rciHled projt~CJ:; 

including Pc.::\r! 1-lm ho1, Bik1ni Atnll and the 
Aleutian fslands and at the spccd.ic request of 
the NllC: on CSS i\/(1/;ama in Fr<liiCC <tml Lhc 
US lme Sonwrs m Mexico. 

ln Apri I I 1)96, N PS Dircclnr Ror.cr Kennedy 
directed SCRU to wurk on ll11nlcy 1n rc~.sponsc 
to a request from Dr. Willia1n Dudley, I )treclOI, 
Naval 1-Iislorical Cenl~r. Because field 

operations were intended for May, a month 
away, untl mdH~nlop,ists irnmedialcly prepared 
<1 research des1p,n a1Hl established a workmg 

protocol w1th archcologLsls l"mm .SCf!\A ;~nd 
NHC. The project research destgn is prcscntcd 
in Chapter 3. 

The design was d!lscly followed c.\ccpl for 
necessary adjustments to acr.:ommodale logistic 
delays and field exir,cncics, primarily weather 
related. We began with a remo!G-sensing ~;urvey 
nf tl1c study area. l'or archeological purposes, 
l J.SS llou.\{/fon ic and reported !Iun/ey remains 
were trcal.cd as scpantle components of one site. 
We used all forms of nonmvasive technology 
at our cl!sposal hdorc d1sturbmg the area with 
cxcavniJnn. Th1s Included <t rauge of" 
mstnuncnts such as ma~nctometc:r, depth 
souudc1 a11d various sonar dcvtccs, all 

positioned thmueh Differcntwl-cort·ectcd 

Global Positioutng Systc:m (DCJPS). A !"ull 
diSCllSSJOil of the lllStrUITIC!ll package can be 
found m Chapter 6 along with tlte remote 
sensing results. 

In hncf, the l<ii"J',c1 n~m•un:; and those of 
I lousutonic appear drumatically represented in 

the mar.nctomctcr record with 011ly one other 
stgllll"icant anornnly recorded in thc area. The 
object causi11g th1s magnetic anomaly was nul 
visib!G above the bottom sedimen1 to side sca11 
SOil<!!". Because it wnuld have requtrcd 
excavmion to eva!Lwte this ~L!IO!ltilly, 110 nttc1npts 
were made to detcrmine its nature. Other 
tnstrumcnts !IHI!cated a relatively umforrn, 
undisturbed bollnrn w!lh little vertical relief in 
the study area. A genc1 nl disCussion of l11c site's 
crwironrn(~nw! context is i11 Chapter 5. 

ltilrl!StVG (ield orcration~; (digging and 
conng) are discussed in Chapler 7, including 
excavation strategy, documcn1a1lOntcchniques 
il1HI backl"illing procedures A dcl;uled 
clcscnption of /l.L llunley''; ternams as liH.:y 

Hpp(:nrcd during archeologJcal documentation 
1S presented 1n Chapter 8. 

Chapter 9 consists of anal yscs of specd.ic 
a~;pec tS of the SltC, i m;lud111g U c!iSCUSSlO!l ol sit C~ 
forrnal ion proccssc~;, particularly burial 
scqucJICC, :-;cdimcnl c!cpositJon and potential 
pcnod;; of re-exposurc to open sea water. 
Various natu1al tndJCators of post-deposllional 
dyn;! llliCS st tch a:-; coral growth and encrustation 
by various ntan11c.; organisms arc addressed. 
( lthcr problem do1nain:; included in this chaptc1 
are questions of hull integrity and weight, 
cnt1ca! factors for <IllY potential cxcav,ttiou, 
n::cove1y and conserva1ion operallons. 

Chapt~r 10 is a l"orrnal pre:-;cnlittHlrl ol" 
cunciii-"IOns and recommendations !"or tong 
tcn11 llC<tllllCIIl nf lll(\ :-;ne, mcluding princ1pal 
ISSues to he addr~sscd in a complete recov(~ry 
ol"thc lndl ami all assncwted rcmatns. 

'l'I!L~ assesstliCIIl[ll"OVed conclusively th<ll Lht~ 
NUMA team dtd indeed find and 1denttfy 
ll.L lf1111/ey. There was 110 Indication that 



the sediments immediately over the submarine 
had heen disturbed in the last century other than 
the \united tcsls around the forward hatch 
conducted by NUMA. Several features of 
Hunley differed from histmical documents, but 
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that only underscores the complementary nature 
of history and archeology. The written and 
material records combined tell a stot'y more 
fascinating and accurate than could ever be 
achieved by either discipline working alone. 



CIIAPTER2 

Administrative History 

RobertS. Neyland and Christopher F. A mer 

INTRODUCTION 

This chapter documents administration of 
the Confederate submminc H.L. Hunley and the 
negotiation of an agreement between the 
Department of the Navy and the Stale of South 
Carolina providing for its protection and 
preservation. Hanley was discovered and its 
rnnnBgement negotimed during a rime when the 

political climate in Washington was anti-federal 
government. Congress was on a mission of 
deregulation, downsizing or liquidating entire 
government agencies, and Congress and the 
president deadlocked over 1996 appropriations 
resulting in govcmmcnt shutdowns. 

Not surprisingly, Hunley's discovery rmscd 
the issue of states' rights over hist01ic propctties 
important to their heritage versus federal 
sovereignly over Uniled 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 
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protection and management for undciwatcr sites 
and the need for shipwreck investigators to 
balance exploration and research with site 
protection and preservation. 

1L is important to observe that there were 
some predictable reactions resulting from 
Hunley's discovery and, therefore, some of the 
prohlemattc issues that developed could have 
been resolved between agencies through early 
coordinatwn and development of an 

administrative strategy for managing the 
shipwreck. Given the lack of a formal 
agreement between the State of Sourh Carolina 
and the Department of the Navy (Navy) or the 
General Services Administration (G-SA) 
conccrniug exploration and administration of 
the submarine, it was inevitable 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, Ilumilton ami Scourge. 



Despite problems occurring during 1995 
and I 1)9(J, th1\ major players were able to 
over-come the1r ditlercncc~s. Conccms for the 
submarine's sakt y and how to best mmwgc 
it !c.d lo exceptional respom;es, resulting in state 
and !'cdcral coopcration in the Blanagc!llcnt of 
/Junley. Over the couna: of negotiation-; 
conceming f111nley, the site became om: oi' the 
most protected shipwrecks m the Umted St<ltcs. 

I(Aili.Y INVOLVEMENT 

The Naval lll~toricul Center's (NHC) 
involvc;ment with l!unley started well before its 
di~;covery. Mark Newell of the South Carolina 
Institute of An;haeology and Anthropology 
(SClAA) had 1nitially communicated the 
SCI/\A/Naltonal U11derwatcr and MarJnc 
Agency (NUMA) survey proposal prepared l'Y 
SClAA and NlJMA to the :t';JllC in 1994. Mr. 
Newell req~testc~d a revww of the survey 
proposnl nnd Navy authorization to survey for 
a11d gmund truth potculwl <UlOHW!Jes (Newell 
l994). Tlus survey proposal rccoguizcd that if 
found, llunfey was properly of the United Stales 
govemmcnt under CJSA juri~dictio11, and tl1<1l 
m the event of its discovery, It was likely that 

responsibility for llli.UJagement would be 
transferred to the United Stales Navy. This 
proposal recommended creation of a !luniey 
Task Force that would, "advise the US Navy 
via the NllC and antictpated that the US Navy 
would assun1c the role of letld agency 111 fuclhcr 
work on tht~ sile." 

l11 the NIIC:'s rcv1cw ol"thc survey Jlropusal, 
tltcy rcc;t)!llJJJeJJdcd tlu1t, if llultley were locatccl, 
the location he kept confidential to [Hcvent 

loot in~ and to provide lime for fl:denll and slaW 
authonlJCS l"il plan for pcotectiotl and 
prcscrva11on (D11dley liJ94). The NIIL 
rccoe,mF.ed that litlCS of communicatiOn <"tnd 
cooperatiOn would have to he established 
between vanouf> federal and state agenctcs, and 

cuord!lllllli..lll ol· preservat1nn and protceltnn 
plans would take some time to nr-ganli'G. I )1m np. 

this tunc, the wreck could be vulnerable lo !hose 
simply curious about the .-:ubmarine or who 
might have designs on recovery of mtifacts or 
~~ven establishing an admiralty salvage claim 
over the wreck m J'ederal eourL 

ll!SCOVICRY 

The NliC's firsl nutii"ieation of the 
discovery came with a telephone call fmm Mark 
Newell informing them that Clive Cusslcr's 
smvey team reported they had located the 
wreck. 'fhis was latef confirmed by a call from 
Wcs I !all uf Clive Cussler's team. The NHC's 
stall b~,;came rncrcasingly concerned lti)On 

hearing reports of the discovery 1cleased m the 
national press. 

NIIC starr notified GSA's Federal 
Prescrvaliun O!licc! (FPO) and the Property 
Management Division. ll was not at ;.111 ccrl<tin 
which division or GSA should, or would, take 
respons1bili1y. Even though the logical 
authonty would be the I'PO, admini.strution of 
llwrle'J.' in fact stayed Wltl1lll the J.lropcrty 
Managemr:nt Divisiou. 

lt became apparenllhal any site wrificalion 
could not he 1mmediatcly conducted Without 

givtng away lucatiou of the site to !he news 
media or otb~r int~restcd parties. A predictable 
reaction was the involveme11t ol' Statt: uf South 
Carolina elected oJ"fil:ials, who undcrslamlably 
h<ld <l keen interest in flwtley and its role in 
South Carolina h1story. They re<:lCLt:d very 
qnicldy, perhaps as a response to the evolving 
conlrovl~n.:ies in I he mcdm, hut also pos~.;ibly due 
to the aSSlJGtation ol" illany wilh tile Sons or 
Confede.rate Veterans (.SCV) c:unps in South 
Caroltna and Ucorgw that had supported 
S11rvcys lo locate !lwtley. Senator Glenn 1'. 
McC 'onncll, a prominent SCV member, was 
appornled chainnan of the South Carolina 
flun!ey Comrmssion (the commission). Willlln 
only ten clays of lfuntey's discovery, on May 
17, 199'1, Senators McConnell, Passailaiguc, 
l{osc and Gtcse tnlrocluccd 111to the slate 



legislature a South Carolina Concurrent 
Resolution (S. 844) that memorialized 
(petitioned) the United State~ Congre~s to direct 
the General Services Administration to transfer 
ownership of the remains of the attack 
submarine and to create a nine-member 
commission com:isting of three members from 
the House of Representatives, three from the 
Senate nnd three appointed hy the govemor. 
The South Carolina Hunley Commission would 
become the ultimate legal authority representing 
the state's interest in Hunley, assuming 
authority over tht; South Carolina Office of the 
State Archeolo,~ist and the State Historic 
Preservation Offlcer (SHPO) (Cook 1995). 

An immediate and direct benefit of this 
intense political intere~l was the Coast Guard's 
creation of a Regulated Navigation Area (RNA) 
of approximately one square mile over the 
Hunley site. Th1s RNA went into effect on 
August 1, 1995, and was initially to stay in effect 
for only 90 days. The security zone prohibited 
diving, dredging, anchoring and salvaging in 
the RNA with a $25,000 fine plus forfeiture of 
any vessel caught violuting the RNA. 

The RNA was extended indefinitely at the 
request of the N2vy, and the NRC: hecame the 
primary Coast Guard conlacl for violations. 
Additional protection was implemented by the 
Navy through installation of a twemy-four­
hour··per-day n~mole camera monitoring 
system. Images from the camera arc transmitted 
to the dispatch office at Naval Weapons Station 
Charleston where security personnel monitor 
the site and the Coast Guard is summoned in 
the event of an unauthorized presence or activity 
in the RNA. 

The South Carolina legislature also acled 
promptly to strcllgthcn South Carolina's laws 
hy amending the 1976 Code of Laws with this 
addition: 

Section 54-7-815. Notwithstanding 
any other provision of law, no person 
may excav<lte or salvage any sunken 
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warship submerged in the waters of the 
Atlantic ocean within three miles of the 
South Carolina coast where there arc, or 
it is believed that there are, human 
remains without the approval of the 
State Budget and Control Doard. A 
person violating this section is guilty of 
a felony and, upon convictiOn, must be 
fined in the discretion of the court or 
sentenced to a term of imprisonment 
not to exceed five years, or both. 

Although the NHC debated whether or not 
to become invul vcd, they began to receive calls 
and letters requesting that they take action to 
protect the submarine and oversee its 
management. Apparently the public expected 
NIIC to take the lead to represent the fcdcrnl 
government's interest in Hunley. With 
introduction of bills in the United States 
Congress to transfer title to the State of South 
Carolina, the Navy and other federal agencies 
became concerned about Hwtley 's fate and the 
precedent that would be established for other 
naval wrecks. Both the NHC staff and olhers 
viewed federal preservation laws as the best 
legal and regulatory protection for Hwdey. The 
many failed attempts to raise naval shipwrecks 
and the resulting disasters, such as occurred with 
the wreck of Civil War-era USS Cairo (Bearss 
1980; McGrath 1981), also influenced NHC's 
decision to become involved. 

The GSA's staff, cc1tain that Hunley \vas 
federal property under their jlllisdiction, wanted 
to transfer Hu11ley 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 
possibthty of exhibiting "this 1con at the 
Smithsonian on he half of the Ame1ican people" 
(Heyman 1995). 



GSA theu off"crcd the subrnanne to the Nl tC 
on July t3, 1995. The transfer was only in facr 
a tran~fl~r of responsih111ty for management 
ht~C<!IISC CiS A attUl ncys dctCI llll!lCd they could 

not legally transfer full accountability wllhout 

vJO!atmg the National 1-!Jsloric Preservation Act 

of !966 (NUPA) (Beres 1995). 
Predictably, this offer to 1hc SrnllhsonJ!lll 

alarmed Sottlh Camltna poiJ!tcians who were 

dctcrnliJHXlto bnng llunlev horne to Charleston 

to which its lustory was closely tied and who 

also surmised that fluuley 's htstorir:;il 

interpretation could end up 1n conrrovl~r.sy ltke 

the World War ll mrcraf1 !-.'nola Gav. Whtlc 

federal ar,cnucs \VCrc mdec1sive almut who 
wo1tld handle the su hrnwmc, the S talc of Soul l1 
Cwolma movGd toward legislation to transfer 

llun/ey directly to the state. 
On .lt1ly X!, l1YJ'1, the UnJtcd States !louse 

~ )f \{ cpresen tali vc~s .Su bconmnltec on 1 ;isllcrics. 

Wildlife and Occ<Jns held a hearing on the bdl 

(1-LR. 17-'! 1) introduced by Repre.c;cntal! ve Mark 

SmlfDrd of South C<Jrolnw to transfer title to 
llun/ey to the State of South Carohn<.l and 

establish a federal oversight comrmltC(~ 10 advL'"~ 

on prcscrval]()ll Jssues Also on the snrnc day, 

the css lltw!ev CotlVCVa!lCC Act or 199) (S. 
lOSi]) was Jll(roduccd into the Sencllc by 

Senators ThurrnotJd and llolllnr.:.. whtcl1 
prov1dcd: 

a. Conveyance l~cqtured --- l'hc· 
president shall direct the approp1 t:tte 

l'cdcral offictallo convey to the Slllte uJ 

Sowh C<Jrolllw, WJthuut consJdcra!JOtl, 

all nght, lillc, and mlcrest of" the Unncd 

St<ILC'-' l!l aml to the CSS llwdey, a 
SL!!Jkcn (~onletlcrale subuJ;I!JllC localL~d 

1n a harilor 111 close pwxinuty lu 
Charieston, So1tth (:;Jn)llna. 

b. Tenw: and Concl!tJons TilL~ 

ollic1al under subsection (a) 1rn1y 

require such re1·ms nnd Co1Hlll1ons 1n 

connec!Jtlrl WJ!h the coJtvcyaucc Ltmkr 
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that subst.:ction as the oJTicial considers 
to be necessary to ensnre the proper 
p1r.:scrvalitmnl" the CSS 1 lu11lev (United 
Stales Government Prinling OJ'fil:c 
1995). 

South Carolina was uot thc only slate with 

arr interest in ffuniey. Thl~ citizens and elected 
o!'l'icials of Alabama also expressed interest, 
wl11ch led to the mel us JOn of a stalCillC!llrn the 

l-JousG of Reprc:sentalJVCs' Department of" 

Dc!Cnsc Appropriations Bi II, 1996, directing the 
Scuetary of the Navy to give "srecwl 

consrden1tion , . to historical factors such as 
the rlace of CO!lSifllCtion Of I he ve~.;scl, stale of 

tht~ vessel's honw JlOil, and home state of !he 

lllilJOnly of the crew" when dctcrmirung a 
display location for llwtley. Alabama'~; inlcrc~;t 
would evcnlrr:Jily watH:, althotq~h they 

continued to support federal rnarmgerncnl. In 
the !louse Cumrrtittcc hearing on H.R. 1741, 
Alabama Rl~presentative Sonny Calahan staled 
that Congress should nol interfere with kderal 

agencies nor make an exception to the federal 

preservation laws to tr;msfcr tlllc to South 
Carol1mt in the case of llwrlr:y, and I hal il" specral 

lcgJslatJOn is JnJtlalcd "J\laharna will compete 
!"or fl11nlev on a leve-l playing field." The 

llonorablc Richard Shelby of Alabama also 
re-quested rccognit1on or Alabama':; and 1h,-: cny 
or Mobile's interest in bcJne COilSJden:d <IS a 
locatiOn to exhibll llun!cy (Shelby 1 99_'1) 

The Clillton J\dmJnistratJon would 

evcnllli.!lly oppose lhc Senale bdl on 1hl! h<lSJs 
th;Jl 11 drd not adequatel_y L!nsurc preservn\lurl 

uf the wrGek uf lluu/uv: 

'J'he AdnutJisltatioit opptlSC'i Senale 
p;rssilgc of S. I Oi-\4, bccmJsc thL~ hill 
Jails to provtdc mlequute :-.;a!egw.Hcb to 

guarantee the ( 'SS lluuley'" lonL•,-ll!llll 

protccLJOll itnd prcscrvalton. 

Tile /lwtlf')' IS a wreck 

-'-'lgnJfiulnce, and rts 

o!- llH[!OlWI 

lung-let 111 



protection and preservation will require 
substantial financial nnd material 
resources. ln the past, non-federal 
effort~ to recover and exhibit Ci vii War 
wrecks have failed, in part, because of 
the absence of ~uch resources. The 
Federal Government can best provide 
the necessary resources, protection and 
oversight. 

Federal control of the wreck, however, 
does not preclude the State of South 
Carolina from conducting archeological 
activities at the site. Fcdcrallaw allows 
the State, under permit issued by the 
Federal Government, to study, recover 
and exhibit locally the wreck. Work on 
the CSS Alabama is an excellent 
example of national oversight of an 
imporrant archeological project 
perfonned, under federnl pe1111it, by a 
local nonprofit organization 
[DepMment of Navy 1996]. 

The Department of Defense would also 
eventually opposeS. 1084, however, well after 
an agreement between the Navy and the South 
Carolina Hunley Commission was reached 
(Miller 1996). 

On August 22, 1995, the NHC inilialerl a 
meeting of the f'ederal Oversight Committee 
for Hunley. Agencies represented at thi.s 
meeting were the Advisory Council on Historic 
Preservation, GSA, the Nauonal Park Service 
(NPS), National Oceanic and Almospheric 
Administration (NOAA), Smithsonian 
Instirution, Department of Justice (DOJ) and the 
Navy. The consensus of this meeting of federal 
agencies was encouragement for the NIIC lo 
uphold federal tille and apply federal 
preservation laws to the submarine. The 
Adv1sory Council on Historic Preservation 
offered to drafr a programmatic agreement 
implementing the NHPA. The NRC and the 
other federnl agencies envisioned the resolution 
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to disputes regardingiiunley in a programmatic 
agreement between the Advisory Council, 
South Carolina SHPO and NHC, possibly with 
groups such as the commission participating as 
concuning parties, if they chose. 

It was not until October 1995, that Cl1vc 
Cussler transferred llunley's coordinates to the 
NHC. Until this time, neither a federal nor state 
agency had the coordinates, which was probably 
besl for Jlunley, consir.kring Lhe intense public 
and political interest. Other groups and agencies 
had attempted ro gain access to the coordinates 
mcluding the Hunley Comm1ssion and the US 
Army Corps of Engineers/Charleston Di~tlict. 
In addition, the NHC received a request under 
the Preedom of Information Act (FOIA) from 
the General E. Porter Alexander Camp# 158 of 
the SCV for all materials generated by the NHC 
concerning H.L. Hunley or addressed to or 
containing the names of several listed spec1fic 
individuals and organizations (Highsmith 
l 99."i). Fortunately, the NIIC had prepared for 
such a request. 

Prior to these requests, the NHC, pursuant 
lo Sec lion 30rl- (a) of the NHP A, had requested 
and received authmization from the Keeper of 
the National Register to restrict sensitive 
information, including specific location of the 
wreck's cargo that could encourage looting, 
existence of armaments and knowledge of grave 
sites. Access La Lhis information would be 
evaluated on a case by case basis, dependent 
upon other agencies' needs to evaluate their 
actions under Section !06 or legitimate requests 
for access for the purpose of scholafly research, 
which assures protection of restricted data 
(Dudley 1995; Schull 1995). Restriction of 
sensitive information is also permitted under 
Seclion 9(a) of the Archeological Resources 
Protection Act of 1979 (ARPA). In addition, 
this restrictive informntion policy was 
implemenled in a Naval Histoncal Center 
Instruction. 

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



from tlw FOlA and other requests. The 

commission was also faced with finding the 
appropriate legal and aclmmistrati ve protection 

for the coordinates when these were transferred 
f1'0m the NI-[C to the comrr11Ssl0n (Cook 199S). 

This was accomplished by entering flunley's 
coonlinates, as well flS all inrormal ion rer,:1nltnr, 

the site, into the South Carolina State Site Giles. 
The llunley site was given the State Site fiile 
n11mhr~r ~1RCH I()') 1. ( Jnder Sr:cti()n )4-7-R'){) 

(A) of the South Carolina Underwater 

/\nttquitics Act of 11>91, records pcrtamtng to 

the stat~.:'s subrm.:rg<:d archeological sites, 
including coordinates, "arc not con.c;idcrcd 
publ1c record for purposes of the Freedom or 
Information Act" (S.C.C.L Article 7, Chapter 
S4, Scctwns G10--8SO, 19'/G) 

NEGOTIATIONS 

On Octohl:r 2'1, 1995, the fl11nlcy 
Commission requested a mectmg Wtth NIIC 
staff in Wnshington The NHC assumed tlus 
would be an informal meeting at the Naval 
Historical Center. As the elate approuchcd, 

however, it was found that 1nstead the mcctmg 

was scheduled to bl: held in thl: Sl:JHtlc wing of 

the Capitol huild1ng with Senators Thurmund, 

Hol!mgs and other tnembns uf the South 
Carolina delegation present. N1JC rnccring 
din:ctly wi1h mcmhns or Congress without 

prior knowledge ::tnd <lppruval of the ht:ad or 
Navy Command and the Department of the 
Navy's OHice of Conen:ssl0111d Allltir." was 

stllctly against Navy protocol attd regulations. 
Very (Jillcldy I he Navy's scninr ci vtliur1 h1wycr, 

Stevcu S. Horuglllan. gerwral counsel, was 

appoinlcd as tiH.: N c1vy' s chtef spokesperson for 

thts meeting. 

11 was clear that this llJCetiug wuld set the 

stage for federal and state coopcratiorL The 
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Navy's goals in all ending the meeting werl: lo 
hear the South Carolina deleeal'ion' ~concerns, 

avoid discord and deal with the issues at a 
working level. The commission shanx! similar 
hope~ nl 1·esolvinz any conllicts and moving 

negotiations with the Navy forward m order to 
prcscrvl: l-Junh)'. As stated by Senator 
McConnell, "It is our hopl: to reach some 
common areas of understanding and to bl: abll: 
to work tnr;ethcr as a team and avoid any 
advcrsarial rclat]{)nshtp rcgarchng the !ltl!r.lcy" 
(McConnell l905). At the mccllllg, the 
commission and the Navy found tbl:y shared 

~Hnilar goals of protecting and preserving 
llun{cy, although they were concerned abottl 
different aspects of 1-!u~~.lcy'.l. nHlnnt;:eincnt. 

While the Navy saw selection of appropnatc 
plans for l:Xcavation, recovery, cottSCJ vatton and 

existence or adequaw flmding as their principal 
concerns, I he commission focllsed on interment 
or tlw crew's remains and final exhibit and 

interptdation ul" the submariuc's history. The 
COlllllllSS!U!t suggested S]Jaring titJe; ]lOWCVCf, 

the Navy suggested temporarily putting the title 
tssue a~idc. The Navy also supported localing 
1-Jun/ey in the Charleston area. 

Meeting piirltcJpants aececrlthc Navy would 
manage the scicnti fie ancl archeological aspects 
o!' sth.'- survey, recovery ami conscrvatJoll of the 
subrnari110, and the Stall: of Smtih Carolina 
would oversee interpretation and exhibition of 
the submarine <!ltd have the right to inter the 
ucw's remains as the commission deem~; 
appropriate. The comntis~.;ion would submit 
their mterment plan ro the Navy for review and 
comment. In turn, the Navy would S11bmi1 an 
agrcl:ment outlining the state and federal 
partner sh r p to the corn Ill I ~s1 on. In <ldd r tion, the 
Nuvy would rcqt1est sitr_~ coordinales fmm Cli vc 

Cussler and cventttnlly share these wrth the 
cotnmtsSHltl. 01.'-;scusion rcmatned ovn 

O\-vncrsh1p and title. 



DISSENSION 

Despite the: best intentlons, relations 
between the commission and Navy deteriorated 
over the title issue, release of coordinates, 
comments on the commission's reburial plan 
and the proposed site assessment. Another 
problem was that direct communication 
between the NHC and the South C:arolina 
agencies (Hunley Commission, SCIAA and 
SilPO) was restricted as a resull of a<.:tions on 
the part of both lhe Navy and the commission. 

A letter dated October 31, 1995, from Jolm 
Hazzard, Hunley Commission Attorney, 
addressed to Senator Strom Thunnond's office 
asserted that the Dcpm1mcnt of the Navy had 
attempted "to circumvent the Hunley 
Commission in 1ts effmi to gain control of the 
H.L. Hunley." Presented as evidence were 
drafts of a mernoramlu)TI of agreement and 
programmatic agreements sent to the South 
Carolina SIIPO and letters to SCIAA. This 
resulted in explicit instructions from Navy 
counsel that all communications were to he 
routed through lhe Navy's Office of General 
Counsel. 

The commission instructed the South 
Carolina SHPO and SCTAA not to discuss 
matters of Hunley- specifically any agreements 
-with the Navy. At this stage, only the lawyers 
were allowed to talk directly. An unfamiliarity 
with the NHPA and its implementing 
regulations on the part of officials both in the 
Navy and South Carolina in parl contributed to 
misunderstandings and difficulties in 
negotiating an agreement. 

The draft programmatic agreement, wh1ch 
had initially been dmfted by the Advisory 
Council and that the NRC had formerly 
submitted to the South Carolina SHPO, was sent 
directly to the commission for rev1ew. This 
document contained provisions for perpetual 
display of llu.nley in a fa<.:ilily located in South 
Carolina, recognition that title to Hunley 
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remains with the United States, prec1se 
coordinates would be provided to the 
commission under approp1iate guarantees of 
confidentiality, and establishment of a process 
for resolving dispures between the Navy and 
the eornmisswn. 

The commission rejected the agreement 
stating that it treated them as an interested party 
not a partner, it asked them to recognize federal 
ownership, 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 IJunley site assessment (The Post & 
Courier 1995). Also, the coordinates, which 
had yet to he shared with them, had become a 
matteroftlllst. In addition, Senator McConnell 
protested that not being able to talk directly with 
the NIIC staff "treats j the] Commission as 
litigants, which makes cooperation difficult." 
Negotiations were hampered further when the 
commission passed a resolution prohibiting 
lhcm from cntefing into any discus.sions 
whereby South Carolina relinquished their 
claim to title. The Navy also expressed 
difficulty in communicating and receiving direct 
responses to the Navy's proposed agreement. 
Il was obvious that if the differences were not 
resolved soon, the negotiations would 
disintegrate into a long and expcnsi ve legal 
battle that would not benefit 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 appointed 
William Cassidy, Deputy Assistant Se<.:retary 
for Conversion and Development as the new 
point of contact with the commission .. Mr. 
Cassidy, who had been involved with the Base 
Realignment and Closure (BRAC) of the 
Charleston Navy Yard, allowed the NHC to talk 
directly wah the commission and SCIAA, 
particularly on technical matters. 



As a tlirccl JTsponsc to congressional 

pressure, Navy attorneys began examining 

whether they tOt lid transfer ~ire coonlinmes and 

llurt!ey 's management dircclly to the 

commission by plac111g the c:oncllttons of the 

agn:emcnt into a lcllrr format that would be 
more acceptabk. 1 [owcver, Sections J06 and 
110 (I) of the NllPA require that htstonc 

properties be taken into account during a federal 
undertaking and proht btts delegatiOn or l C(lend 

oversight. Hoth the NIIC ar1d the AdvJsory 

Council called a1tcntion to the Nttvy's 

rcspon~;ibilltics under the NHPA and lh:ll I he 
council and the Navy had bcer1 developing a 

progrumrmllrc agreement, pursuant lu NlJPA 

rq~uliltJUilS, since August 1995. 

ltESOLliTION 

In the end, ll was the Slle assessment that 
wottld Hi low the pr-ngntntl1lalic agrecmc;IJt to go 

forward, ror it was this that fostered(\ ~;pirit uf 
trust and coopcratwn between the two part1es. 

As early as Nuvctnbcr I, !995, lhe conumssion 

lmd cxprcs~cd interest in a joint stale/J.cdcntl SllC 

assessmDnt, in order to evaluate propos<tls fo1· 

how HunLey will be managed in the recovery 

phase and to answer questions about the curren[ 

status ol· rhf sue. 

A_1omt cxpctlition was agrc;cd upon, and the 

euurdinatcs were shared With the commission 

011 January 1 J, 1996. In a Febnwry 20 Jetter to 

Sen:tt(lr(;lcJJll McConnell, Dr. William Dudley, 
of the Nt!C, Dutlined survey goals and 

pnrametcrs and recommended a partnership 
between the NPS's Subnwrgcd Cultural 
Resources Unit (SCRU), the Underwater 

Aicll<.ICOiogy Division or SC!AA and tile 

Undcrw<Jlcr Archaeology Dranch of the Nt JC. 
This course was also recommended to the 

Ass1sLant Secretary of the Navy and Deputy 

As:.astant Secretary of the Navy on the bas1s or 

pntcntial tlm.~.ats to the submarine J'rom theft m1d 
vandalism and the c;xtremcly poliliC<d and 
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publicly sensitive situation (Dudlc,y J9l)6b; 

1996c). 

I'ROGRAMIVIATIC AGillCI<~IVIENT 

Al'ler numerow; revisions and lllOJtths of 

negotiation, the prograrrunalic <tgreement 
between the flunley Commission, South 

Ctrolma SllPO, the Advisory Council, GSA 

and the Navy went into c!lcct on August 6, 
l 1YJ6 Thts agrcGmcnt providc~d a means Cor 

the Navy to l"ulrill its Scctior1 !O(i n:qutrcments 

undcc the NJ-IP/\. ll settled the issue~; or 

OWilCl ,;I lip and Siting thl: ''LJnJLed StateS of 
AnlCJ!Ca >;hall retain title to the Hunley, and the 
Stale of" South Carolina shall have l:uslody of 

thc lltwlev in perpetuity." Site: prntecltun is 

addrrssrd through llw continualwn of the 

present security measures, and site protection 

and stabil!zation is the pnrnary objective until 
acceplilhk plans and rundlllf.~ lli"C 1n place for 

archcologtcal iliV(;~ttgatiou amltccovcty. 
A lfunley Oversight Committee (same as 

the Federal Overstght Committee) will provid0 

gul(lance by reviewtng and cornmentJng upon 

proposals for archeological investigations. [n 

addnion, organizations althc natmnal, state and 

local lcvf~l~ \hal have an interest in thf 

archeologtcal investigatiOns of Hwdty will also 
he provtded a revJcw <tnd conHncnt pcnod. The 
Navy will provide an opponun1ty for 
JrH.!Jvtdual~.; and organii:<Hions to submr[ 
proposals for the archeological investigation of 
ffun!ey by due process no!tficalion 111 !he 
r:cdend Register. JJropmals submitted to the 

Navy must he comprehensive, include a 

financial plan and comply with 1hc federal 
st<tJldards for archaeology. 

1\ Memorandum of Under~;tanding between 

the Navy and the repository for the collection 
must al:;u be executed. The commission will 

recommend a location for stabrli;.atton, 

con~;ervatJO!l, curation and exhibition of ffunicy, 
after consul! at ion \Vith the Navy, lhc Advisory 



Council and South Carolina SHPO. The Navy 
will determine whether the proposed facility 
meets the standards for long-term curatorial 
services. Once se1ected and approved, the 
curation facility will be loaned Hunley in 
perpetuity, provided they abide by the terms of 
the curation agreement. 

The state will receive all finam;ial b~n~fils 
and revenues generated by Ilunley's exhibition. 
This agreement does not obligate the Navy to 
commit funds to Hunley's management except 
Lhos~ for administrative duties under the 
agreement. This agreement may he amended 
or terminated, except for those sections that 
determine tit1e and custody and location for 
curation and display. 

FUTURE 

The future for H.L. Hunley is promising, 
with creation of the partnership between Lhe 
State of South Carolina and the Department of 
the Navy, and development of the 
programmatic agreement that clearly outlines 
administrative procedures and responsibi1tties. 
Also favoring the submarine's protection and 
preservation is the intense inlere!::ll and 
commitment of r.he State of South Carolina's 
elected officials, including hoth those in rhe 
state 1egis1ature and the United States Congress. 
Creation of the Hunley Commission has 
provided leadership at the highest level. This 
leadership will be essential in lor.;ating und 
securing financial resources and ter.;hnical 
expertise necessary for llunley to be raised and 
conserved. Many questions remain concerning 
feasihility of an archeological investigat1on, 
recovery, conservation and an eventual exhibit. 
The programmatic agreement between state and 
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federal agendes, however, insures that any 
plans will be properly reviewed and hasty 
actions that alight jeopardize the submarine will 
be avoided. 

SUMMARY 

The discovery of Hunley was fraught w1th 
controversy and a potentially costly and timew 
consuming legal battle over ownership was 
narrowly avoided. Similar·controversies and 
disputes over ownership have arisen with other 
naval shipwrecks. Issues of federal ownership, 
management, and administration that arose with 
the disr.;overy of Hunley emph;;~::;ize lhe 
importance of early coordination between state 
and federal agencies. 

Once elected representatives become 
involved there can be intense pressure put on 
stale and federal agendes. As in the C<:l!:ie of 
Jlunley, their involvement can directly benefit 
the resource 1f they are provided with accurate 
Information about site management and 
protection. When there is an attempt to 
circumvent established laws, however, there is 
potential for chaos, Wllh potentially dire 
consequences for the archeological resource. In 
the end, the NHPA protected Hunley and, 
politics aside, the system worked to forge a state 
:md federul ::tlliance. 

The case of Ilunley 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 impo11ant to cons1der their 
administration and that the protection of 
information such as locatiou is ctlucally 
responsible arul justifiable under the law. 



CHAPTER3 

Research Design 

Daniel J. Lenihan and Larry E. Murphy 

RESEARCH OI!JECTIVES 

1) Confirm identity of the reported vessel 
remains located at coordinates provided by the 
Naval Historical Center (NHC) as that of H.L. 
llunley; 2) Document the site to the extent 
conditions permit; and 3) Evaluate feasibility 
of excavation and removal of the vessel remains. 
It should be noted that normal behavioral 
problem domains will, in this case, be secondary 

to the prime objective of identity confinnation 
and evaluation of recovery feasibility. The main 
exception will be investigation of site formation 
processes - efforts will be made to isolate 
cultural dynamics from the natural processes 
thar 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 
to the 1996 field project, which is why it appears 
in the future tense. lt presents an 1deal strategy 
that assumed instrumentation and personnel 
would be made available, and there would be 
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no mnjor delays in logistics or weather. The 

initial proposed operational period was reduced 

by a week due to logistic problems and fundmg 

delays. The principal investigators and field 
director determined which priorities identified 

in this design would be kept, and which 
sacrificed, to meet core mission objectives 

identified by the NHC and the Hunley 
Commission (the commission). 

RESEARCH METHODOLOGY 

NONINVASIVE STAGE 

Investigators will examine the site with an 
array of remote sensing instruments to 
determine the nature and distrihution of cultural 

remains and to define the geological matnx of 
the site. They will gather other environmental 

information appropriate to understanding 
engineering constraints on recovery of vessel 

remams. 



Instrument Cuvcrag,c 

Investigators will Jcfinc a block that 
incorporales suspeclGll 1/unLq .. remains and 
residues ofUSS flousaronic and subjcc[ the arctl 
to high resolution mae,nctometcr coverage. This 
IS to be conducted on ten-meter tnmsecl sample 
interval with appropnutc lie l1ncs. ln nssocwtion 

with magnetics, acquire bathymetry and 
Rox.Ann bottom classification data (e.g., sand 
type, rock, gruss) in a formal appropriate for 

Geographical InformatJOn System (GIS) 

display. 
A prcdisturbancc survey will he conducted 

including intrasac sub-bottom prof!ler With 

Edge Tech X-STAR chirp profiler mo1mted 

on a sled and pushed by divers. [Note: Divmg 
conditions did not allow usc of the sled; intrasitc 
sub--boHom profiling was accomplished by 
towing the instrument on fivc-mcler transects 

over· the srtc: I The oh.Ject!ve rs to profile the 

hull ancl strata, including possible sur race scour 
and evidence: or bu11cd wrc:ck-contcmporary 
scour. Then; may he shell layers that dirllinish 
profilcr rGsulution. The study area wdl be 
surveyed by dcpth sounder and side--~;can sonar 
to locate surface fc<ttrrrcs in the irnme(\iatc area 

and to ascertam rf the sedunent covering the 

site is arromalous to lhD general mea, which will 
be an important factor for reburial and site 

monitoring. Areas surrounding hull will he 
!;ystematical!y examined with rnetal detectors 
and a hand--held cesiLuumagnctomcU:r supplied 
by Geometries, (nc. through the lnstitule of 
Nautical Archaeology, Texas A&M 
University. Anomalous areas will be flag.ted 
;urd hand··fanned or probed, and any ma1c:rial 
located Wlll be tccordcd m srtu and rnapped. 

Convcnriontll boat towed instrument passes 
of tlle sub bollom profilcr will be made. to 
dclcrminG sediment matrix of Gultural materials 
in the general area of the excavation. This will 
be important for the eventual recovery phase. 

I(, 

The instrumentation and post-processing of 

these data to be provided by source othcr tlum 

thr.: Submerged Cultural Rcs:ottrcl:s linn 
(SCRU); however, SCRlJ will provide f-lOSi­
tioning and will be responsible for integrating 
infonnalion derived from this suurcc into the 

final ceport. 
All mstrument coverage to be positioned 

w1th ddlerentwl UPS (DCiPS) provided by 

SCRU. 

(Jenera! Sediment 'l'ransulli1Hn!u 

Sediment tran1;port processes will be 

ex. ami ned for determination or present and 
future stability and to provide background for 
df:Ienmnatwn of best short-tcnn stabilization 

procedure for site after excavatmn. 

Cur1ng 

Short, hand-dnvl:n cores will be used ncar 

the site and Hl suf11crenl distance ln determine 
mrrl1iGnl conditiorrs and s~dimcnl composition. 
U possible, !ongc1 cores may be taken and 
analyzed for aiding sub-bottom profile data 

inlcrpretatJon. Sub bottom profile data 
rntcrpretalw11 sho1Jid provide a reliable 
str at1gn1phic profi !e of the immediare nrca and 
delineate any wrcck-gcncr atcd features such a.-; 
scour an:as that would in!'onu or1 site for111ation 
and burial history. 

Core wmlysis should irre!udc stwtigraphic 
profile and constituent analysis. If University 

of South Carolina support is available, 
ntdiornctric analysis e10l)b U!ld ll('(~c) should IJC 
done. Thrs analysis will provide an accurate 
Indication of sediment disturbance depllr for al 
least the last 50-- 100 years. Core analysis is 
necessary to produce information 011 burial 
history, corrosion lw:to1y ami fo1 

rccommcrJt.lalions as to the best li!Cthod for 
CIJSuring in situ stabilization. 



Oceanogr~phic Data 

Wave height and pe1iodicity averages and 
peaks need to be determined. Prevailing 
CUJTents 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 available, data will be incluclt:d 
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 controlled by an in­
water archeologist who will be responsible for 
recording the nature of sediments they are 
passing through, ensuring that they arc not 
artifact hearing or cultural strata or that the site 
1s being unaccepwbly impacted in the sediment 
removal process. Purpose of removal 1s to 
expose enough of lhe site to confirm its identity 
and permit in situ mapping and documentation. 
Spoil will he deposited around the hull for 
reburiaL Dredge exhaust will be placed so as 
to mmimtze loss of sedimentary fines so they 
can be used for reburial. 

Because hull remains reported by the 
National Underwater and Marine Agency 
(NUMA) discovery team are full of sand, 
extreme care must be taken to nol undercut 
p01iions of the site in a manner that would allow 
intemal wetght 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 minimal impact documentation. If at 
any point the process is deemed to be too 
destructive to the resource, the co-principal 
investigators (Co-Pis) or field director (FD) will 
have the authmity and responsibility to halt the 
operations. 

Dming excavation, hull encrustation will be 

closely monitored for: 
a. any breaches in hull; 
h. color changes that may indicate various 

levels of corrosion and would isolate corrosion 
sample areas: 

c. evidence of buckling or distortion -
intact encrustation indicates the area is stahle 
and features are probably wreck related; 

d. cracks in encrustation, plates or scams, 
especially ones that appear recent or occurring 
as a result of excavation, especwlly if fine hlack 
or rusty sediment is present or small gas bubbles 
are released, whi<.:h indicate 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 feutures. 
Excuvation extent will be determined by 

conditions on site by the Co-Pis and FD. If the 
hull appears to have sufficient integrity, the 
upper surface will be completely uncovered. 
The bow and stern will he excavated for 
examination and documentation. [Note: A field 
decision by the Co-Pis and FD reversed this. 
The rudder, propeller shroud and screw were 
left undisturhed, and the bow was excavated 
only enough to examine for presence of the 
torpedo spar or fJttings. Investigators were 
concerned that they inadvertently ha1m these 
delicate areas given the ve1-y low visibility 
diving conditions.j It may be inadvisable to 
t:ornplctely excavate the lower hull because it 
may shift unevenly and cause damage. Some 
examination of the hull is necessary to assess 
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tntegr-tly and ac\JVC corrosioulcvd. Appropriate 
procedure will be determined through oo-sttc 
analysis. 

Post dive ob~;crvations will he recorded by 
each archcolor,ist trnmcdiatcly after each 
cxcavat1on dive and added daily 10 the daily site 

log. Any acc:cssihlc inlet !Or areas will be 

sampled at kasl for dissolved oxygen and pll. 
If possible, intcrslilial water \1/lll he t:ollcctc:d 

from interior sediments for laboratoJ"y mmlysJs. 

Documcrrtation 

A series of documcntuuon icclmiqnes will 
be employed on the site after 1t JS l'ully 
uncovered or in slar,cs dr:pendrnr; nn l'icld 
jndgmentc: rcgardtng SJ[C rragdJty. Photll all([ 
vrdco tmaglllg will be part of the tool kits 
cmplnycd although it is recognized that low 
visibility conditions will cnrnprornisc results 
usine lhr:sc tcchrrJqul~S. 

Conventional Mapp1ng 

Uudcrwalcr archeological mapp1ng 
spccwlists will be rnade available by SCRlJ 10 

draw in detail porl!on.<> of llw site exposed 
throuth excavation 

Standmd Phrrto DonrJncntation 

SCRU stall photogr;.1phcr will usc a series 
of fi im uml lighting fOl"lll;.t[S to photograph 
rcmams whcrr exposed. f Note: Still photogfaphy 
was also accomplislu:d by South Carolina 
Institute of Archaeology and Anthropology 

(SClAA) staff and a vnllmtcer·towwd the end 
of" the projCC( aS Water COnditiOnS cleured.f 

CtHrvcrgcnt I)IHllogrammctry 

To be douc using film <.:aptun;d rcom video 
nr lilgrtal camera system, depending on 

C011ditiuns aud lugJslic constraints. rNole: 

IB 

Diving couditions did not allow use of tl11s 
tcdmique. 

Reburial 

Scdintcntologists w!IJ bL~ consulted to 
determine the bcsi procedure, whether to use 
spoil removed during excavation (diminished 
sedirnellt 1·1ncs may alter rcSl!S[JCllSJOn 

chmiiclensucs), excavate new material from 
aruund wreck Ui ii!lruducc 1deal exotic 
sediment. Dctefmination of appropriate 
procedure will he from :1 combmal1on of 

consultut!On with scdHl"lCntologists, ccmotc 

scnsmg dntu and on-site ohservatrnns. Post­
burral analys1s wtll be by high-resnlulJon depth 
';oumlcr survey to ensure area 1 s not anomalous. 
lf possible, area will be resurveyed one week 
after reburial to verify srnhilily. 

Corros10n/J ~~~ gi nccrin g Stuchcs 

a. Visual inspcctwn on site by a Navy 
salvage officer ami/or, if possible, a corros!On 
engineer Obscrval!ons of general slate ol 
cncrus1alion with anornaloJts areas Sl!Ch as 

cracks, th1n areas, escap1ng gas and 
disculonttion must Ill~ uolcd. During 
excavalJOn, hull will periodically be examined 
for cracks ancl escaping gas that reprcsenls 
dtsruption or encnrsUHJon thlll may mdicale hull 
clrstortron restrltinr, from scfliJltCfll rcrlrnval. 

b. Electrochemical status of huli1S to he 

determined by bathycormmeter measurements 
of spc:c1ric s1tcs. These s1tcs wi II n~qttim drilllnt. 

through encrustatwn or removal of small at"l~a. 
about 2 lllcllcs square, to obtmn a reading. Each 
rcadi1tg is takeu i"lll JllOic tl1an atlliJILLlc tu ublaiu 
u <.:table result. The pH data should be taken 

concurrently. High pH indicates f"astc:r 
corro!->ion activity Bnth rncasun..:rnenls .should 
be talwn periodically a1 dil"len~nl dr~pths as the 

drill penetrates Lhc cnCr\lstatHJil. Depth or 
encrustation to solid metal shollld he recorded. 



Collection of these data provide a baseline 
against which future measurements can 
derennine if corrosion is increasing. iNotc: Use 
of n pneumatic drill proved ineffective against 
the tough encrusting layer; therefore, these 
measurements were not raken.} 

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 visual and sensor data. A corrosion 
engineer is necessary to interpret data and 
characterize corrosion status, current corrosion 
rate and to assess potential for interrupting 
natural encrustation process in anticipation of 
vessel recovery. For example, installation of 
sacrificial anodes has been demonstrated to stop 
active cmTosion and initiate the conservation 
pror.:ess in situ prior to recovery. 

c. Ambient Environmcn.tal Measurements 
- Basic seawater anJ sediment data including 
temperature, dissolved oxygen, salinity and pH 
is necessary. Measurements should be made 
close to the hull and at a distance for 
companson. 

d. Biological Activity- Note presence of 
bun-owing fauna in seabed and encrustation. 
Dctem1ine species of colonizing communities 
and evidence 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 sulphate-reducing bacteria). 
Some samples of encrustation will be collected 
for microbial examination, particularly in buried 
areas. 

e. Metallurgical Status - Cast iron 
corrosion causes 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. Know ledge of current hull 
strength 1s necessary for planning appropriate 
recovery strategy. Detailed modeling of 
conosion rale of 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 vmiablcs. Cast iron 
and wrought iron corrosion processes arc 
~omcwhat different. Both cast and wrought iron 
were used in constmction of Hunley, and these 
areas should be examined independently. It is 
possible that the cast iron of the hatches may 
be in less stable condition. 

f. Determination of Burial History -
Questions ::;uch as "Has the site been buried 
continuously since its initial stabilization?" and 
"What is the nature of the surrounding 
sediments?" will be addressed because they 
affect the nature of recommendations for post­
assessment site stabilization. Por example, after 
excavation and hull documentation, what will 
be the best backfill procedure to insure 
protection and restabilization? Would it be 
better to backfill with removed sediments, 
which may lack fint:s; remove swficial sediment 
from around area to recover; or to impm1 exotic 
sediment or sandbags? Answering other 
questions like "Has the hull been subject to 
periodic exposure and reburial events as a result 
of natural processes?" may provide insight into 
hull stability and strength. An indication of 
exposure and reburial sequences may be 
presence of black hands within the encrustation 
whereas umform white encrustation indicates 
constant burial. Comparisons of Ilun/ey hull 
top, sides and bottom will be conducted if it is 
possible to do so without causing damage or 
negative site impact. 

Report 

Generation of the final written report will 
be SCRU's responsibility, \vhich will involve 
integration of all infonnation generated from 
the survey and include contributions from all 
appropriate investigators. It should be noled 
that much of the processed data will be besl 
displayed and understood m electronic formats. 
Such information will accompany the written 
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n.:porl m Lap~. CD ROM or other appropnntc 
media. The final report will be completed and 
!'orwan.kd to the Navy for transmitt<il !o the 
commission. 

'!'here will, however, be a lll!lllbcr or stages 
of prelilllinary reporting in which most of the 

survcy results wdl be released as soon as they 
can be made available 111 draft form. Some or 
this will occur before the tcant leaves 
Charleston. This includes dntft tmag(;s, 

prelirmnary evaluation of the site by project 

personnel, select raw video footaee and other 
items that shotlld allow the Navy and the 

comm1ssion to proceed with their planning and 
execution uf the next phase of the lluniey 
Proj<.:cl. 

I. Overall nuthurizaliou o!' proy.:ct and 

dcc1siou on ultimate disposition of llunli~J' 

remains: Dr. William Dlldlcy, lJS Navy and 
Senator McConnell, llillrley CommJsSJOII, 

2. lJmlxclln urchcologicul responsibility for 
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all phases of 1/wdt:y pmr;ram from compliance 
and rnandatc ISsues tltruugh evcntllld recovery 

und display: Dr. Robert Ncylaud, Naval 

I-!iston(.;al Center and Christopher Arucr, South 
Carolina lnstilutc of Archaeology and 

i\ nt hropnl ogy, 
3 Cn-pnnc1pal 111 vcstigafors for the present 

as>;essmcut phase or the project: Danwl J. 
Lcnilllllt, Prognutt Mmmgcroftltc Natiuttal Park 
Service's Submerged Cultural Resources Unit 

and Chnstophcr Amcr, Deputy State 
Archaeologist for Underwater, South Carol in<~ 

lnstitulc of Archaeology ami Anthropology. 
4. Field Director: Larry E. Murphy, on­

site respcmsJhllJty !'or all fieldwork. 
5. D1 ve Safety and Accident Management: 

'1 'l1e NatioJtaJ Park ScrvitT will rrrourtla111 control 

of eli Vl: sr ll: for safcl y and <!C(.;Hlcnl Il tanagerncnl 
purposes and will develop appropriate system 
for transfer of accident victill1s to Coast Guard 
or other evacualJOll principals and c.stablis!J 
protoct)! wil!J South Carolina pcrsunnd lo 

Cl!surc uwximum saJ'cty and efficiency at the 

dive silc. 



CHAPTER4 

Historical Context 

Richard Wills 

The submarine emerged as one of the 
world's premier military combat and deterrence 
weapons in the last century. However, it wasn 'l 
until the end of lhe 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 series of 
decisive events m which American 
technological and tactical experimentation 
figured prominently made this development 
pos!:>ibh:. Americans first used a submersible 
vessel in combat against an enemy warship 
(David Bushnell's Turtle); they developed the 
firsr practical navigable submersible vessel 
(Robert Fulton's Nautilus); and they were the 
first to destroy au enemy naval vesselm combat 
with a submersible (James McClintock's H. I .. 
llunley). 

At the outset of the Civil War, the US Navy 
and the Southem Conrectcracy embarked on 
parallel paths of torpedo craft development that, 
while differing in the manner of execution, 
essentially comprised an early arms race to 
produce a successful offensive submers1ble 
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weapon .. While vessels like Piorteer, i\merican 
Diver, H.L. Hunley and others were being bui1t 
by enterprising im.li v1duals within the Southern 
Confederacy, .similar efforts were being 
undertaken within the Union in the form of 
Brutus de Villeroi's Alligator, and Scovel S. 
Meriam and Oliver Halstead's Intelligent 
Whale. One of the original missions outlined 
for Mligatnr was to face the ironclad CSS 
Virginia at Hampton Roads, and if not for 
logistical problems, the history of this 
engagement may have been quite different. But 
while the Union cffons were not as successful 
as those of the Confederates, they did capture 
an equal degree of official naval interest in terms 
of funding, research and development. This is 
evident in the construction record and in the 
extent to which Union and foreign agents went 
to gather intelligence on the Confederate effmis. 
By the tum of the century, ,o;nhmersihles finally 
received recognition as a viable (though often 
misunderstood) component of naval wa1iare. 
The American Civil War suhmer::;ihle record on 
both sides inspired the next generation of 



Amcncan submarine vtsinnafies, parricular!y 
John l>hdltp Holland and Snnon Lake, and >;el 

the StUge for !he future Ctfll;!geoCC o]" <Ill 

Amencnn unvul-mdustt ial complcx. capable of 
dcsiguing and delivning operational 
submarint~S to 1he liS Navy 

I'REUJDE: ANTIWJ\LLUM 
AMEIUCAN SUillVIERSIBLE VESSEL 

llEVlcl,Ol'MEN'J' 

The concept of a vessel capable ol 
submerged navita1HH1 was not a new Hlcn 111 
Amct tea whcrt the Civil War bcgatl. AtllCrJcarts 
had previously attempted to usc submcrs1ble 

vesseL; to help fttlldl mtli1ary ll!tns wHh vur-ymg 

dq~rccs of unsuccessful performuncc m both the 
War for lndependcncc (Abbot 19(l(l; Mur ga11 

1972: 1499- I 5 I I ; Rohmd 1978:62--88) and the 

War of 1812 (Ficid !908:7] 76; DeKay 
1990: 131; Dudley 1992:211 212). Robt~rt 

fulton's Nautilus successtully dctntlnstrured 

that n stable platform capable of ~ustaiw:d 
underwater rtavigation could be corrslrlJcted <lrld 
employed to llltcl military objectives (Parsons 
1922; llutchcon 1981 ). 

flowcvc~r, before deployment or a manned 

:>ubmcrsiblc vcs:;el in combat could rcnl:lr 11~ 

potential, three pan1llel tcchmcal reflnL~rnents 

needed to reach matunty. the platfDnll, the 

weapon employed by tht: platform and the 
taclical systcrn of weapon del!vc:ry. The 
definition of the .~ubmcrs!ble':' rolt: rclat1vt~ to 

the larger m!lnary and naval strarcgy r·crnaJrred 
largely unchnne,cd. Suhmcn:ihles were 
generally constdcrcd comp;~trhle wttllrn'ctrrHo 

and coastal defense ;tnd He,Hrnst enemy 
blockading naval vessels, as had bcc;n the; 

ob_jcctivc of such vessel::; m both the W,tr lor 
fndcpcndcnce and the War or lB 12 

Dctwcer1 1814 and 1861, the Arnenc1n 

shoemaker l.odner Plnlltps (Field 11JOS:80 S2; 
Cirusc llarns 1082), the l:rench engineer Hnttus 

de V!lleror (Luraghi 1996:251), and o1lwrs 
worked to 11nprove upon Fulton'~, 

'Y! 

l'ut1clarncntal1y SOllJH! dcsir,n \)ttnnr, thts period, 
advances had been mack~ 111 inr supply storage 
and tcplenishn!Glll, ballast conhguratitHl and 

regulation, COtlf'iguntliou of JlJl)V<thle surfaces 
fur ste~ring and tkplh control, and 
lllS!rwncn!alion for navigation and depth 
control Perhaps the greatest pmblem rcmmmng 

was to devise a sdf-pnwr:rcd propulswn system 

capable of opcnllion wit ilL> nm11ing sul)Jttcrgcd. 
Bu:;hnc!l had designed into his wssd lhe new 
innovation of hand powered "oarfsl. . based 
upon lilt~ pnnc1ple of the screw" (Morgan 
I 1)'1'). 1503), whrch appears 10 have he Gil lhc 

earliest w;c o!' scn.:w pmpulslOu lll watcrcrart 
(Abbot 1966:44). Propulsion systems superior 
tu haml power wen: sotrtlll, and allh<Hl£:h 

several dual pmpuls!On systems \VCre proposed, 

Jlldudittg Fulton',; au;;_tlimy sat! cnnccp1 a11d 

AI still's elcctrontagnctic dn vc urtil, lwnd power 
rcrnamcd the primary propulsion for American 
vessels btlll! ht;forc and dt~nng the Ci vd War. 

I htring th1s ltmc, work also pmwessed on 

wct~pons systems. J:ar-rcacl!tng advatJccmcnts 

011 developing ga!vallic:dly controlled 

underwater cxplusi vc weapons were made by 

Samuel Colt in the 1840s, building upon tlte 
work ol- Hushnell, Fulton, "Elijah Mtx, Mo.c;cs 
Slutw, l~obert llarc nnd thctr F·:uropean 

contcmpuraries. ln parltcular, Cull rcJ'ined 
colrlact detonators, n.:mntc eil:ctrical f'irc control 

systems and multicc!l voltage storage batteries 

(J.und~bcrg I 1Y/4). 
/11 terrns of explm:1ve W(·;apon Jac!ical 

del!vcry, tlnec general methods were 
recognrt.ed: use of a ttme~clelay explosive 
ch<u·gc (hasrcally 1.1 lmtpel nunc) earned on the 

nutstdc of tl1e boat and manually attached to 
till' lr11ll ot· the; t;nemy vessel, stu:h as r;mployed 

by Bushnell's "l'unli:; 1owine of a contact 
torpedo rn til(~ wake ol' tlw torpedo craft til whtch 
the rdca was to detonate the charge by diVIne 

beneath the wrget1n such a way that the clwrr,c 
would collide with rhr taq~et; and the bow­

nltlllnted spa!' torpedo concepl Ol"Jf_',lrWted by 
Fultor1. McCI1rrtnck's scnes of boats would 



utilize all three methods at various stages of their 
progression. 

CIRCUMSTANCES THAT PRODUCED 
H.L HUNLEY AND ITS 

PREDECESSORS 

The American Civil War was the first major 
armed conl'lil:t to r~;;ap the benefits of the 
industrial revolution. It saw the pradical 
utilization of screw-propelled warships powered 
by steam, ironclad warships, torpedo craft, 
underwater and subterranean mines, rifled 
ordnance, troop movement by rail lines, 
telegraphic lines of communication, and even 
reconnaissance aviation. Some historians have 
succinctly described the Civil War as "the only 
occasion in the course 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 
waters" (Luragh1 1996:61). Confederate States 
Secretary of the Navy Stephen Mallory, 
confronted by an overwhelming enemy naval 
presence, countered with a fourfold strategy 
based upon "technical .surprise" that utilized 
armored vessels, rifled naval guns, steam-driven 

commerce destroyers, and submminc torpedoes, 
or what today are called mines (Luraghi 
1996:68). Development of specialized vessels 
to act as offensive torpedo delivery platforms 
can be categori7.ed as a variation upon 
employment of submmine torpedoes. Three 
general classes of such crnft emerged, 
comprised of traditional surface craft, steam­
powered .semi-submersible boats (or "David 
boats"), and hand-powered boats capable of 
complete submergence such as II.L. Hunley. 

Submersible development on both sides 
hegan as early as 1861. :Gut whereas the US 
Navy's submersible efforts were laboriously 
slow and generally less successful than those 
or their Southern counterparts, within the 
Confederate States there quickly emerged a 
somewhat more widespread, independent 
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interest in submersible constmction that 
localized in a numb~;;r of coastal and riverine 
cities. Part of the reason for the rapid 
Confederate submersible progression \Vas that 
while Union development was burdened with 
conventional bureaucratic processes of Navy 
contracting and evaluation, Confederate efforts 
were able to benefit from a quick application 
of private initiative, which was in tum met with 
swift suppmt from a govemment unburdened 
with the traditional bureaucracy of the type 
existing in the North. 

Private Confederate initiatives were spurred 

by motives of nationalism and profit. A fading 
but stil1-remembered tradition of govemmenl 

sanctioned pri vatee1ing was revitalized through 
the issuance of letters of marque by the 
Confederate government. This approach was 

reinforced by Southern corporations such as 

John Praser & Company who placed individual 
and blanket bounties on the US Navy 
blockading squadron warships that were 
gradually gammg an ever-tightening 
stranglehold on Confederate maritime 

commerce. One of the approximately 50 

Confederate privateers ultimately authorized 
was James McClintock and Baxter Watson's 

New Orleans-built Pioneer, 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 States of 
America. Some of the Southern efforts soon 
found cooperative partners in the Confederate 

military. At least four Confederate boats, 
American Diver, Ilunley, St. Patrick and the 
unnamed vessel consrructed at the Tredegar Iron 
Works, were either built at government facilities 
or with the direct assistance of miJl[ary 
personnel. However, th1s cooperation may have 

later caused unforeseen ramifications for the 
initial sponsors when some, like McClinlo'.:.k's 
llunley and John P. Halligan's St. Patrick, were 
subsequently seized by the military. 



ll is important to vit:w the work ot- the New 

Orleans coalition that built IlL flun!cv within 
the larg~r context nf such projects unUerU\lwn 

within the Southern Confederacy. BascU upon 
our present unUcrsLanding of historical records, 

ConfcdenJtc suhmen;ihle (:onstruc!Jon efforts 

were centered in J-our nrcas: at the T1edcgar 

bon Works in Richmond, Virginia (Ktmc 
195-'1:73-7-1; Perry 1965:92 9J; Coski 
1996: 116---121; Luraghi 1996:252), at the Leeds 
Foundry ill New Orleans, Louisiana (Robmson 

1928: 16G-I G"/): at the Park 8r T .yons Mach me 
Shops in Mohdc, Alabamn (Perry 1965:96; 
Ragan 1995); and at the Confederate naval 
facilities at Selma, Alabama (Schell 1992: 178-

181 ). The rnost sw.:ccssful would ultimately 
prove to be Watson and McClintock in New 

Orleans bucked by their core of financial 
supporters. Upon the fall of New Orleans and 
loss of their first boal, some members of this 

group relocated to where they built and lost a 

second boat. Ultnnatcly, th1s group would gtun 

a tactical success uJT Char!tston at the expense 
of loss of their third boat and some of at least 
three CfCWS. 

McC! JNTOCK, WATSON, Tl!lmt 
COALITION OF SUI'l'ORTFilS 

A Nil Till<: Ill IIOATS 

The con: of the submersible boat building 

program thut ultimately pmcb!Ced Pioneer, 
i\mcrican Diver and !J.L. !Iunley was fonncd 
by a group of New Orleans machmis1s and 
businessmen pcohably motiva!f'd hy both 
nationaltsm and the poss1bdiry of collecting 
pn:ze m01tey for rhc dcsrmcrion of enemy war 
vessels. The initial New Orteaus eroup 
consisted of machinists (oc "practH:al 
engineers") Baxte1· Watson iiiHI James 
McClintock; luwyer Hnd Deputy Collector of 
Customs 1-lnr/lce I. Hunley; custonls house 
employee John K. Scolt; Hltnl~y·s hrother-tn­
law Robert Ruffin Barrow; and pmmn1c1lt 
lawyer Henry J. Lcovy. These SJX men were 
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the dn ving force behind Pioneer's con~truction 
over the winter o!" jg()l-18Cl2 at the Lccd~ 

l ;oundry, ncar the Govcrnrnern Yard al New 

Basin. While the composition of this group 
would evolve somewhat over the next several 

years, it would be McClintock and (until his 

ckath) Hunley who would n.:main at its core. 

TilE F!RST AT!'EML'T: FIONlcJ<:ll 

Th~ effort to constnlct Pi1!1Wer was pos.<.:ihly 

alluded to as early as August J7, 1861, 1n the 

New Orleans Daily Delta (Kiocppd 1987:6). 

fn Fcbnwry l R62, their submersible was floated 

at the Uovenunent Yard at New B<tslll, taken 

up the Nvw Canal, and mportcdly undvrwcJlt 

tri<!ls in Lakt: Ponlchartraiu. According to a 
postwar leticr wrillcn by McClintock to fellow 
Confederate underwater war!"arc specialist 
Matthew Fontaine M<.~ury, duri1tg this 
.<.:hakedown, the boat sank a schooner and two 

\argcl barges by means of u towed torpl:do 

(Perry L965:95; Klocppcll987:6 9). On March 
:29, application was made by John K. Scou for 
11 f .cttcr of Marque and R~prisal as a privateer, 
wh1ch was 1ssued to J-'io11eer by Hunley's 

supervisor, Culk:ctor F H. Hatch on Mmcb 3 L 
umk~1 the aull!orJZHlion or C.S. Secretary of 
State J udall P. BeJJj<tiJlill (H New OJ!eatJS lawyer 
and arquaintaHL:t: ur Lcovy's). The Lctlcr of 

Marque records the vessel's name as Pioneer, 
and the vcssel!ypc as a '';.;ubmnritll~ propcl!cr" 
armed w11h a "ma~_;:-tzlne ol' powder." The 
llumhcr of cr~w rcqrured is lisrcd ns three, W!th 

John K Scol\ as vessel commander 1-'ion.ecr 

mcnsurccl 34 feet iu uvcrall lengtli, 4 feet J!l 

hcmn, drew 4 reel of water uod weighed 4tons. 
lL was painted hlm:k and had "rOlli1cl conical 
e11ds.'' 'I 'o obt u Ill Lht: I .ettcr of M urq uc <! surety 

ol $5,000.00 was posted by Hunley ami Lcovy 
(USGPO. Official Reco1ds 1B94). 

1-'ioneer nevc1 s<lW actioo, for less than a 
month later New Orleans lelltu lhc curnbincd 
lJS f"orces under Captain (Flae O!liccr) DavHI 
C. htrragut and Cicneral !3cnpmm F. Butlc!", as 



pm1 of the strategy to take the Mississ1ppi River 
Valley from Head of the Passes to Cairo and 
divide the Confederacy in half. Most likely 
sometime between April 24-28, 1862, with 
Fanagut and Butler at the door, possibly wh1le 
the levee front and shipyards were abla7.e in the 
destruction of any goods of material value to 
the enemy, members of rhe group either scuttled 
or hid Pioneer near the New Canal. At least 
three of the group, McClintock, Watson and 
Hunley, fled to Mobile, Alabama, with the 
intention of building an improved vessel there 
incorporating lessons learned from Pioneer. 

During the subsequent Union occupation of 
New Orleans, Pioneer was discoven:d, 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 1902:815-846). In 1868, Pioneer was 
sold for scrap at a puhlic auction held before 
the New Orleans Customs House (New Orleans 
Picayune, February 15, 1868, morning and 
afternoon editions). There has been a great deal 
of speculation regarding thi::; ve::;sel's 
dimensions and configuration, as well as 
whether or not a 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 document;;~tion 
have recently been brought to light by researcher 
Mark Ragan (US Navy Records, 
CoJTespondence of Officers below the Rank of 
Commander, National Archives). 
Docnmentatio11 uncovered by Ragan 
conclusively reveals that the surviving vessel 
is not Pioneer. lending further potential 
credence to a theory recently proposed by 
researcher F. C. Furman who suggests the 
Louisiana State Museum vessel may in fact be 
the submersible constructed at the Trcdcgar Iron 
Works (Harpers Illustrated Weekly, November 
2, 1B61;Klocppcll9B7:17;Coski 199C>:292ff). 
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TilE SECOND ATTEMPT: 
AMERiCAN DiVER 

Upon arriving in Mobile, McClintock, 
Watson and Hunley were joined in their efforts 
by engineers Thomas Park and Thomas Lyons 
of the Park & Lyons machine shops, who 
provided their facilities for fabricating 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 engineer William Alexander, an 
A1my lieutenant temporatily detached from the 
Twenty-first Alabama Volunteer Reg1ment and 
duty detailed at Park & Lyons. Upon 
completion, their vessel (named American 
Diver according to a Confederate deserter) 
probably measured 40 feet in length, 3Y2 feet in 
beam, and 4 feet in depth, according to what 
arc strongly suspected to be plans of it recently 
uncovered through the Public Records Office 
(PRO) Ill London (PRO Admiralty File 1/6236). 

McClintock later wrote that the original 
1ntention was to build a boat capable of 
mechanical self-propulsion, stating: 

To obtain room 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 modeled 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. . . . I 
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 
to get a speed sufficient to make the boat 
of service against vessels, blockading 
the port [Matthew Pontaine Maury 
Papers, Library of Congress 1968; 
Ragan 1995:22, 24]. 



'!'he obsC11rcd orir,in of thci r clcctmnlagnctic 

eng me has been the suhjcc1 or much conJCCittrc. 

Records JndJcute that during the boat's 

com:tJuctioll, Admiral l'ranklin Huchannn 

!Ilfornwcl Scc1·ctary of the Navy Stephen 

Mallory that "within the last week or ten days 

we succeeded 1n getting a man rrom New 

Orleans who was to have made the 'mar;nelic 

eng111e' by wh1ch 1t was to have been propelled" 

(Kloeppel 19H7:24). Th1s "man from New 

Orleans" may have been the ''l<'n.:nchnlan" 

referred to in other corrcspondt:nce, and may 

have 1n fact bl~en the mysterious figure named 

A!stitl (Schell 1992.168-171). At th1s sa1nc 

time in Mobile in 1863, Alslill's ekctnc·· 

powered vessel, .sontetitnes referred 10 as the 

American Ham, was also purportedly under 

con.slruction. i\ somewhat fanciCul sketch or 
thts boat appr.ared 1n !ltli]Jer's Jl!usrmret! 
Weekly of June 10, 1864. Sources regarding 

this v~.;ssl:l arc extremely sketchy, <md it seems 

likely that they arc actually referring lo the 

Amaiulll Dtvn, perhap.s confnsinr, Alstiti's 
proposed de.si~:;ns and prnpulwm c.~xperiments 

with his pmbnble work with the McClintock 
group Ht Park & Lynns (Schell J 992: 169--!71). 
Unfortunately, when it beeaJllc app<.trcut that the 

cleclrornagnctic engine was in<:apable of 
providing the neccs:;ary powcrrcquircd, it wa;; 

removed and a small, custom-budt steum plant 

wus lllStallcd in its place. However, that also 
was unusable all([ removed (Ragan 1995:1),) 

· l"hc JlRO (N .J ). ) plans include whHt appears 

to rc:present some sort oJ· self-propelli1lg motor 

UIJd also contains pig-1ron ballast, but may 

actl!ally he sl<lCkl~d elecl["le<ll sturnr;c hattenes 

in closed compmtments fore anct aft 1n the 
vesseL The PRO drawinr;s bear a close 

resemblance to the vessel represented m a 

postwar drawing by Haml made Ill the prc,;cucc 
of, am] b<!SCd ll[lOil illfmmaliOll jlfOVJdCd by, 

McC!JnltH.:k. l~<~ird, apjl<IJ"Cntly a.s:.:urrllrlg th<~l 
McCiwtock Ollly burl! Oil(.", boat 1n Muh1lc, 

suiJsequeJllly identified tl1e buat in th1s drawlnf_'. 
as "iht~ vc~;~;el that destmycd 1Jw tJSS 

-----

/lottsaronic" (Baird 1902:846). Because oJ"this, 

it has been commonly assumed that he was 

a1lempting to represent !lunley, when in fact 

he may have actually been skclchingAI!Iericwt 

J)iva. Jn a response 10 13an"d's anic!c wrillen 

shorlly after it appeared, Alexander nused /Ul 

ObJection lo this identifi<:<ILJon, !loting of" tile 

questioned drawing thal "aJ"tcr the capture of 

New Orleans McClintock went to Mobile and 

built the submarine in Plate l. l don't know 

where McCimtock is Jivinr,, lmt hope he will 

<!SSISL in correcting tlus error'' (Ragnn I 99.'1:2.'1). 
Unronunatcly, McCiinto~.:k was never able to 

coHect the record; he wa~; killed in Boston 

Harbor Ill 1879t!t an accidental explosion while 

demonstrating some of his U!H.Icrwate! contact 
mtnc designs for the govcrnn1ent (Ragan 

109S:Hi4). llut whik M<:Ciintoek d1d not 

,;ttrvJvc long enough to answer Alt:xander's 
request, the PRO drawings :;ecm to confirm lhc 

accuracy or his ntemory rer,arding the design 

of his second boat in the form or· his letter to 

Muury and his desniptlon as relayed to !Jaird. 

Anumcun 01verwas floated in Mobile llay 
tn February l g(j)_ ll was towed off Fort Morgan 

with the i11tent1on or manning it there and 

attuckmg the Umnn fleet, but as the weather 

grew worse aod Lhe sea became mur,h, 1he boat 

became dillicult to mamtg<.:, filled w1th water 

and sank. No liws were lost in this mishap, 

bu1 1he Confederate submariners had been 

dcpnvcd or another vessel in which they had 

1nves1r:d much eHot 1, l1 rnc and funds. 

l'llf'. THIRD Arl'EMI'J': IlL ff(JNLFY 

Me< :lmtod and llunlcy's group would not 

bl~ diSCouraged. 1 ;inancially strapped, they sold 

shares 111 tin; third ventme to the Singer 

Submnnnc Corps, C(llllpmcd or (~neinecrs E. c. 
Smgc1, R. W. Dunn, Gus Wh1tncy and J. D. 
]{ r en man. Hunley he~ It 1 mw-1 hi rd t 11' 1 he shares, 

S1nw~r one-th1rd, will1 the lastthml split an1ong 

the others (l~ugun 199":1:2()). Uun11g lhe hoal's 

consln!C[ion, f ,Jcutcnant Alexander W<lSJOlHCd 



by another Army assignee to th1r:; detad, 

Lieutenant George Dixon, also of the 2P1 

Alabama. Dixon and Alexander were veterans 
of Shiloh, and Dixon IS known to have sust[lined 
a serious leg wound there (Ragan 1995:28). 
Deciding against constructing another 
submarine on a plate by plate basis, the 
engineer~ obtained a long, cylindrical steam 
boiler that they lengthened, deepened and fitted 
out lo accommodate a crew of nine. Some 
sources desnibe the boiler used as being from 
a steamship, others say it was from a railroad 
engine. The boat was launched in July 1863 at 
the Theater Street dock (Figure 4.1 ). Before 
Hunley's asphyxiation and the subsequent 
naming of the ves.sel for him, this vessel was 
sometimes referred to 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 
1995:30). Years after rhe war, Alexander 

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

We decided to build another boat, and 
for this purpose took a cylinder boiler 
which we had on hand, M~ inches in 
diameter and 25 feet 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 fore and aft, to which 
were attached bow and stem castings, 
making the boat about 30 feet long, 4 
feet wide and 5 feet deep. A 
longitudinal strip 12 inches wide was 
ri vetcd the fulllcngth of the top. At each 
end a bulkhead was riveted across to 
form water-ballast tanks (unfortunately 
these were left open on top); they were 

used in raising and sinking the boat. In 

·~~·· "" ..., -~-· 

Figure 4.1. ConraU Wise Chapman's contemporary painting of the submarine 
HL. Hunley (from Charleston's Maririme Heritage, 1670 -1865, P. C. Coker 
111, 191-:7, pg. 267). 
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addition to these water tanks, the boat 
was ba1lasted by flat castings made to 
fit the outside bottom of the shell and 
fastened lhereto by "Tee" headed holts 

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. 

ln connection with each of the water 
tanks, there was a sea-cock open to the 
sea to supply the tank for sinking; also 
a force pump to eject water from the 
t<:mks into the seu for raising the boat lo 
the surface. There was also a bilge 
connection to the pump. A mercury 
gauge, open to the sea, was attached to 
the shell ncar the forward tank, to 
indicate the depth or the boat below lhc 
smface. A one-and-a-qumter-inch shaft 

passed through stuffing boxes on each 
side of the boat, just forward of the end 
of the propeller shaft. On each side of 
this shaft, outside or the boat, ca!::ltings, 
or lateral fins, 5 feet long and 8 inches 
\vide, were secured. This 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 smface at will, without disturbing 
the water level in the ballast tanks. 

The rudder was operated by a wheel, and 
levers conne<.:ted to rods passing through 
stuffing-boxes in the stern castin('S and c• 
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 
sh::~ft 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 turnmg the 
cranks. The propeller shaft and cranks 
took up so much room that it was very 
difficult to pass fore and aft, and when 
the men were in their places this was 
next to impossible. In operation, one­
half the crew had to pass through lhe 
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 two hatchways- one fore 
and one aft- I 6 inches by 12, with a 
combing 8 inches high. These hatches 
had hinged covers with rubber gasket, 
and were bolted from lh(; 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 dose top 12 by 18 by 4 inches, made 
to carry a hollow shaft. This shaft 
passed through stuffing hoxes. On each 
end was an elbow with a 4 foot length 
of one 1-2 inch pipe, and keyed to the 
hollow shaft; on the inside was a lever 
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 bont to dive under the vessel 
to be attacked, towing the torpedo with 
a line 200 feet 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 too near the wrong boat. We 
then rigged a yellow pine boom, 22 feet 



lont and tapenne; lh1s wa~ au ached to 
the bow, banded and guyed m each side. 
A socket on the torpedo secured 11 to 
the boom (Alexander I !)()2_1. 

ln a letter lo the 8nllsh Navy in Halifax, 

Nova Scotia, dHtcd 187), James McCIJnl(lCk 

describes the lmat as having "a!l Elliptical 
Shape, with modeled end~;. And looked :;imilar 

to Surf, or Whale Boats, placed one on top of 

I he other. ~he was Built of Iron 5/8 1nch th~t..:k. 
riOieet long top and bottom, 4'2 inches w1dc in 

the nudcllc, & 48 im.:hcs high, fitted with Cranks 

Gr.:ared to her Propr.:llor, awJ tumr.:d by 8 persons 
inside her" (Public Records Of!'icc, ADM II 
6236) 

The boat was to be shipped by I'Jatcm to 
Charleston, Soulh Carolina, for anti blockade 

duty under the command or General P. U. T. 
Beauregard. Whereas Mobile's defenses were 

well t-ortiried, Charleston was sullcnne U111h:r 
a much rnore ~cnous siege. Charleston's coastal 

w :Hers I lillY also I 1avc pres~ntcd anton: desi rablc 
operating environment, e;;pccially in 1crms of 

greater depth l'utlhcrmore, Charleston's 
Uencral Beauregard looked favon1hly upon 
uHcunvcntional weapons, while Mobile's 

Gcucrnl Dabney l-l. Maury aud Ad1niral 
Fn.111klin BuchaiHlll wen; not so opeu-mmded. 
Finally, the move was undoubtedly encouraged 
by lhe bounties being placed up011 naval vessels 

of the South Atlantic Blockading Squadron. 
The submersible was shipped to Chark:ston in 

August I ~63. 
In a ll:ttcr "mflicted" upon his l"iancC, I J. 

George G1!"t CSN of CSS Gaines described how 
be had "b~en employed during the past day or 
two 111 hnistirre out of the wntl~l· ami scmli11g 

away lOW<l1ll Charleston ll very curious muchrnc 

for destroyir1g vessels," which he describes: 

In the first place 11nagmc a lugh rm~ssurc 
steam boder, not quit~ round, say ·1 i"cct 

in diameter in oue way anti 3Y2 feet the 
other- draw each eJJcl o!" the bmler 
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down to a sharp wedge shapc~d pumt. 
Th(; 4 feel is the depth of the hold and 

the :w2 feet the breadth of beam. On 

the: bollmn of the bout is riveted an iron 
keel WG1ghir1g 4,000 lbs wlueh tllrows 

the center ol gruvity on or1e sl(lc and 

makes hl:r swim sleadi ly tit at sH.!c down. 
On lop and opposJtc the keel lS placed 

two man holl: plates or hatchc:s with 
heavy glass lopt;, ThL~sc platr.:s arc water 
tiL::hl wh(:n covered over. They arc just 
lu1·ge enough for a man loco m and out. 
At one end ts filled u very neal little 

propeller 3Y2 fcc\ m dnunetcr worked by 
men sill111g i11 the boat a!ld tu1 ning the 

shaft hy hand cranks hcing fitted on it 

for that purpose. She also hus a Juddcr 

<111d stceri11g appar<Ltu~;. 

Embarked and under ordinary 
cin:runslanccs with men ballast, etc., she 

floats about half way Olil or the water & 
rcsclnblcs a whale. Hut when it IS 

necessary to go under the waler thr.;rc 

arc apartments mto whrch the water lS 

allowed to !"low, which r.;auscs the boat 
to siuk to a11y required depth, tile same 
bciug accurat~ly iudicatcd by n column 
o!" mercury. A1r is supplied hy 111eans 
ol" pipes lhalturn up until they get llcluw 
a depth of 10 l"ccl, when they Hlusl 
depend upu11 the supply carri~:d down 
wh!Cil is sufficient for :1 hour~;! D11rmg 

whJch lllnc she could huvc been 

propelled 15 miles! Behind the buat at 
a distance of JOO to 150 feet is towed a 
plank and under that plank is attached a 
lo1 [JL~do with say I 00 lb ( 11' t 1uwder. Tile 
SlL~crsman hu,; a str111g by wh1ch he can 

explode the torpedo by g1 v1ng 11 a JCrk. 
1 saw them explode a vessel as nn 
cxpclilllenl. Tl1c:y appmacl1t.:d with1n 
about fi!"ty yards ol· her kccpmg the man 
holes just a hove water. At that distance, 
she the suhul:tl"JIIC sank dnwn and in a 



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

Hunley's d1mensions vary somewhat 
depending on which account is consulted. 
When put into a table form (Table 1.1) alongside 
dimensions recorded for the other boats and 
compared to reliable documented 

measurements, these dimensions can be 
evaluated for their relative accuracy. 
McClintock emerges as being consistently ncar 
the mark in his recollections, if not slightly 
conservative. Gift is not far off either, whi1e 
Alexander (who in all faimess cautioned forty 
years after the fact that "all dimensions are from 
memory") is somewhat further off the mark. 
Interestingly, if the PRO drawings are to be 
be.Iieved, they suggest a much closer 

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

Vessel . I ength " Beam Depth 

"34 feet" (Scott!USGPO) "4 feet" (Scott!USGPO) "4 feet" (Scott!USGPO) 

Pioneer "35 feet" (USN drawing) "4ft diameter" (USN "4 ft diameter" (USN 
drawing) drawing) 

"30 feet" (McClintock) 114 feet" (McClintock) 

"30 feet" (Baird) 

"40 feet" (PRO) "42 inches" (PRO) ''48 inches11 (PRO) 
American 
Diver "36 feet" (McClintock) "3 feet" (McClintock) "4 fed' (McClintock) 

"about 25 feet11 "[about] 5 f~:ct" "[about]6 feet" 
(Alexander) (Alexander) (Alexander) 

39 feet 5 inches 3 feet I 0 inches 4 feet 3 inches 
(1996 survey) ( 1996 survey) (1996 survey, 

H.L. Hunley approximate) 
''40 feet" (McClintock) "JY2 feet" (McClintock) 

~'4 fed' (McClintock) 
"3Y2 feet. .. breadth of the 
beam" (Grft) "4 feet. .. dcpth of hold" 

(Gift) 
11about 30 feet11 "[about]4 feet" 
(Alexander) (Alexander) "( about15 feet'1 

(Alexander) 
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relation~hip in dt~~ir;n hclween McClintock's 

second and tltinJ boats t!um has previously bc~:n 
suspected. 

Following its arrival in South CarolirHl, the 

third McClintock dcsrgncd boat experienced 
O}lCrational difficulties, twice being accidently 
lost in Charlcstoll llarbor with fatalities, nncl 
twice bcine ~alvat.NL The first incrdcnt kilhl 

lrvc.; members or the N<rvy crew of uinc; most 
were volunteers from CSS Cliicom and CSS 
Pal111elfo Strm~. Followm.e; thrs l'inJ accrdent, 
tlw milttmy sent a request to Mob1lc as long for 
people more ramdiar with the boat to cornc to 

Chmlcstor1 and take over the vessel's operation 
upon rts rccovvry. Boracv Hunley, Thomas 
Park's son (also narned Thomas hut often 
misidentified as hrs father), nnd approxumnel y 
six or so orher voluntc:.:ers, probably mcchar!lCS 
how the Park & Lyons shop, answered the:.: call 
artd spent some time p.utling the boat through 
"(h vmg and raising" te~;ts. When it finally 
~lppeared to observers that all the vessel required 
was experienced hands, the boa[ suffered 
another terrible disaster. While rurlllrng 
submerged, Hunley, acting as vessel 
c:.:onunauclcr, made a simple error in regulating 
the water coutuined within the forward ballast 
tank, and the boar hmied i1s how in the harbor 
mud, stuck fast, and panially flooded, killing 
the entire crew of eight (whrch in additio11 to 
Jlunlcy, youne; !)ark, and 1he Mobile lllcchalllcS, 

also included Spmgue, the team's cxplusivcs 
expert) I )ixon and A!cxamler traveled to 

Charleston, and upon salvage oJ' the boat, saw 
their fellow submariners buried in Cltark:slon 's 
Magnolia Centetcry. Surviving memhcrs of the 
group memorialized 1 funlcy's efforts by naming 
llu..: boat ul'lcr him. 

Saddened Gut undauntc:d, Dixon ~Hld 

Alcxauclcr enlisted another volunteer crew, and 
the gruup mnved their operations to Battery 
Marshall, on Sullivan's Jsland, where between 
November 1 8()3 and February 1864, !hey 
frequently fought foul weather to cast off on 
night cruises off' Charleston. On Fcbructry 5, 

fate touched Alexander in th'~ form of orders 
rccei v<..:r.l to r<..:port to mtut!Jcr pn~jcd, and he left. 
On the evening of February J7, 186,1, 

approximately two and 11 half miles off 
Charleston Bar, with Dixon at the heln1, flunky 
observed ancl made for the screw sloop-of-war 
lJSS llousmonic, which lay at anchor on 
hluckwh~ duly. 1-lou.mtoruc's lookmu spotted 
f111nlcy and voiced a warning, but the s!np's 
attempt to get underway was not timely 
enough to prevent c:.:ontact, and J!wr.ll'Y 
nullluCd tire blockading vessel 011 the starboard 
stern quarter just aban the llliacnrnast, <tH<tched 
its mine, ami n.:mote!y a(.;livated it with a great 
c:.:xplosion that sank ffousatonic in three minutes 
(Figures 4.:l, 4.4 and 4.5). 

Hut a final toll was exacted in exchange for 

this success. flun/ey and its cmw ncverrelurned 
to Sullivan's Island, Gvcn though prearranged 
lamp srgnals were believed to have been 
rcc:.:eivcd from Dixon's crew and interpreted as 

a request for a lir,ht to guide them safely back 
1nto porl (( JSCff10, Ofl'icial R~cnrds I ~N4) 
(l'igures 4.6 nnd 4 7). Severn! theories have 
been put forward regarding how and where the 
boat was lost. Alexander for a long time 
bel1eved that llunley had been caught in or 

bencatlJ!ious(I{(Jflic as the Navy warship rapid! y 
sarrk (Aicx.amkr 1902), this bdid'being ba:-;cd 
partially upon incorrect observations or 
government divers. Hut upon hearing fmm 
authoritative Navy sourc:.:es these observations 
were not authentic, he still believed the wreck 
ll1l!.<;l have nevenhdess come ro rest not far 
away, havrnt, rapu!ly scttlc~d l'ive fed inlo the 
:;cahcd-like flousa!onic:. Alexander 110Led thai 
an ;Jt:,rt~(~rncnt existed between the crew 
llll:mbcrs thai ilthc:.: boat should for any reason 
be unable to surface, "the sea cocks were to be 
opened and the boat I'Jooded" in order ro prevent 

the suffc:.:ring of slow asphyxwtion known to 
have been cxpcncnced by flwti£~y's previous 
crew (Alcx;lnclcr 1902). Another theory 1~.; that 
swrfl seas prc'Jentc:.:d the tired crew frorn 
successfully regaining port and caused their 



Figure 43. Artist's perspective of Hunley approaching !Iousatonic during 
attack. Computer graphic by Dan Dowdey, South Carolina State Museum. 

Figure 4.4. Historic drawing of USS Housatonic being sunk by Il.L. Iltmley. 
Courtesy of the US Library of Congress. 

delicately balanced boat lo founder. 
McClintock refused to believe that the boat sank 
during the engagement, but rather was lost in a 
storm a few hours after the attack. It has also 
been conjectured that the boat succurnbcU to 
stnicTllr<JI dmnnee suRtnined 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 to a combinatwn of these 
factors. 

In retrospect, the Confederate submersible 
operations, and specifically the successful 
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Fig:un~ 4.5. ArliS['s pcr:--:pcclJVC or lluulev sm!.:ing llo/1.\"({{(11/iC. 
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Figure 4.6. Artist's perspecli ve of lfuni1~Y moving away rrom f lousmonic after 
lhc. attack. Computet gntj)hic by Dun l)uwdcy, South C~aroltna State Museum. 
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Figure 4.7. Artist's perspective of Hunley escapmg with Housmrmic sinking in 
the background. Computer graphic by Dan Dowdey, South Carolina Stflte 
Museum. 

engagement of Hu11ley with Housatonic, had 
several immediate effects on US Navy 
operations. They acted as a psychological 
warfare tool, causing fear among the sqltadrons, 
particu1arly within the South Atlanli<.: 
Blockading Squadron following Hunley's 
action. They caused expensive and logistically 
intensive modifkations to Uuion blockading 
strategies through c1.1using heightened security 
in the vessels on station, requiring them to be 
ready to get underway at all times, and forcing 
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Lhern lobe redeployed fmther offshore at night. 
Finally they may have provided the Impetus for 
accelerated Union attempts to gather 
informatiOn and conduct research to develop a 
similar weapon. But wh1le such attempts were 
underway as early as 1861, it was H.L 
Hunley's attack on Jlousutonic that defined to 

the US Navy the danger of the submers1blc 
torpedo craft in Southern waters, and to the 
world the milltary potential of the submersible 
vessel. 



CHAPTERS 

Environmental Context 

Scott Harris and Adriane Askins 

The II.L. llunley site is located on the inner 
continental shelf along the eastern Charleston 
Harbor Estuary periphery in the central South 
Carolina coastal zone. The modem estuarine, 
maritime, and nearshore shelf environments 
have fanned over the last 10,000 years as sea­
level rise flooded stream valleys and upland 
areas and forced landward barrier island system 
migration. Since Ilunley's loss, jetties have 
been installed to redirect the main harbor 
shipping channel, approximately 45 tropicnl 

stonm and hurricanes have potentially affected 
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 Septemher 1989, six years hefore 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 111 explaming the way a 
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site appears today and understanding the natural 
and cullural processes n;sponsiblc for site 
preservation and artifact distribution. Site 
fo1mation processes are important to the Hunley 
assessment, and they complise an impmtant set 
of research domains in the research design 

(Chapler 3). 

COASTAL GEOLOGY 

South Carolina, smallest of the southeastem 
states, has an area of 80,500 square kilometers 
(31,113 square miles) and is located between 
83°30' and 78°30' west longitude and 35°15' 
and 32°00' north latitude (Pigure 5.1). South 
Carolina's physical geography comprises three 
p1imary physiographic provinces, nlue 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 (Kovac1k 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 Harhor area of parricular 
impot1ance. 

The South Carolma coastal zone overlies 
sedimentary deposits ranging in age from Early 
Cenozoic 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 sen level along 
the fall zone, approximately 1,150 meters below 
sea level near Charleston (Gohn 1983), and 
npproximatcly !0-15 kilometers deep beneath 
the Blake Plateau 240 kilometers (150 miles) 
offshore (Klitgord eta!. 1983). This section of 
the Georgia Bight has formed through four 
primary geologic phases: (1) initial continental 
rifting, formation or 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 early Tertiary; (3) shallow-water shelf 
deposition and broad sea-level changes in the 
late Tertiary; and (4) formation of the lower 
coastal plain through major barrier island 
environment transgressions and regressions 
throughout the Quaternary. The last three 
phases, approximntely 50 million years, have 
induced a noticeable impact upon the region's 
current coastal system and continental shelf 
configuration. 

Geologic studies offshore Charleston, South 
Carolina, have focused on deep structures and 
regional stratigraphy (e.g., Hersey d al. 1959; 
Dillon and Klilgord 1978; Doylan et al. 1982; 
Poag 1984), bottom configuration (Sexton and 
Colquhoun 1987), bottom sediment type and 
composition (Stone and Siegel 1969; Field and 
Pilkcy 1969; Sexton and Colquhoun 1987; 
Gayes and Ealy 1995; Gayes et al. 1998) and 
influence of physical processes (Field and 
Duane 1976;Swift 1980;Atkinsonetal.1983; 
Schwing et al. 1983; f"itzgerald 1984; Swift and 
Thome 1991 ). Studies concentrating on facrors 
influencing regional harrier island 
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geomorphology and slrallgraphy have been 
madG by Miles 0. 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 ct al. 1991; 
Krantz eta!. 1996; Harris et al. 1997), Tertiary 
stratigraphy (Ward and Hlnckwelder 1980; 
Weems and Lemon 1993), the 1866 Charleston 
earthquake (Gohn et al. 1983), and phosphate 
sources (Holmes 1819). 

Poag (19811) indicates a general thickening 
of Neogene sediments away from the North 
Carolina Platform into the Georgiaemhayment. 
Colquhoun ( 1995) summnrizes the Cenozoic 
evolution of the southeastern AliantiG Coastal 
Plain as cyclic patterns of sediment deposition 
from the late Eocene to Oligocene. Overall, 
Teniary deposits consist of tabular to lenticular 
formations wtth varied lithologies and 
depositional environments. These older 
deposits arc distinguished from the overlying 
Quaternary units by their paleontologic, 
mineralogic, textural, and" ... well compacted 
to partially lithificd ... "character (Weems and 
Lemon 1993: Sheet 1). The Ashley Fonnation, 
Chandler Bridge Formation, Edisto Formation, 
Marks Head. Formation, and Goose Creek 
Limestone all subcrop or crop out at the surface 
near the study area. Some Tertiary units crop 
out directly offshore Somh Carolina's coast, 
creating local hard bottoms (Poag 1984; Harris 
et al. 1997). Others are emergent, cropping out 
just at mean water beneath overlying Quatemmy 
deposits (Porce 1978a, J 978h; Weems and 
Lemon 1993). Fluvial inc1sion, shoreface 
ravmement, mlet incision, and Gulf Stream 
erosion have modified the top of the Tertiary 
strata and are responsible for the present 
topography (Belknap and Kraft 19RI, 1985; 
Popenoc 1986; Tyc and Maslow 1994). 

Six factors inilucncc thG gr..:ommvhology, 
sedimentation, srrntigraphy, petrology and 
geometry of Cenozoic sedimentary umts and 
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divccsity of Sl!rficial Qnaternary coastal 

deposits: ( l) trailittg edge continent wtth gentle 

downwarping; (2) siliciclastic deposition from 
Appalachians and JJiedmont; (3) humid 
temperate to suhtropiL:al climate; (4) mcsotidal 
mixed-energy coast; (5) dominant southwL:st 
longshore transport and (6) subrncrgcnl sea 
levels from Cretaceous to LatG Eoccnc/Em·Jy 
Paleocene and mild cmcrgcm:c during the 
Neogene (Colquhoun !995). 

A complex series or cycllc htghstand 

scqucnccs and incised palcovallcys chmac\crit.c 

Pleistocene deposits hcncath the South Carolina 

coustnl plain and continental shelf (Colquhoun 
1965,1969, Colquhoun et al 1991) MulHplc 
sea-level trausgrcsswns and rcgrcs.stons 

throughout thL: ()uatl:rlltl!Y have ~~~ulted in 
removal, n~workmg, and incision or the Tcrttary 

and Pleistocene strata. The uppermost Tertiary 
stmta has ](lcally variable relief, ranginr, from 

less than one meier to more t'hau 30 meters 
(Colquhoun J0(J0; McCartan t.:t <II. 1984; 

Weems and Lemon 1993). Generally, these 

paleolopographic low an:as havl: been 
backfilled with Quaternary fluvial, paludal, 
paralic, and shallow ncrctic lithofacies 
(Colquhoun 196), 1969; McCartan et al. !984; 

Weems and Lemon 1993). The transgrcssrvc 
Quaternary t~rlils a;;sociatl:d witl1 barrier rslar1d 
migration arc thin (McCartan cl al. 1984; 
Weem.'> and "f.ernon 199:\), commonly 
discontrntlous, and e;enerally decrease rn ar;e 

seaward. The stacked, rm r~chdrm nalrtrc or 
coastal-Qtwlet nnry units results hum UrrncaLion 

through ravinemenl tJr channel migralJOn during 
~en l1:vel rise ncross tlw emerr;ent Coastal Plarn 

(Belknap and Kraft 1981, J-•ield HllCl Tnrrcardi 
[IJIJt; 'l'ye and Mosluw t99tl). 'l'hesc tlll!ls' 

relative dcpo.r.;itional history may be mft:HCd 

from cross-cultmg relarionships, either 
r,comorphically or thcough SC!SmJC 

intcq1retations (fdn~ 19W-1; Riggs and Belknap 
!1)88; Toscano and York t992; Kruntz ct al. 
Ji)94; Harris eta!. 1994). 

Early Coa1;tal Plain gcomm phtc studies 

indicated that many sea level highstauds WLTV 

rvpr·cst:tJLcd Otl tl1e coast (Slwttuck 190 I, 1906; 

Cooke 1936). The rirsl comprehensive South 

Camlina Coastal Plain study based on 
topographic cor ret n t ton arr,uecl for existence of 

scvr.:rt ittdi vidw1l PlctslncetJC coastal .<>t~qtJetJCcs 

(Cooke 1930, 19]6) Altcmattvcly, some 
researchers observed ~-:ix emcq~em Plcrstoccnc 

units (Colquhoun and Johnson 1967). but 

validity or their methods and interpretations 

have been queslloncd (Flint I 040, I 9'/ 1). Other 

rescarchen; (Cooke 1936; ColqtJhoun 1965; 
FluH 1 071; McCartan et a!. 198tl; CulliUhoun 
cl al. 191)1) have used, directly or indirectly, 
geomorphic cntena to identify f>tratigrapl1ic 
contacts and u11il hound:_uics. The common 

at!! ilJutcs between eacl1 tll" these fll(lilcls ru·e that 

there haY(; bGeu multiple tnajor changes in 

rela1t vc sea level inlhc mid- Allan tic, lithologies 
<lr·e heterngcnr:otiS and complexly distributed, 
these emergent systems have distinct 

geulllorphic cxpre.<>swns, and file sr:dirnents 
sp;m multiple depositiorlill age runges. 

BARRIER ISLANDS 

South Carolina's modern coastal 

morphology is ttausJ\Wnnl between North 

Carolina's long, thin barrier island:-; punctuated 

hy few tidal inlets and Georgia's shorter, 
lrUJJCated hai-rier i:.;[ands separated by numenlus 

large tidal mlcu.;. Wind-generated waves and 
current:; create North Carolina's thinner barrier 

islands, while tidal currents have greater 
111 rtuencc on Georgia's inlel-duminat.cd coastal 
morphology. o~11tntl South Carolina's banicr 
islands lie centrally between these two cxtrcrnes 
w1thin the rnixcU energy, tide-- aod wave­
dominated Georgia Dight, thus ruaintainiug a 
dominant "drumstick" morphology (!!ayes 

l994) and sedimentary architecture (Tyc and 
Moslow 1992). Tidal energy incre;;1scs ~111d 

W<IVC energy dccr(-ji.\Ses towards llu.: south 



(Brown 1977:251; Hayes 1994). The batTier 
islands' low relief affords little resistance to 
stonn and wind activity, and they tend to erode 
at an extremely rapid rate. 

Recent shoreline changes have been 
Uocurm:nted from the 1850s lo 1983 for South 
Carolina (Anders 1990), and indicate great 
shoreline change rate vmiabihty depending on 
proximity to inlets (higher variability) or central 
island segments (more slubility, less variability). 
Large changes from the mid-1800s to early 
1900s occur close to inlets, similar to tho~e 
observed in main tidal channel shifts identified 
north of Charleston Harbor in Price Inlet 
(Fitzgerald 1984). Erusion rates of up to 50 feet­
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 1 0-meter water depths, waves, 
currents, and hioerosion rework older Tertiary 
and Ple1stocene deposits and provide coastal 
system sediment, often as phosphate and shell. 
The low wave-energy and constant reworking 
has produced fine sediments, averaging 0.143 
millimeters (Brown 1977:262). Side-scan sonar 
mosaics ground truthed using bottom 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 amounts 
of muddy sands and muds, likely sourced frorn 
within the harbor system or through reworking 
of older deposits (Coastal Carolina University 
and Minerals Management Serv1ce, 
1NTERMAR database 1998). 
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CLIMATE 

South Carolina's climate is classtfied as 
humid subtropical, with abundant precipitation 
distributed inland, which averages between 118 
centimelcrs/ycar (Kovacik and Windbcrry 
1987:31) and 125 centimeters/year (Davis and 
Van Dolah 1992). Average temperature for 
the coastal region1s 18.7° C, ranging from I 0.0° 
C in December to 27.2 o C in July, generally 
not exceeding 38° C or-6.5° C (Davis and Van 
Dolah 1992). 

STORMS 

Since 1871, approximately 45 tropical 
storms and hurricanes have affected the South 
Carolina coast (Department of the Anny 1990). 
The most recent, hunicane Hugo, made landfall 
just north of Charleston Harbor on September 
22, 1989. Estimated storm position dunng 
landfall placed lhe eye directly over the Hunley 
site with a storm surge of approximatdy 4 
meters (Brennan 1991). Wind gusts of 
approximately 61 meters/second (137 mph) 
were accompanied by up to 6 meter storm surge 
20 kilometers north of the Charleston area 
(Brennan 1991 ). Sand and dense debris movcd 
offshore during hurricane Hugo into water 
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 wmds are most common dming fall 
and winter. National Oceanic and Atmosphetic 
Administration (NOAA) weather station data 
have been collected approximately 3 kilometers 



south of Charleston Harbor on Folly bland ;md 

approximHlely RO kilometers RSE ol'the harbor 
from a fixed buoy. The on-land slat ion recorded 
an annual average wind speed of 4.4 rnclc1·s/ 
second (1:L6 knots) for tile period May 1984 to 

December 1993, wllh a mintm1l1n average in 
December of :~.9 meters/second (7 .7 knots) and 
a maxmu1n1 IIVeragL~ of 4.!S meters/second (9 J 
knots) 111 Jullc (NOAA 1998). Ollsl1o!c buoy 

data (buoy #1110011, 38--mctlT water depth) 

rr.corded an nnnual nve(nge of 6.4 meters/ 

second ( 12 5 knots) fm the period nf June I 1)78 

tu Dccc.:mbcT 1993, with a maxiulU!ll average 
uf 7 g mete! s/sccond ( 15.2 knots) in December 

and a minllTllllll Hverage of 5.1 mdns/second 
(9.9 knots) in August (NOAA 1998). Wave 
energy flux values follow the same seasonal 
trends as the Wl!His (lirown Jt}!"/:7.SO). 

WAVES 

""rhe most dtJminanl nat1 tnd l"orce allcctJ ng 
erosJonal-deposlllnnal trends along the couslal 
zont~," wind-prnducl:d waves are dtrectly 
propodHJnalto Wind duration ami felch (I htye,; 

era! [1)84:3). Wave energy can be cithc.:r 

crosJl)nal 01 depusilional. Typically, m caln1 

weather beaches accretc throur,h shoreward 
tcansport of ollslioJ"C~ scdunents; clunng h1gh 

wave pcnotls sueli a~; storms ami hurricanes, 
beaches erode. Wave data have been collected 
fron1 ollshon.~ buoy #4l004 (NOAA J 99B) and 
as a pari of 11 rect.:111 l.JJ11ted Stutes Clcological 

St1rvey ( l JSClS) funded South Curolir1a Coastal 

Erosioll Project (MacMah;lll 1997). The buoy 
data recorded an average <.mnual signiricant 

wave height of l.l meters from May IIJRO to 
Deecmbcr J 993 and an average annual a vcragc 
wave period of 5.0 seconds with an average. 
maximun1 nf 5.5 seconds in J·'cbruary and an 
average llllllllllUHl of rj 6 Ill January. 
MacMaha11 ( !997) fouml a :14+/-ll tJi, reduction 
I rom deep watn wave hc1ghts (buoy dala) to 

the 1nner shell" are;~s. These J ntCtlT <lllcl 10 

lllCtcr wa vc gauges 1 cco1 tll:d me an swnmcrtime 
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wave heights o/"OA(H-/·0.17 meter with a period 

ol· 8.3+/- I.) seconds. Dmi1tg typical wave 

c!ilUalcs (nH.mn wave ltctght), It n:cxpccted that 

lhc critical sediment depth HlOVClllC!ll will he 
between 10 and 15 meter~ water depth in this 

region. 

The spring tidal range is approxunate!y 1.7 
meters, witlt 11 1naximtrm exireme nmee of 

approximately 2.tlmdns (NOAA 1993). With 

this tidal range and the wave regime, this 
segment o( South Carolina c.:oa:-;t l"al!s within 

the mixed energy morphodynamic range 
(llaycs 1994), leading to a typical ''drumstick" 

harrier island geomorphology. With lower tidal 
nmges, wave.<.: do1n 1 na\1: and the shore responds 

more to longshot e t1 ansport and coastal 
smoothing; with higher tidal ra11gcs and lower 
wave energy, the coastal enerr,y 1s loc1tsed 
pc~qK~nclicuiHrly shc)rCWilnl, lea(Jin,e to laq~r:r, 

more slublc rnlet pus1tinns rhrough time (1 fayes 
I 1)71)). 

CURRENTS 

Tidal and lone,shorc curn~nt!> arc the rno:;! 

unponaut currents allcctmg South Carolina 

shoreltnes. Produeed by waves hitting the coast 
at an oblique angle, longshore curn.:nts n111 

parallel to the shoreline.: ami vary in velocity w1d 
dtJcctton relative to wave auglL~ and energy. In 
combination with wave actiort, longshore 
currents can nwvc large antounls of S<lltd 
parallel to the coa~;t. These cunents generally 
mov1: sediments southward through both 
sediment and bed ln;Jd tcaw;port. Tidal currents 
also move sediments, but generally not in 
concert with longshclrc currents. Deposition 
caused by ebb lidal currents can move 
sedinte11ts to the Jttoutlls ol" 1nlets urcuntributl' 
ltHttcrial to longshore tra11Sport. Whcll storms 

plll' up water against the t.:oast, tltesc above· 
norlllal high tides can prodw.:e strong currents 



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

BENTIIIC COMMUNITIES 

Penaeid shrimp (Penuaeus setferus, P. 
aztecus and P. d11nrarwn) and crab species are 
abundant in the Charleston Harbor estuary and 
are sought commercially. The most prohfic 
species are white shrimp, brown shrimp and 
blue cmbs (Callinectes sapidus). Shrimpers can 
snag o~jects above the bottom and affect these 
features. There are also intertidal oyster heds 
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 (Leiostonws xanthurus), croaker 
(Micropognnias undulatus), spotted sea trout 
(Cynosiur nebu!osus), red drum (Sciaenops 
ocellatus), southern flounder (Paralicthys 
lethostiKma), summer flounder (P. dematus), 
white perch (Marone americana), and catfish 
(lctalurus catus, I. furcatus, and I. punctatus) 
(Van Dolah and Davis 1989:~6-48). 

HUMAN IMPACT 

Natural forces were not alone in fashioning 
the area; hum~ns have been altering South 
Carolina's landscape for at least 12,000 years. 
The state's first inhabitants, coastal Indians who 
constructed villages on the mainland and sea 
islands, exploited the natural vegetation, fish 
and game. Kiawahs, Edistos, Stonos and 
Wandos are groups who occuplCd the area. 
While their environmental impact was rn1nimal 
in comparison to modern populations, these 
coastal Indi;.ms did alter the landscape. Their 
hunting practice of burning areas to drive game 
into the open created large grassy savannahs 
fringed by coastal forests, while their shcllf1sh 
harvesting left large c:oastal shell midden 
deposits. European colonists arriving in 1670 

43 

immediately began modifying the area, filling 
in Charleston peninsula creeks and marshes to 
increase local land area. Over the next two 
hundred years, the area's economic mainstays, 
cattle ranching, indigo and 1lce cultivation, and 
phosphate mining, contributed to increasing 
landscape alteration (Goodwin 1989:8). 

Success of these mdustJ.ies was undoubtedly 
due to development of superior shipping 
facilities ar the Port of Charleston. Charleston 
Harbor ship-berths were located only six to 
seven miles ti·om the ocean, nil owing for a much 
faster turn-around time and out-competing 
neighboring ports (Goodwin 1989:9). The port 
still has one of the fastest tum-around-times for 
cargo vessels in America today. 

Charleston Harbor channel dredging began 
in 1854, but the first massive sediment removal 
did not take place until 1874. The City of 
Charleston moved approximately 76,000 c:ubic 
meters of sand from the main channel and bar, 
which quickly reformed. The Army Corps of 
Engineers eonstructed stone jetties in 1896 to 
"concentrate: water discharge from the harbor 
to maintain scouring action," however, neither 
the jetties nor sand removal worked sufficiently 
to guarantee passaze of merchant vessels of 
continually increasing draft. Maintenance 
dredging was eventually instituted. From [ 928 
to 1944, 230,000 cubic meters of material per 
year were dredged from the shipping channels 
(Goodwin 1989:9). 

In l942, the Santee River diversion into the 

Cooper River through Lake Moultrie increased 
its original drainage area from 1,805 square 
kilometers to 39,865 square kilometers and its 
flow from 6 cubic: meters/second to more than 
425 cubic meters/second. Harbor navigation 
channels were deepened at the same time to 
between 9 meters anJ 10.6 meters below mean 
low water. These two estuary system 
modifications caused the turbidity maximum 
zone to migrate into the main harbor, causing a 
twenty-fold increase in maintenance drcdgmg. 
ln 1966, the Army Corps of Engineers began 



redivcrting 80 percent of the flow 1n l .akc 
Moullric, which was recurned ro the Santee 
River. This rediversion was completed m 1985 
with construction of the canal connecting Lake 
Moultrie to the Sautee River (Goodwin 1 989:9). 

The di v~..:rswn and n:divcrsion of tl1c San lee 
River caused several physical changes in 
Charleston llarbor. The initial diversion and 
its subsequent dischare;c increase caused n 
dccrew-:e Ill mean surface salinity and shifted 
the estuarine zone seaward (Kjcrfvc J 980: J 6). 
Gravitational circulation becamt~ the dominant 
type of residual cm:ula!ion, and the salinity/ 
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density structure of the estuary changed frorn a 
vertically well-mixed rnatrix to one partially 
mixl:d. Since the rl:divnsion complc!ion in 
19R5, there has aeain been a .sai111J1y level 
chan~c. No lone,er depcndanl on variable 
(!ischnrge rates because discharge is kept at a 

11C;1rly t;onstant mte, salinity variations arc 

instead affected by spnng-ncnp Udal cycles, 

tidal pilast;s and far-fidd BJGtcorologica\ l:Vcnts 
(Kjcrfve 1989: 17). The estuary waters lend to 

remain strat!l'ied, althour,h sprine tides cause 
them to become~ vcrlically well-mixed. 



CHAPTER6 

Predisturbance Remote Sensing Survey 

Larry E. Murphy, Matthew A. Russell, Timothy G. Smith and Steven M. Shope 

SURVEY OBJECTIVES 

Before beginning lesl excavations to expose 
Hunley's remains for documentation and 
evaluation, a predisturbance remote sensing 
survey was conducted over an area that included 
both the remains of the rcpattcd H.L. Hunley 
and those recorded as USS Housalonic. For 
purposes of this study, both Hunley and 
Housatonic sites were considered as multiple 
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 ;.;edimenl disturbance. Predisturbance 
surveys ure be<:oming common practice in 
underwater archeology, and they are part of a 
minimum-impact approach (Russell and 
Murphy I 997). 

The high-resolution intrasite survey located 
additional cultural material, characterized the 
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environmental context and located site~related 
features above and below the sediments useful 
for planning the test ex<:avation and aiding site 
interpretation. Developing a remote sensing­
detived site perspective prior to beginning test 
excavation was important for planning to ensure 
related features ncar the principal components 
were identified and in vcstigatcd and 
stratigraphic sequence and scour-related 
features were identified. Location of outlying 
ferrous masses possibly associated with the 
principal target site, or perhaps related to the 
Runley-Housatonic engagement, was also an 
objective. 

Remote sensing instrumentation included: 
magnetometer (locates fetTous 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 helow the 
seabed); RoxAnn bottorn classification device 
(characterizes smficial seahed sediments); and 
side scan sonar (generates a topographic 



i'Crld!IIOn or ihC seabed .md CU]lura( lll~J(CIJaJ:; 

Oil clnd ilhOVC tl). l )Jili/.i.lli0l1 til' lhc~;c St:IISO!S 
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Jl<l\ltr:il CllV!J"Oiln1C!llcd ,__·!Ja!aCIL'Iil-~l(lll!lS. IO 

C\~tlllJtiC distribution and ch~uJgc ovc1 sp:Kc, 

<Hid, 11' sul"ficictll data are avaliuhlc, ovc1 illl1t:. 

l~<l[lld m:Jr11prd:~110n of ~;calc ami v:Jrtablcs can 

:Jlluw pattern rt~cognJiton 1hat mily 1101 he 
il[lJlilrl~lll ;rt olhcr kvcls. E:\aminalton nf 

t:OlllhtllCd V<lriilhk~ jc; IIIS(:IIll h:..:c<lUSC J:.;sults 

otre pn::;entcd graphrcally, grcail'/ sJtnplil"yJng 
illl:tlysrs by pi'ccluding the JlcccssJty of 

gcncrilti1tg mtllltcllt<llJL<d ;md slaiJ~IJC<llllltKicls 

It J d·lar<lClcri /.C paltc rncd rc lal i OILS I 11 ps ( :un cril 

CUIII[lllll'l CllHI ~Lli,IWMC .\j)Ct~d i\]JO\V rilpici 

rn<ullplllillron llf lllllltiplc Vilri<Jblc co1nhin:rlrons, 
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GIS data sets can be presented as tabular 
database files or themes that can be generated, 
analyzed, scaled, combined, supetimposed and 
displayed through direct user access in 
unlimited variations. Data themes are 
presentations of nonspali'tl data rel'erenc;ed to a 
common location expressed as geographic 
coordinates. One way of looking at themes is 
to consider them x-y horizontal locations that 
share a category of variable z values, which 

represent discrete, quantifiable attributes. 
Analytical techniques include statistical and 
spatial analysis, measurement and comparisons 
that can be used to create additional themes 
reflectmg analytical results useful for additional 
hypothesis testing. 

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

Two problems make creating GIS data sets 
expensive and time consuming: accuracy 
determination and conversion of various data 
sets to an appropriate fonnat. Mixing different 
accuracy levels among data sets degrades 
overall GlS accuracy and gives a false sense of 
comparability that can lead to serious analytical 
problems in data interpretation. Data set 

conveniions must consider fundamental 
geodetic concepts such as geoid, ellipsoid, 
datum, coordinate system and projection. 
Geodesy factors vary over time and space, and 
each variation is CJitical to conversion accuracy 
(Smith J 997). Few archeologists record a 
cha1i's datum and projection when generating 
coordinates. Por example, latitude/longitude 
coordinates in North American Datum 1lJ27 
(NAD 27) and those in World Geodetic System 
19154 (WCiS 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 to make. All data generated 
during the Hunley Project were based on the 
WGS 84 datum. Other data not collected by 
SCRU during the project and not already in 
WGS R4 datum were converted from their 
original datum before mcorporation mto the 
Hw1ley Surv~y GIS database. 

Although the survey was designed to 
ultimately produce GIS database products, use 
of GlS for on-site field manipulation and 
evaluation of raw field data for immediate 
rcoccupation and ground truthing was critical 
to the Ilunley test excavation operations. The 
survey phase had to provide for immediate and 
easy utilization of large volumes of field data, 
develop topographic context of survey blocks 
and allow in vestigalors to 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. 

GlS DATA ARCHlY lNG 

Raw and processed hydrographic; survey 
field data and GIS infmmation archiving is as 
much a concern as any archeological data 
archiving, and it must be planned in advance. 
Hunley survey electromc data archiving is in a 
nonproprietary format, primarily DOS ASCII 
text, which ensures long-tenn data accessibility 

by many scientific disciplines, 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 
con vetted if future alterations or cmrections are 
made to WGS 84; it is more difficult to convert 
grid coordinates after a datum revision. Mosl 
current computer programs req111re grid 



coordinates, so, themes are also <trchi ved iu this 
J'orm. Upon project completion, appropriatt: 

state and federal managers will be provH.!cd a 
CD-ROM (some media now have J 00-ycar 
archtval quality) conlllining all pertmcnt 1-tcld 

data and GlS cov<.:ragcs. This CD-ROM will 
be directly accessible throueh ArcVicw, a 
readily available GIS program and all other 
prugnum: that accept ASCll-fonnat databases. 

llUNLHY-llOU,\'Ill'ONJC SURVEY 
IJLOCI(S AND SAMPLE INTERVALS 

Hydrographic survey is eonducted in area 

blocks through which the survey vessel travels 
along preplotted transect:;, or lanes, at 
investigator--de!'! ned intervals selected to ensure 

complete instrumental coverage of the study 
area. Lane spacmg depends upon the survey 
questions and remote sensing instrument 
attributes. The flulllt:y surv(~y was conducted 

w1th several preplotted blocks to maxtmtzc 

rcruote :->l:nsing coverage and to allow for 

changes in S(~a confllrions, which can 
cnmpronns~ dmu quality. 

Coordtnutes for both fiu11/ey and 
J-Jousatouic remains were provided hy the 
Naval flistoncal Cc111cr. The !111licll survey 

hlock was constructed i11 an cast-west 
orientation with ~:ides ntcasurmg 800 meters by 

·100 meters positioned to conlain coordinates 
of hoth sites and associat~d features (1-Hod 
CHE-fROO I - the CHHR is an acronym for 

(~harlcston Harbor). Standard sc:Ru survey 
nlcthodnlogy for wiclc area survey requtres 30-

metertransects, whtch have been demonstrated 
to provtde cost-effceti ve magnetic coverage for 
discovering most submerged colonwl-pcnod 
shtpwrecks (Mttcphy 1 9X4:90-9S). In this C<tsc, 
however, precise vessd local tons wr~n~ known, 
the pllrposc or magnetomelry WllS to Inca](; 
smnller, assocutied feilturcs. 'fen-meter lane 
spacing was selected f,x the sample interval for 
the m1rastlc mag11Nic survey, whtch should be 
sufricicnt lo locate small f'crmus materials and 

Ctlviruumcntal features. In addition, a second 

block would be planned all(! surveyed with 
perpendicular lanes over the suspected 1-lulliey 

target to innease survey coverage. 
C i!)S provides a position every second, and 

all inslnun<.:n\ data were collected at less than 
2-second intervals and collated with the 

appropnute DCiPS 11osition. At a typical boat 
speed of G knots, a sarnple JS collected abo11t 
every 4--6 meters HI011g the 1ntlt<;ec1, givinr, more 
than 7,000 sample pomts 111 tlus survey block. 

The depth sounder and RoxAnn were run 

concurrently with the maguctomctcJ. 
Add1lional block:; (Cifi!R002 005) wc1c 

constructed for var·inus purposes. Hl(1ck 

Cl-JL-JR002 was constl LlGtcd over the Hunley sttc 
to provide additional magnetic coverage at right 
angles to Block CI II !ROO l in order to halve the 
magnetic survey sample interval in the primary 
target area. Block Cl JIHWOJ was a 50- meter 

transect block to provide navigation f'or side­
scan-sonar coverage ofHlocl< C! l f-lROO 1. r;il'ly­
me\er transects provide l 001liJ overlap for ~ide­
scan-sonar coverage. l3lock CHllROOr! ww; a 
I 00-lnetcr-S(]tWrc block with 'i-meter, cast-west 

transects centered on the fluuley site to provide 
!ugh-tesolutiun sub-but rom profilcr coverage. 
]-\luck CJ-JI-JR(l05 wn.<.: the ~ame block as 
Cl-ll-JlW04. bul with 11orth-south 5-meter lanes. 

Sub-bottom prufilcr data require a stable 

platform, so lhese l wo blocks were com>tructeJ 
in allow the Slu·vcyor tu select an orientation 

that would mmimizc wave i1npact to lhc sub­
bottom profiler record. Block CltlHUlO.'i was 

scleeled and used. 

POSITIONTNO SYSTHM 

Al·chr;oloeica! hydrographi\; survey requires 
rcrll-lirnc fJOSiltnns WIIh very rapHiupdates (1-
'l, sGconds) l-or nccurale vessel nav1~ation to 
ensure compktc, syslcmat1c covera~c at tlw 
desired sample interval. (JJS accuracy 
rcq11ircmcnts arc a 2-J-metcr circle-of-error or 

less Unlike terrestrial archeological survey and 



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 where you are 
without real-time 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 because of GIS digital entry ami 
mom capability; or circle-of-error, which is an 
ellipse whose largest radius represents the root­
mean-square en·or 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 several positioning systems are 
presently available, GPS offers several 
advantages over most others. GPS has become 
the state-of-the-art and will likely ultimately 
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 satellites, 
meaning four or more space vehicles are 
continuously in view anywhere on the globe. 
The satdlites produce two signals, known as 
CIA code and P code frequency, the latter 
encrypted and available only to military or 
government users. The GPS is close to an ideal 
positioning system; it is accurate and 
contmuously 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 
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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 instrumenral accuracy is 
further reduced by "selective availability" (SA), 
which is intentional, random dithering of the 
CIA code GPS signals by DOD as a secmity 
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 base station to compensate for SA 
through differential GPS (DGPS) correction. 
Ionospheric variables alter the satellite signal 
propagation times through the atmosphere and 
are an additional error source, which arc also 
correctable 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 corrections for SA and 
transmits them vin a radio modem datalink to 
the mobile survey instrument. Broadcast 
differential corrections are currently available 
in most coastal areas through US Coast Guard 
navigational beacons and commercial suppliers, 
which provide differential conections at vmious 
accuracy levels. For example, the US Coast 
Guard navigation beacons are guaranteed to n 
10-mctcr circle-of-error, 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 of 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 



lechntques were cnlp!tlycilln [he fltiJ!l(fY project 
to cslabli.s!J tl1e difTeJential ha~c stat itm j)llo;ition 

and <:trc briefly discussed below. 

SURVEY INSTRUMENTATION 

SCl(LJ's Gt>S-bascd Archeolor,Jcftl Data 
Acquisttioll PlatfonH (;\DAP) survey system, 
dcs;gncd and built by Sandn1 Rcsca1ch 

Corporation of Albuquerque, New Mcx.tcu, to 
SCRlJ spcelficaiions, was used during the 
remote senstng ph11sc of the ffunley 

mchco!ogtcal assessment (i'"igurc (J I) The 
ADAP system aulolllales and integrates field 
data co!lcclcd with a variety of rctnolc scnsiug 
Instruments, and it nccuratrdy tar,;.; each data 
point w1Lh rcnl-lime ddlcrentw! UPS posJ\JOn 
and time relcrences Data points cornhinJnt:, 
positiDn, iBsltUJtJcnt rcmiJtlg atld ttme dat<l 
points were collected every J lf2 seconds ur less 

1.. / 

~ 

lor the predisturbancc survey. G~ncrating 

survey lJ!ocks, navir;nting the prep lolled lallCS, 

and collecting and post-pnlCl~ssing data were 
done with Coastal Occanogn!phic,;' Hypack 

hydrographic survey sortwtlrC. The data were 

then easily incorporated into a PC bas~cl GJS, 
in this C<!SC, USRl's ArcV1cw. 

POSIT! ON lNG 

Posi!Jomnt.; accuracy was consistently 
within a 1-2 meter ctrc!c-of-crror throughout 
the 1 fr111lev survey are<t. A "l"nrnblr! Navir,ation, 
of Sunnyvale, Califomia, Accutnm: 11 GPS 
receiver and radio datal ink were used Oll board 
the survey boat for po,;i1 ioning survey 

nav1gatton and data collection. 
Ddlcn:nti<tl corn::ctll.ins were pmvided by a 

self contained, sho1c-bascd (JPS base stahon, 

which Jllcorporates a Tn!tJIJic 4000Sl~ gcncletJC 

IVigurc l•.l. AJ·cheulogist Dave Conl111 nHlnJtors ADAP !JJstrument consoles on 
[J(Hln.l S(:RlJ surVL!Y boat. NPS pholo by T1rn Smtih. 
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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 phow by Dave Conlin. 

receiver and VIIF radio datalink to generate and 
transmit a data stream of real-time RTCM--101 
differential corrections (Pigure 6.2) to the 
survey vessel. A static geodetic survey, using 
two Trimble 4000SE receivers, was conducted 
to establish control coordinates at a point on 
the roof of the project field heack1uarters at Folly 
Beach. The Polly I3each headquarten;' roof 
provided a full, unobstructed view of the survey 
area. The base station control point was 
tl~angulated from two National Geodetic Survey 
(NGS) control monuments, called #2885 and 
#2878. Both are second-order horizontal 
monuments, and #2885 is also a first-order 
vertical monumenl. 

MAGNETOMETR Y 

The prmcipal cultural resource delection 
device used in lhe Hunley survey was a proton 
precession magnetometer. The magnetometer 
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has long been a standard archeological survey 
instrument (Arnold und Weddle 1978; Breiner 
1973; Arnold and Clausen 1975; Shope 1997). 
A Geometries of Sunnyvale, Califomia, model 
G-876 proton-precession magnetometer was 

used during the survey as part of SCRll's 
ADAP system (Figure 6.3). The magnetometer 
detects and quantifies magnetic fields. In 
hydrographic survey, ferrous or magnetic 
objects cnn be located hy noting small 
perturbatiOnS or anomalies 1n the earth's 
ambient magnetic fleld. Ferrous objects cause 
a localized increase or decrease, usufllly both, 
in the ambient magnetic field. Objects m this 
context are typically of cultural origin 
nssociated Wlth mantime casualty or 
depositional sites. The magnetometer output 
reading is the total magnetic field intensity and 
independent of sensor coil onentation, 
consequently, ir makes an ideal detection device 
for submerged cultural resources. 
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FigUL'C 6.3. SCRU survey cqulpJncnt 011 the: art deck of the~( :1~ lJ SIJrvey ve.sscl. 
Geometries G-87(1 magnctomclc! on left, M:.uinc Sonic Technology side scan SOiHIJ" 

on ngltL Diesel AC gcnl\ratur on kfl, and a spare under plastJc: 011 right. NPS photo 
by Tin1 Sruilll. 

Typical proton-precessiOn magnetometer 
resolution 1s I gamma, and 111 srcc:iat cases 0.1 
eamma, in the earth's field of Hpprnxirnntcly 
50,000 gammas (nanote.slus). Mugncl1C 
readings simply i1Jdicatc the prcscocc and 
probab!G mass uf an object. Thc1C is no unique 
rclatwnsh1p between anomaly intensity and 

isogamma contour configuration and an object; 
any number of cornbmation.r.; of obJCCls can 
produce sinular anomalles. The only way to 
dctcnnme anomaly sources is hy visual 
invcslJgatJOn (Murphy <111d SallllS 1990). 

The magnetometer is a valuable cullural 
rcsourct: dctt:ction instrument, and it is scnsit1 vc 
to many different types of artifacts assocwted 
Wlth submerged shipwrecks. l:crrous ship 
cornponeuU; an; prime wrgets. ln a ~;urvey 
mode, :;hipwrccks arc often difficult to detect 
hy visu<tl inspection or sonar-based instruments 

"? .L 

because marine life encrustation and sediment 

coverings C<ln easily obscure a si tc. 'fhc 
lll<lEiletometel· sensor is towed behind the 
survey vessel abottl 20--40 meters to eliminate 
influence from the survey vessel's mar;nr~tic 

ricld. 
The CJ -876 Jn~;trumenl generates a scnsm 

depth and hc1ght-over- boil om (sensor altitude) 
and displays thest: dula during the survey. 
Sensor hcie;ht is 1mportant for con~;istcnt and 
rcpcod!tcihlt; ma~ndic data collection and 
accurate intnprclalton. 

Another fcalLJrc or the c:; g76 important for 

h1gh--rcsolutiun survey such as thaln:quired by 

the lluJt!ey ~;urvcy is that the computer 
processine, Jn:>tmmcnt package is towed 
underwater J 0 meters ahead or the 
magnetometer scw;or. This instrument. which 
was dc~;igncd !'or dcq) water survey, produces 



a remarkably low noise 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 transmit the raw signal from the 
sensor to the surface, which creates a much 
higher noise level because the cable acts like 
an efficient antenna for extraneous noise­
producing electrical energy. Noise is an issue 
hecause the gamma reading of a particular 
ferrous mass, which is proportional to the size 
of the mass, declines as a cube of the distance 
between the sensor and the mass. Noise in high­
resolution magnetometer survey masks smaller 
anomalies that might be of archeological 
interest. 

The industry standard (for cx.arnplc, 
Department of Interior, rvlinerals Management 
Service Guidelines for Offshore Lease Dlock 
Surveys) specifies a noise level of +1- 3 gammas 
or less. The G-876 typically produces less than 
1 gamma of noise, which allows smaller 
anomalies to he observed. Reliable isogamma 
contouring for traditional magnetometer data 
display is rarely done on fewer than 5-gamma 
contours; the G-876 allows reliable contouring 
on 2 gammas. The G-876 permits 
discrimin<ltion and recognition of anomalies that 
arc within the noise levels of most other proton 
magnetometers, consequently very small 
anomalies may be recognized. Because lh(; 
Hunley survey was attempting to locate 
undiscovered materials potentially associated 
with the Hunley-Housatonic engagement, 
d1scrimmation of the smallest possible magnetic 
anomalies was desirable, and the survey was 
designed and conducted to maximize low-level 
magnetic anomaly returns. 

SE!>.BED CL!>.SS!l'ICATION AND 
Bt>.THYMETRY 

The RoxAnn 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 discrimmatcs between seabed material 
types, sul:h as sand, mud, rock, grass, etc. and 
outputs the data acquired in a quantitative 
format ready for computer analysis and 
incorporation into GIS. This instmment uses 
the first and second echoes of each single-beam 
depth sounder transmission and derivvs 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 a range or 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 operation 
have been reported elsewhere (Murphy et a!. 
!995). 

Bathymetry infoi"mation was collected using 
a Puruno Model LS-6000 LCD Video Sounder, 
which is integrated into the RoxAnn 
Groundmaster bottom classification device. 
Sounding area and, consequently, bottom 
sample area for RuxAnn sea bed classification, 
is a function of transducer beam width, which 
is generally a function of frequency. Usually, 
the higher rhe frequency, the narrower the beam 
witlth. Most depth sounders use a frequency of 
about 50 kilohertz, which has a beam width of 
approximately 46° and samples a 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 huhhle 
noise. The 200-kilohertz beamwwidth is about 
10°, which provides coverage of about 17 
percent of the water depth. The area 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 area within the depth sounder 
transducer sample area. 



The hu uno video depth sounder supplies 

the signal source for RoxAnn. The RoxAn11 
produces a digital depth from the sounder sitnal 

lllat is collated w1th position and collected as 
part of the ~urvcy data set at each 1.2-2-sccond 

~;ample interval. 

Sill!' SCAN SONAR 

In addi110n lo the magnetometer, the Side 
sca11 sonar is the princq)a] remote sen~;ing 

instrun1cnl used in submerged archeological 

survr.:y. Side scan sonar uses sound W<lvcs to 

unagc the sea floor <Hid objects laying on it or 

p!Olruding above it. Normally a lowed system, 
a SlL!c scan sonar transmits a ntic1 osccoml­

pu!scd, VLTllcally narrow <K·.oustic bc<Jm to each 
side of' the tow vessel's path al multiple tirncs 

per second. Tile beam propngmes through the 

water and ucrnss the sea floor, rcl"kctlllg 

incident sound energy back to the sonar sensor·. 
A somtr data processor converts tl1c reflections' 

intensity and time delays to a visual1magc for 
display. The end result is an image of the s~a 

floor of ncar pholographrc quality show1ng areas 

of dark (.-:tnlllg ICflccliO!I) <Hid light (areas of 

lower n:flcctivity or shadow areas). 

For the llunley survey, tl Manne Sonic 
Technology, of(ilottcester, Virr,rnia, Sea Searl 
PC Sule Scnn Sonnr wa:.; used The Sea Scnn 

PC is 11 di[:,llaL high-resoluliun sick scc1r1 sDrHir 

systelll !hill uses a Winduws-basrxl pGISlllHLl 

comptilcr (1 1
( :) for all control, display, cutalysis 

ll11d storage I unctwns. ThG re!kctcd s1gnal 

couvcrt(;d tu digital information whrch is 

prdcrrcd because it allows 1mages to be filtered 

and enhanced for 1mproved <-malys1s, and il can 
be procc~;scd mto mosmcs and ir1corpornrcd tnto 

GlS tiS an image layer, much l1kc aenal 

photography. 'fhe digital format facilitates 
ardnval data storage b~causc it rs directly 
transferable m CD-ROM 111edium. 

The Sea Seem PC includes an inlt'gratcd 

I1UY1gatiorwl plotter, using sta11dard DCI)S 

input, lila! allows all parts of the acouslic 1m age 
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to Oc automatically correlated with correct 

geographic posi lion. Dunng the llunfe )' survey 
a 000-kilohcrtz tow fish was used for maximum 

bottom feature re:>olution. Like the depth 
sounder, the h1ghcr the frequency of the :;onar 

~renal, the higher its resolution. This instrument 
w ns selec!Ccl for the f lr.1.11lt:y survey because prior 

tkploymclll by SCRU proved it was a 10bust, 

easily <leployeil ins1rurne11t that produces very 
l11gh rcsolutiu11 11nages l!l a cligrtal formal 

amcnabk to GJS applicatwns. The Sea Scan 
meets or cxccL:ds resolution of side scan sonar 

~ystcms costing many time~> more than l111s 

instrument. 

SUU-IJUITOM PJ(()FJLER 

1\ suh-hot tom pn lfi lcr uses a low frequency 

t~'M pulse to distl11gursh and inwge sedum~nt 

layers beneath the sea fluor. Multiple returns 

measure various layer interfaces, with diJ'J'erent 

denSities, to build an overall rmagc of sub­

honom sednne1111<1yers. 1\ sub-bottom prol'ller 

1s typically used i11 p,cophysicnl, (;ne;int:erirlg and 

cnvironmer1tal surveys. Although not usually 
used as a tool of di~;covcry during <u·chcological 

surveys, .<>ub-boHO!ll pmfilers can detect man­

made objec1s. Mon~ of'\ en, however, sub-bottom 
proi"llers an.: used by archeologists to 

clwraclenzc tl1c scdi 111C11t malr ix surrOU11drr1g a 

site. 
Tile FM "clmp" suh-bottoru profilcr is a 

recent rcfinelllcnt that particularly meets 

archeological require1ncnts. Ttus rnstrumenl 

was par!H:ularly desirable for the llu11ley survey 

because the National l Jnderwater and Marine 

Agency (NU M /\)survey team had expencnced 
poor botrom penetration oJ [he liard-packed 
Charles! on Harbor sediments with the more 
common l . .'i -In lohcrlz ~;uh--bonom prol'i ler (I ltd I 

and Wilbanks 1995:7). The chirp system 

transmits a computer generated digital wide 

band swept l'M pulse that allows quantitative 
evaluation and classification of bottom 
sediments. The :;ignal, with adjustable pulse 



lengths, sweeps over the range between 200 
hertz and 30 kilohertz, depending on transducer 
configuration. The chirp sonar produces 
essentially noise-free images to a depth of about 
100 meters. Chirp's wide bandwidth solves 
some of the problems inherent in single­
frequency sub-bottom profilers. Archeologists 
are often interested in only the top few meters 
of bottom sediments, and this is the area that is 
commonly compromised in single-frequency 
units. Poor vertical resolution is created by 
source tinging that creates multiple images at 
the sediment-water interface and limits vertical 
resolution ofbmied facies to between 2 and 3.75 
meters for single-frequency devices. 'l'he higher 
resolution chirp instrument was desirable for 
discriminating stratigraphy and buried features 
in the Hunley survey. An X-STAR full 
spectrum digital sub-bottom profiler, 
manufactured by EdgcTech of Milford, 
Massachusetls, was deployed dming the Hunley 
predisturbance survey. The X-STAR transmits 
an PM pulse that is linearly swept over a full 
spectrum frequency range, and generates cross­
sectional images of the seabed with a resolution 
of 6 centimeters or better. 

HARDWARE 

Austin 486DX2/66 PC laptops were used 
for field data collection and manipulation and a 
Dell 486DX50 PC workstation for office data 
manipulation and generalion uf GIS coverage. 
An Austin Pentium 120 PC was used for image 
processing of ae1ial and sate1lite data. Trimble 
Navigation's Accutime If was used for 
positioning clwing survey operations; Trimble 
4000SE Geodetic receiver for geodetic control 
work and hase station operation; Trimble 
Pathfinder Basic Plus for d1v1ng and site 
reoccupation operations. 
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SOFJWARE 

SCIW selected several off-the-shelf, PC­
bascd software for cultural re!'l.onrce 
hydrographic survey operations: AutoCAD hy 
Autodesk (Sausalito, CA); Qu1ckSurf by 
Schrieber Instruments (Denver, CO.); Erdas 
Imagine for Windows NT by Erdas (Atlanta, 
GA); Hypack, hydrographic data collection 
software by Cuaslal O~.:eanographics, Inc. 
(Durham, CT); and Arc View, a geographical 
infon11ation system by ESRI, Inc. (Redlands, 
CA). All are PC-hased and provided quick and 
easy access to field data processing and 
manipulation in a MS-DOS/Windows 
environment. ArcV1ew provides access to 
existing data in Arc/Info and AutoCAD formats, 
two of the most widely utilized GTS and CAD 
systems. We can supply data in a native fonnat 
to Arc/Info and other formats, which allows data 
sharing with many sources. 

SURVEY METHODOLOGY 

Initial survey preparation took place in 
SCRU headquarters, Santa Fe, New Mexico, 
With assembling background clara. Aerial 
images, current and histmical charts and maps 
were procured and prepared for inclusion into 
an Arc View GIS database project. Digitized 
charts of the general survey aren were used to 
create survey blocks and provided n computer 
screen background to aid survey operations and 
navigation to and from the site during survey 
operations. Survey blocks were constructed in 
dcs1red areas, and computer software was used 
to generate survey lanes with heginning and 
ending x-y coordinates at appropriate transect 
Intervals to accommodate the various remote 
sens1ng instruments and survey block 
dimensions. Magnetometer collcctJOn Janes 



were preplottcd at 10-cnctcr intervals, s11h~ scan 
sonar at SO-mett:r tnlervals and sub-bottom 

intrastte lanes at S-mclcr interval:;. In some 

cases, rnulliple blocks were constructed With 

perpendicular lanes to decrease .sample nllc1·v:Jis 

or adJIIS1 for vanable sea condHIOns 

( lydrograph1c JnstlllllleiJls gc1JCI ally t!JCrcasc in 
noise output with rough sea conditions, which 
can soHJetimes be ameliorated by plotting 

transects pural!el to prevailing waves. 

(iencralmc!hodology includes survey With 

u vatiable suite or remote sensing mstruments 
with all survey operations DCPS positiOned, 

with z:ocrections provided by the SCRLJ base 
station to mutntain a 2--1 meter cJrcl~-oi"-1~1TOr. 

Ba111ymetry and surf1cwl bottom 

class1 hcaiJOil was conducted to charactcnzc tl1c 
seabed in the gcr1cra( an.:a surrOUiiding the site. 
These data w~:n: collected to tk:termine whether 
1/unley was located in an anomalous <HC<l 

rceanllne water deprh ancl bottom type. Side 
scan sonar wus used to dctcnl!iuc il' any matcmd 

was present alJovc lhc sea floor bdorc 

Investigations began. Tightly ~paced sub 

boltom pro filer runs over Lhc !lun!ey site could 

potentially determine hnll i1Hcerity and locate 
stratigraphic anom;1lws representing scou1 areas 
and assOCI(HCd features, which wouiU i111"orm 

excavation plann111g. Scou1 area demarcation 
wottld inrlucJtce test excavation proccdun:; 

scour areJts would have to be carefully 

excavated because or lngh poll.:nlial J'or presence 
of battlc-assoc:iatcd n1atcrials. AJl<dysis of sub 
bot tum jJrOfilcr data collected at a wider transect 
spacing could provide a general sediment matnx 

characterization OV1~r Lhe enure survey block. 

I-hgh-resolt1t10n nwg11etJe survey aud in­
water survey with ham!-ht~ltl ftHI[!,nt::Lllllie!CI a11d 
metal deU.:ctors were dtrccted tow:.~nl locllltnr, 

f'crmus nwtcrial possibly related to the llunlt'_v­

Jlou.l·atollic engagement or post dcpositJOiltd 

eli s placement 
SU! vcy data were post processed and 

tmuH.:diatcly irH.:orporated into a l)C-htl:->cd CJIS 

proJeCt that contained all related daw. l"ll1s 

cun1ulativc data set was used to plan the test 

excavation phase and should provide a baseline 
for future sile cxammation. Fol" im:tancc, if­
<Utotllel rnagnctomcler survey ts completed ove1 

the site should !fun ley be rccoven:d, lhosc data 

can he inc.luded as a1HJlher layer in the GIS 
datalJasc for CO!llparahi lit y to the pr"eclisturb;mce 

survey. 

SURVI(Y OI'ERATIONS 

( :onsrant I)( YI'S pnsit1011lllg wus Clllplnyed 

111 all survey operations wtrh an overall accuracy 

nf a 2-llleiLT GJrcle-ol-error throughout the 

survey area. Pn.:pluttcd survey lam~s were 
followed using navig<.~tion information pmv1dcd 

by the DCiPS and di~playcd in Hypack. !\ 
cornpnter rnon11or mounted ne<lr the helm 

provided the boat pilot With current position as 
well as navigat'1on information such as cross­

track cn"or, ~;peed, course, distance to end-of­

! me and hearing 10 end-of-line (f-:ir,me 6.4). In 

addl1ttm to tabular llli-ormatJOn, a gn1phicul 

cltsplay showed renl-trmc boat pusttion and 

1 tlOVCJllC!I t ami su1 v~..:y lanes supc1 i mposn! over 
a gco rdcrcnccd, digitized chart of the area. 

Data were stored to the hard dri vc of an 
onboanl cmnputt~r as soon as collected. Data 

colleclwn was con1inttous; no buoys wcr·c used 

to rnark anom;ilws. Uatn were hacked-up 

rllphlly v1a modr:rll to a co!llputer ut the SCI{LJ 
o!!icc Ill Sanla r:c and processed in the field. 

iVIACNliTUM"'IVY.IlATHYMli'J'RY AND 
SEA8ED CLASSIFJCAT!ON 

Survey openwons began on May 2, l 1J1J6. 
The SCRU survey vcr;sel, equipped with [he 

AUAP system mcluding magnetometer, depth 
soumlcr, and Roxi\nn bottom classificatJon 

device, nroved offshore to the survey area and 
began collecting data (l<'igurc 6.5). The survey 

hluck (CL-HHWOl) crmtamcd fony 800-uH:tcr 

loJJg lanes 10 111clers ap;u·t, uriented cast west 

(l~igure 6.6). The survey block was created so 
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Figure 6.4. Operations abourd SCR U survey hoar. Archeologist Matt Russell, left, 
Captain Diane Richardson, right, Archeologist Dave Conlin, below. NPS photo by 
Tim Smilh. 

Figure 6.5. SCR U survey boat during Iiw1ley Survey. NPS pholo by Dave Conlin. 
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Fh.:m·c (,.(,. The 1/.L Ilwtlcy prcdisturbance survey area. 

that the central h1nc, lane 20, b1sccted the two 
sets or coordinates p1 ovidcd for llunley cmd 
1 lousalonic. 

Thr.: magndometer was towed at a constant 
height of 5.0 to 5.5 meters over the bottoll1. TIH:; 
was facilitatGd by the nearly conslaill depth 
throughout the survGy area. Large anoinalics 
wcrG observed ncar the reported positions or 
flwlfey and 1lousmrmic, as well as a number of 
smaller anomali(~S throughout the block. All 

40 lanes were completed. ln addition to 
Cl-[ H KOO I, a second block, CJ IIIR002, was 

constmcred containing seven [0-metcr lanes, 
onented nnr·tiHmuth c:cutc:rcd dm:.ctly over the 
J-Junh:y srlc coordiitalcs This bluck, ulsu 
completed May :~, was surveyed tn pmvidC 

additional data po111ts that c!Tcctivt:ly reduced 

the sample mtcrval m the pnmary target mea 
(Frgurc li.7). On the cvclllng of May 2, the data 
were processed and contour maps of the 
magiiCiic data. LwthyJitctry, and coverage maps 
uf the Rox!\nn dtllu gencrutcd. 

SJDE SCAN SONAR SURVEY 

A corporate-partnership with Marine Sonic 
Technology of Cllouccstcr, Virginia, nllowecl 
u~;c or a S!clc scan sonar and operator for 

prcdisturhancc imaging oflhc project area. On 
May 4, 1996, Many and Pete Wilcox of Marine 
Some Technoloe;y 1nstalled llielr instn1ments 

on lhe SCRU survey vessel, which thcu moved 
oJ'fshorc to thc primary llwtley turgct area anJ 

Lcstr.xl the instrumenl. A buoy was UroppcJ on 
the site coordinates to indicate the site so the 
instrument operator could pay particular 
attention in the immediate sitc area, and the boat 
pilot coulJ.use it as a guide to Jllab.: some, initial 
1-ll_JSSes over the_: site Although rhe buoy line, 

weight, Hn(l PVC pipe [llaced ead1er 1n the week 
by Ralph Wilb;:mks of N UMA to locate the sit(.; 

were clearly visible on the side scan image 
(sonograph), nothing clsr.: was obscrvcd, which 
indic:ated no part or the submarine was visible 
bci'I)Jc: excavation. 
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Figure 6.7. Data sample points collected during the H.L. Hunley prcdisturbancc 
magnetometer survey. 

Next, the survey block designated 
CHHROOJ, which contained fourteen 50-meter 
lanes oriented north-south over the area of 
CHHROOl 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 
possible material above the bottom in the 
vicinity of the Housatonic site. 

SUB-BOTTOM PROFJLER SURVEY 

Another corporate-partnership, this with 
EdgeTech of Milford, Massachusetts, prov11.lcd 
use of a digital sub-bottom profiler and operator 
Darren Moss to characterize the sediment matrix 
of the survey area. Two 100-meter-square 
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survey hlocks were constructed over the 
!Iunley coordinates with 5-rncter lane spacing, 

CIIIIR004 mien led east-west, and CHHR005 

oriented norlh··south. On May 5, we deployed 

the imtrument over the Ilunley site and selected 

CHHR005 to survey because of prevailing 

wave conditions. On one pass, a hard retum 

from the sub-bottom pro filer indicated that we 

had passed directly over the hull, but it is not 

clear at what angle. 

After completion of the high-resolut1on 

mtrasitc survey Block CHHROOS, we ran 

CHHR003, the 50-meter side--=.can sonar block 

with the sub-bottom profiler to develop a 

general chunv .. :teriz<.llion of lhe sub-surface 

sediment interfaces in the survey area. 
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Figure 6.8. Two gamma magnetometer contours, wrth anomalies representing USS 
!Jousatottic, /JL flwdey and several unidcnt1ficd cmomallCs. 

ANALYSIS AND RESULTS 

MAGNETOMETR Y 

The mnr;nr:tomcter data were contoured nn 

2 gamma interval isogamma~; using the gradient 
method. This IllGtllod, dev<-:loped by tile 

nuthors, allows correction for diurnal clnwges 

and facilitate~; incorporation of magnetic data 

into CIS. Magnclomclcr survey results indicate 
three main conccntrmions of ferrous matc~nal 
within the survey area, aml.scvcnd smaller (les~; 

than 10 ga!llma) anomalies (Figure 6.8). One 

of the main anomalies is tdentiltcd as !-/uuley, 

a second as the !Jousutwuc wreck scatter, while 
the third ferrous conccntnttion, located between 
the ntiJCJ tWD, rGJllHJJJS unidentified, as do the 

~;maller anomuhes 

RATHYMETRY 

Bathymetric datu indicntes a relallvely 
umform bottom depth thmughout the survey 
an:·<l. Depth mngcs fron1 7 meh.'.JS tog mctcn; 
(Figun: 6.9). There me uo anomalous sculled 
features associated with either COillJllHJCOl. 

SEABED CLASSIFJC:A'l'JON 

RoxAnn SllrficHli Seabed Scdm1cnt 
( 'lassification 1ndicates a relatively uniform 
bollom Lypc of sant!/mud throughout the survt.:y 
arc<J (1 'igurc 6.1 0). Su rf'icial S(;di nJcnl lraiui ug 
sllcs to coonlinat(; data with spcc1fic botton1 
type was not conducted. RoxAm1 data imlicatr..;s 
h1~h 11niformity in the study area with no 
anomalotJs scdiuJClll concentrations 111 
proxim1ty to ellhef SJtc component. 
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Figure 6.9. One meter bathymetric contours, showing a depth range between 7 and 8 meters 
throughout the survey area. 

SIDE SCAN SONAR 

Side scan sonar indicates that no part of 
Hunley was visihle ahove the sea floor before 
excavation began. Complete side-scan 
coverage of the survey block did, however, 
indicate that small portions of the presumed 
Housatonic scatter may be exposed. Side scan 
sonar data will be provided to the appropriate 
managers on a CD-ROM. 

SUB-B01TOM PRO FILER 

Data from the sub-bottom profiler WBS 

inconclusive. Observation of data returns 
dming survey operations indicated one poss1ble 
hard-return that may have been Hunley's hull. 
Complete analysis of the snh-hottom profiler 
data, including development of comprehensive 
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Sllb~bottom characterization of lhe entire 
survey area, was to be supplied by the 
manufacturer. 

CONCLUSIONS 

The predisturbance remote sensing survey 
of the Hanley-Housatonic site revealed 
important information about the .study area's 
cultural and natural envlfonment. 
Magnelomctry indicates, with the exception of 
several discrete anomalies, a magnetically quiet 
area. The most intriguing anomaly is the large 
mass between the larger magnetic anomalies 
identified as USS Housatonic and II.L. liunley. 
Before or during recovery operations, should 
they be undertaken, this anomaly and the 6-

gamma dipolar (contains both positive and 
negative magnetic readings relative to the 
ambient field) anomaly north of it should be 
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Figm:c 6.-10. R<IW RoxAnn data showing different bottom type:-;. These data n:rlect 
surfic1a! scthmcnt houJogcucity. 

ground truthcd. Bathymetric, bol!um 
cIa ssi I icatton, and :~ide-scan sonar data i ndicalc 

the 1/unley-llousaronic site: i~ in a re:lativcly 
flat. !JonlOgenous, and featureless benthiC 
rcgton. No mounding was observed over 
flunley';; remains; it lay compleh~ly buried 
under a featllrclcss.lla! bortom 

{ Jpon completion of t~ns report, a Cl )-ROM 

wi!lllc provided to the Naval J llstoncal Center 

and llu.: South Carolina lnslituw of 

Anthropology ar1d J\rcllacology witl1 compll\lC 

r'HW and proce:sc~d swv<:y data, as WI: II as the 

complete llu111ey Assessment GlS project. 



CHAPTER 7 

Field Operations 

Matthew A. Russell and Larry E. Murphy 

At the predisturbance remote sensing 
survey's conclusion, the H.L. Hunley 
assessment project shifted into an inrensive 
diving and archeological dtH.:umentation 
operation. Prior diving on site had bet::n 
preparat.ory to the assessment's documentation 
phase. The first dives were made in an attempt 
to instal! large screw-type sediment anchors to 
moor the principal dive vessel, South Carolina 
Depnrtment of Natural Resources research 
vessel R/V Anita, a 52-foot long stem trawler, 
over the site. Sediment anchors would have 
eliminated the possibility of dragging a vessel 
mooring anchor through the Hunley site. After 
installing rhe first sediment anchor, this plan 
was abandoned hecause of the time and 
difficulty of jetting the anchors into the bottom. 
Tnstead, we established a three-point anchor 
moor each day with cables long enough to 
minimize any anchor dragging threat. Initial 
and periodic visual checks of the mooring 
anchors by divers further reduced any dragging 
threat by ensuring anchors were well set 
throughout th(; daily activities. In retrospect, 
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sediment anchors would have reduced vessel 
mooring flexibility necessary bel:ause of the 
vari ahle and often adverse offshore conditions 
encountered during the divmg investigation. 

Ralph Wilbanks, leader of the N atwnal 
Underwater and Marine Agency (NUMA) 
team that discovered lhc site in 1995, made the 
first dive on site for the 1996 assessment 
project. The National Park Sc1vice's 
Submerged Cuhural Resources Unit (NPS-­
SCRU) requested that Wilbanks and his team 
relocate the site and place a PVC pipe ncar their 
test excavation to precisely locate the target he 
and his team had investigated and reported to 
the Naval Historical Center (NHC). Wilbanks 
requested and received clearance from the 
NRC for a single site visit, and placed th1s 
orientation pipe as requested before lhe start or 
the current assessment project's in--water 
operations. Wilbanks' pipe was used as a 
subsurface location device, and it was observed 
on side scan sonar. This procedure eliminated 
any possibility of target confusion should the 
project's results have been negative. 



Several dives Look place on May :1 5. '!'he 

fir<-:l dives were made on Ulobal PosJ\lOmng 
System (GPS) coordl!lalL~s selected l"rorn the 

SCRU nmgnctonH.:lcr data colkctcd May 2 
usi11g tlu: accuJnulating Hunley Project 
Geographic Information System (UJS) 
database. These connlinates were uholll 4?: 

meters J"rom the coordinates prnvidcd by the 

NUMJ\ team. On May 5, the anniversary oJ" 

NlJM/\'s orienwl discovery, W!lbaJlh mel 

with ]li"O.JCcl ieadcJ·s (O diSCUSS prO_I('d opellll!O!IS 
aud detc:nninG the cause or tltc vanance bd wcC11 
eoon.linates. The variance resulted fro1na shtfl 

or coordinates between geudc:!ic datums. 
NUMA, following US Army Corps ur 
Engineers practice, had used South Ctrolina 

State Plane coordinates foe their survey, whic:h 
arc 111 North Amcr1can Datum 1927. SCRU 

uses World Geodetic System 198"1 (WGS 8'1) 
coordinates, generally standard l"or rnosl GPS 
applications. NUMA'~> coordinates were 
converted to WCiS S4 and found to be conr;rucm 
with SCRU coord11nHes obtained !"rom Ci!,S; 

I. 
., 

" 

analysis {)f l11c rcCCJltly c:ollc:dcd prcdisttirbance 
survey duw. i\Jthour,h ext1·emely adverse 

divmg cumhtioJts 011 the first duy caused the 

divers to rniss the PVC pipe, the cuotdinatcs 
selected fro111 the survey 'NLTC ultimately foum1 
to he approximately one meter rrom Wilb;mh' 
p1pc. May ·; was a down-day due to weather, 

ll!ough two allotted lhves were atrcmptcd on 

site. 

GENERAL ll!VIN{; OI'EI!ATIONS 

D1vine operations started on May 8 and 
coni tnued thnlllgh c:omplctwn of si tc back fi I I i 11g 
on .ll111e 4 (Figure ~/.1). Scvcrul days during 

tins ltmc were down-days due to weather, 

includ!llg May 11-15 and May 18. A total of 

! 9 days were spent in dive operations includitlg 
excavillHlll, tlucumcnta!ion and backfilling the 
Site. ln all, ·_.;u:z dtvcs row ling ~U).I(l hm1r~ were 

mack cturmg the 1996 usscssmenl proJect. The 
project dive SlllliBHlry is rcpruduccd as 
Appcmlix A. 

.Fi1:urc ?.L Divers prcpari11g !"or work oll site. NPS photu by John Brooks. 



The first task was to use water dredges to 
establish contact with the target. The objective 
was to first expose what had been previously 
uncovered during NUMA's 1995 test 
excavation. The next step would be to 
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 
d1ving operations. Before placing this 
mientation line, a series of metal detector and 
hand-held cesium magnetometer surveys 

established the hull ends. The line was secured 
between two PVC pipes driven into the seabed 
a meter beyond any indication of buried metal. 

After the initial site lo..:ation was 
established, SCRU's DGPS equipment was 
used each day to reoccupy the site. A dive team 
was dispatched in Sour!). Carolina Institute of 
Archaeology and Anthropology's (SCIAA's) 
25-foot dive boat, C-Hawk, to relocate the site 
and prepare the site for the day's work before 
arrival of R/V Anita., which served as the 
primary dive vessel. The daily procedure was 
for divers aboard C-Hawkto proceed to the site 
coordinates using DGPS and drop two buoys 
with padded weights on the site locntwn. 
Padded weights were used to prevent damage 
to the iron hull after it was exposed. Two divers 
then made a circle search until the yellow 
polypropylene orientation line, which stretched 
from llunley's bow to stern along the centerline, 
was located. The two buoys were then moved 
to each end of the orientation line. These two 
buoys served as a guide for aligning Anita's 
stern directly over the site's center. A downlinc 
from Anita's stem using a 30-pound mud anchor 
was rigged at one end of the site. A second line 
was rigged on the surface from the downhnc to 
the dive ladder on Anita's port side to allow 
divers to pull themselves against the current to 
the ladder. This procedure minimized potential 
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for site intrusion and discovery by potential 
vandals because no buoys were left on site. 

Each 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 
was positioned over the site. After setting the 
bow anchor, and with the stern over the site, 
two stern anchors were taken out in a small 
inflatable boat and dropped in the proper 
locations for safe mooring. Divers were 
periodically dispatched down each mooring line 
to verify the anchors were secure. The anchors 
were situated lo rninimi.:c potential site damage 
from an anchor dragging into the study ru·ea. 
At the end of each diving day, the .stern anchor 

lines were buoyed and released to be retrieved 
by Anita after recove1ing its bow moor. 

Daily excavation operations utilized water 
dredges mounted inC-Hawk, which was rafted 
along side or secured astem of Anita. A 6-inch 
and two 4-inch dredges were used. All 
excavation was conducted by SCRU, SCTAA, 
or NIIC archeologists. To the extent allowed 
by limited visibility, sediment was examined 
while being hand-fanned into the dredge. Each 
diver was debriefed immediately upon exiting 
the water to provide a cumulative record of site 
observations and excavation progress. A 
chalkhoard was used aboard Anita to track the 
excavation and for diver briefings before and 
after each dive (Figure 7.2). Archeologists were 
instructed to continually monitor the exposed 
hull for any signs or 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 
to site testing was observed during the project. 

Tn general, diving conditions on the Hunley 
site were adverse and difficult. Visibility 
normally ranged from Oto l-2 feet, which made 
excavating slow and often frustrating. Strong 
tidal currents also made divine difficult, except 
during brief windows of slack tide. Once 



Figure 7.2. Llrry Murphy br1efs divers hl:lorc Crltcring the W<ller. C!ockwJse from 

nght: .lim Spi1"dc, Dave CnJiiJrl, Mat! l~ussell, Joe Hcally, R1ch Wills nnd Hob 

Ncyla11CI. NIJS photo by John Bruoks. 

exca vat10n had pt ucccclccl below tltc seabed, 
however, divers were shielded to some det,rce 
from the; currents ripping overhead. ln addition 
to lli~ar-F.cro vtsl hd l1 y and strong currents, di vcrs 
also had to contend with a thick slun·y of 
stinging jellyfish that were continually on sile. 
Most divcrs wore ice-diving rnasks, which 
reduced exposed skin on the face lo only the 
di vcr's l1ps. l··:vcn S(l, I mm time to time jcllyfisl1 
tentacles would wrap around a di vcr' s regulator 
;md severely stmg the1r !ips. 

Ouct: the hull was exposed, archeological 
documcnlatron began. S!le clocumclll~llton 
cnn:o;rsled of 1lin~':t nw:rsuremenls, video 1111d 
photography. Video and photography were 
di!"l"icult becau:;c of extremely !uw vtsthillly. 
Occasionally, on 1111 1 rJcotrung tide, a b1 Jel· c!cm­
wmcr Wlt!dow occurred. ln thcst: cases, normal 
l!clcl opcraLJOns \Vere JmJnedtately 11"1\Criupted 
to con duet video i!nd phol or;raphy. ! n <idd 1 t 1011, 

1200-w:ltl HM I Utldctwatcr movie l1ghts were 

used to crthauce vtdeu rccorclir1g. A total of !33 

minutes of underw<~ter video w<.ts rccordcU 

dunng the prOJCCL 
I lull mappmg, w~ing direct mr:astJrcmenls, 

followed sturrdnnl arciJcologicul pn'.lCedurcs. A 

drawing was completed duri 11g l"ield nperatio1rs 

to be usc;d as the basJs im positionlllg field 

currosiUIJ measurements (l'igure 7.3) Pluu, 
elevntioH and profile drawwgs of exposed 

purtrons uf I /unle_v wcr c COJlipletcd i11 the field. 

To md reeon.ling, ~~device was dcs1gncd and 
built from PVC pipe to obtain detailed hull 
profile measurements. A right angle was 
t.:lltlslrucled that a!!owGd <K:cuntlcly posititnwd 

hull perpcudicu!ars to be nJcasurGd aloug the 
hull s1dc "!"he device was affixed to a small [iue 

lightly strung hctvvL~cn thc snorkel box aud aft 
hatclr alullg the hull ccn!erlirtc The profile wa~ 

t<lkt:ll _just forward of tbc an hatch from the 
ccntcrltnc lo !hl~ kl~cl (sec Pigure g 2). 



EXCAVATION STRATEGY 

The principal excavation objectives were to: 
1) verify the reported site as HI. Hunley; 2) 
determine the site's present conditiOn; 3) 
evaluate the present vessel state for potential 
recovery. Site verification was based on 
congmence of prim:ipal features encountered of 
historical descriptions. Definitive verification 
depended upon !oL:ation of particular features 
unique to II.L llunley, which included: forward 
hatch, aft hatch, .snorkel box, dive plane, 
cutwatcr, screw, mdder features, keel ballast and 
bow spar or fittings. Verification would be 
established if five or more of the attributes were 
located. 

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

excavation methodology before removing 
previously undisturbed sediments. Investigators 
wanted to ensure that maximum information 
would be recovered. After opening the first 
excavation unit 1n the forward-hatch and 
snorkelwbox area, a second excavation unit 
would be opened toward the vessel's stem to 
locatt; 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 
vessd extremities were established with 
systematic metal detector examination, and the 
location for the initial excavation units moved 
2-3 meters in from each end of lhc hull, as 
indicated by metal detector contact. The 
excavalion concentrated on the center hull area 
and avoided the stern and bow areas. The stem 
area was helieved to be fragile because of a 
small piece of graphitized iron located in the 

Figure 7.3. Prom left to right: Chris Amer, Rich Wills, Larry Murphy and Lynn 
Harris use llunley fie.ld drawing to discuss hull corrosion measurements. NPS photo 
by John Brooks. 
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al'l cxcavalioH unll, ptlSstblv mdicalmg poor 

prcsr.Tvattun uJ' smaller rcrrous stern feature~;. 
nccausc of po!Cri!Jal darnal'/~ to tile cmnplex 

ruddet, ptopcllci slunud and >;ucw katur,~s in 

the lmv VIsihdily (()fldilJOns, the stern arcu wu:; 

not c.x.cavalcd. Reduced vr:;thdny would !l\ll 

pcrrnJ! adequate control for· cxuti'Hlron of 
fntgittcntcd tiretdl :;Jr·rK"Irucs_ Pnl.Ji.~Ll lc;rllcr·.., 

dccH"kd 1 hal illf~ pmtntud ly I rag lie StL:ttt at eu 

_o.;hnulrl nnly be excavated lltKC whet! IlK· vc,scl 
is ul(ttn;rtdy r ccovcrcd, 11" thai decision r:; made 

The uflcr t:nd or IIH~ \lihlllilrlllC \A·il" kl'i 

undtsltll bed Lllllii the Crid or I he p(()jCL'l. At I hat 
trine, 11 llilJT()\1' trL·nc·h along the lop hull 
ccnlL:rlrllc wus carefully txcava!cd lO the dl't 

lnOSI porn[ OJ' the hull (O CSlctb!J:;h CICClll":llc 

ovcnlll hull lcnpth, not cottntll1!__; ~cH:w Cilld 

~hrOtid. i\r'c;t', hcynml ami bduw that pnml, 

IHl\-H:\·Cr, Wt'H' r1nt li1~1urhc(l lo1· lear t\f losJ!It', 

fragllc· nmluJa!. For !he same rc;,~son, tile h<m­
!lild 11:; potentially fragile spar' all:tchrN'IIL'> were 

avorded 1111111 IIH: 1:nd nl Ill<' j"lr·owct TltL:rt, ~~,; 

Ill lir(: .\lcr·n, ihl' c·crllCIIIIIC wa-: CCl!"l'(UlJy 
cxc;tv;rted lor wtlrd to fim--;h uvcr;dl IGngth 

rm:<Jsurc:mcrll'; w1d cklL:mrinc. ,r any pun roo~ of 

ilw ·:par or :;pur :rlladllllCJllS rctWIIrrcd on I he 

ltull top. The dccisionttH..'.l>CaV<·ttc the bow was 

ltwdc aJ"tn CXtl~f1SlVC Jlletal dt':lt:CliH. \lli'Vi')' 

c:;t;lblrshed there w;J:-, nn detc-ct;rhlL: metal 

fon-v.ud nl (he hull 

EXCAVATION AND 
ll~lC!JMENTATION 

BcftlrL~ llcginrllll):' CXCilVi.l[Jon, lllrCL: hand­

dnvcn core,; WCIT recovered just beyond the Sill: 

pct·imctct for prcdi:;tur'b.tncc <tnctly:.r.'> h)- ;r 

snlrmcnlologtsl. Tlic:;c core:; \\Crc u:-,cd to 

(ICier tllilll..: diL' Il<llut·c ol· ~;cduncnts .•;urrourHirng 

li1c srlc w1d llrcJr siahi lit v. In midi I Jon, IIH:y were 

LL';L:d (n hcJp C';(<tbitsh :t bUrtitJ SCl[lll'llCC ,111d 

dept1SIIUH1<ilillsl(\r\ !'nr llullfn' 
l)lt:llj!CS were dctllilVL~d hunt lhL' SC'I;\/\ 

\'l~..;\cl C-1/mt'k Tlli:--. Vt.'SSL:I 1vas 1\'jl!L"<rily ,-,d'tcd 

:tlnrJgsidc Al!i/11 wltcn cortdiltorls ell lowed 

When wave;; were too large for sarc r'tflillg, ( '_ 

flow/.: was atlachcd by a bow line w Ani/a's 
<;lt~frl. ! J sr ng l he :>1nilllc~r vr~ssr~l I'm :ur ~~r Jill pn H:n 1 

platl'onn \\'or-ked well. In addt!Jtltl lo ICiltDvtng 

lite pulfljl crtt')llCs fmm tile diving deck, the(' 
1/rm·k had a milch 10\vcr frccbo;trd than i\nitu, 

\\'(IICh nlllllllli/l:d plllllJ) hc;H](Ifl ltli-111:1.\IIHillll 

dredge: elftcrcncy 

Bdorc deploying the dredges, lltctal 
dctl:\.IOI-s illld <t h;rnd-hcl1l ccsrurn m:tgnclnmt~lcr 

(pruvtdcd hy Gcolllclr!CS, ltlC. or Sunrryv:dc, 

C'ctltflltliiH, a11d liiSlilutc ul N;ttltrcal 

A ,·chctcolo~y _ Col lq:e Sr clli<Hl, Texas) 1verc 11Scd 

lu cstclblrsli ~;1k lrmus ilml llllCtllaliurl PVC 

stakes were set ill CI!Iter end uf lite silc, al least 

1 rnetet beyund the last metal dctc:clnt contacl. 
A yellow polypropykr1e lint w,ts sci between 

tlw two stuh:.'-:, rk110lrrlg the u:nter·lirW of lite 

stl\~. a~ tnlltc<t!cd by n;lcnsivc mel;~ I dclt;cling. 

llrrs ltnc was nm a rnapp1ng basc:ltrtL\ rt was 

u.c,cd solely c1:; i.l dtvcr oncntat10il l1nC In 

<rddJl]{)ll, ;-;event! Sl<tkC': were :;ci (o cli!tcr side 
(\I 1hc L'l:ntcdinc dcnuung the edge of (he metal 
di:lcctor COrllaC!s :!IHI Sl:rvcd <1.'; OIIC!II:J[JI.)IJ 

Pllll\lS Ill 

ill C C. Ill'. 

c·a:c:c a dtvcr ilccatnc ';cparatcd fro1n 

Thts systtmatic mttal dctecllng 

I"L:vc;rlt.:d ~1n obJL'cl sl,ghlly more tkm 40 !cc~t 

lottg, Wtlh tapcnng end:;, oriented alon~ ?.97"-
11 }" llragnelrc liArs 

Tile J'ir:;t cxcuv;tti(lfl unit was opened rn !he 

scmre localrotr as tile Jl)l)) NUMA lest 
c.xL·avalion ncar lite forward ll:tkll and snorkel 

hux. I' he fonvcrnl hatch was the J rr.~l tcalrrn~ 

lt:V(·ctlcd, 1.vhrch was ltlCaicd nllltL: tlr<III () :1 

Jirdct he low lhL· ';L·cr bed. The SL'Coml exc.avul!Oll 

unil was t~pened ncar 1hc s1nn. rtpprtlXJlll!ll\~ly 
~ lllctcc-, torwillll ul the art-mosl (HJirlt on II II' 

h1ill (nol lrll:lrtdillL; rtlddi~l, propellr:r·shrortd iltld 

SCIL'\,\) By the end or dtVIIlg Oil M<l)' 10, the 
forw:trd hatch, snorkcliloK, cut\valcr and d1vc 

pbnc' !tad bCL'll l:.:\j.H):Xd, lJUllht SlCfll CXCdVi.l[l()fl 

111111 lliid 1101 y1:1 u·vc:l11·d tlw tlll h:-lli'll 

1 lwrc(OJL', tdcnlil'lultlUll (1]' lite nbjC'l'( a~; If./. 

ff11nfn could rtul he vnJficd lkcausc of 



inclement weather from May 11-15, divmg 

operations did not resume until May 16. 
Excavation continued on May 16 aml17, 

the forward excavation unit moving aft, and the 
aft excavation being pushed forward. Finally, 
on the last dive of May 17, the aft halch was 
discovered in the aft excavation unit. Discovery 
of the aft hatch finally and unquestionably 
identified the site as the Confederate submarine 
1/.L. l/unley. 

Dredging continued May 18- -20. On the~e 
days, the two excavarion units were gradually 
joined and expanded forward and aft to the full 
extent of the main excavation, from JUSt forward 
of lhe cut water forward of the forward hatch to 
more than 2 meter~ aft of the an hatch (sec 
Figure 8.3). In addition,just forward of the afl 

hatch, the excavation was taken down to 
llunley's keel ballast, more than 2 meters below 
the sea bed, so this area could be examined and 
a hull cross section could be mapped. 
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 
nondestmctivc, were developed to monitor hull 
corrosion on modern, steel-hulled vessels. 
Because the speed of sound is d1fferent in 
wrought iron and cast iron than in steel, iron 
samples were procured locally for instrument 
calibration. None of the in~trurncnts, including 
the hesr, a Cygnus Ultrasound Thickness Gauge, 
produced re!Jahle readings during 
approximately 100 attempts in about 20 
difTerent hull locations. 

The Cygnus gauge, manufactured by 
Cygnus Instruments, lnc. of Annapolis, 
Maryland, is a multiple-echo, 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 ~hip's hulls without having 
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to remove coatings up to 5/16-inch thick. This 

instrument is usually accurate to .005 inches, 
+1- .002 inches. The Cygnus gauge also uses a 
single probe, which is especially effective on 
curved swfaces, like pipe, and we believed it 
would be the most effective for Hunley. 
Unf011unately, ir was impossible to obtain a 
steady, unambiguous reading with this 
instrument, likely due to the hard, resistant 
con·osion product ~trongly adhcnng to Hunley's 
hull. Apparently, the iron encrustation corrosion 
product sctf> up multipaths that negate acr.:uratc 
metal thickness detem1ination 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 
Bell and Bob Martore, marine biologists with 
the South Carolina Department of Natural 
Resources, made a single dive on Hunley at the 
request of the field director to examine hull 
encrusting organisms to md in the determinaTion 
of the site's burial history. 

May 22 and 23 were devoted to corrosion 
measurements along the hull and collection or 
various cnvironmenral samples. Dan Polly, a 
corrosion engineer, anivcd on site with several 
instrument~, some: of his own design, to record 
!Iunley's iron-hull conosion potential. Water 
samples adjacent to the hull and midway in the 
water column were collected and analyzed for 
salimty and pH. 

The remaining days before site backfilling 
began, May 24-27, were spent completing 
documcntntJOn of the hull and its principal 
features, including developing a hull profile; and 
collecting more environmental samples, such 
us slratigraphic sediment samples using a box 
core (Figure 7.5), water sample~, and coral 
samples from the hull. In locations where coral 
or encrustation samples were removed from the 



.Figur-e 7.1. Larry Mu1phy and Ll~onard Whitlock f'rorn Occanct.:ring, Inc. test the 

Cygnus Ultrasound Thickness Claugc. NPS phOLo by John Brooks. 

hull, a pll-m:utral epoxy was used to patch the 

hull encrustalwn, then:hy prevcnli11g the 

crcatwn of a local active corrosion cell. This 

epoxy coating proved parllcularly effective. 
'!'he material, Devclad I 82, prodllCt:f] hy Dcvcnc 

Coatings Canada, Dartmouth, Nova Scotw, is 

a splash-zone ban1cr cu<lt1ng that is hand 

applicable underwater. Tllii-> malcrial is a two 

component cpox y polyamide that has excellent 

cathDdic disbondment rcsJstance, and J'orrns an 

dlccLJ vc corrosion barrier. The matcnal is 

llllXl~d on the surface and sels up Uildenvatcr 
with a pot life ol' about an hour. This materi<il 

appt.!an;d ideal for th1s appltcation. 
On May 26, a syslr~matrc rnctal dclcclor 

survey was conducted from flunh:.v's how \0 

approximately 35 feel beyond. There was no 
indication or metal material beyond llw vcf.::;::el 's 

bow. The f'ollowtng day, the last before 

backfilling, a dredge \-Vas used to CHI'Cfully 
excavate a JHlrrow trench odong the hull 

CCillerlirlC lo Ute forward- and an rnosl poim~; 
on the hull (not including propeller, shroud, or 
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rudder) to obUiln accur~ttc overall length 

measurement;.; and dctcrmmc the presence of 

tile spill. 01· spilr Hllachrncnl l'illings. 

BACKFILLING 

Backfillmg began May 2~ when exposed 
hull documentation and satnp!c collection was 
completed. The Hlllial plan was to place a 

protcctwe layer of a strong, plastic material 
callc:d (JeoWeh around the lmll, and backfill on 

lop or tt. Th1s material would serve as an 
extrcrncly lout;h, phys1cal barrier to any 

ttnautl1onzcd exc<lvution atlcrnpl. UcoWcb had 

been used succcsdully by SCJAA uu Sites 
lncalcd 1n muddy, uncrt1dal /',ones, but tills 

would he its first usc on i\11 umlcrwatcr site. 
Th'~ mutcnal !Jus a hnlleycnlllh-likc 
coulif:.1lril1Hlr1, iiiHl WilS one;in;illy 10 1nchcs 

1h1ck. l"'roJCCt leaders dcc1ded L1"11s thJCkncss was 
unwiddy, so it 1vas cul into J-lllch th1ck 

:;cgnK~nls. A 4 foot wide section was stretched 

over the hull and pressed into the sediment, but 



Figure 7.5. Lany Murphy and Christopher Amer examine one of the box 
cores used for stratigraphic sediment sampling. NPS photo by Kathleen 
Middlebrooks. 

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

After removal of the GeoWeh, backfilling 
began in earnest. A 6-inch and a 4-inch dredge 
were reversed and sediment suJTounding the 
site was pumped over the hull. Ultimately, 
backfill dredging proved ineffectuaL Because 
concentration of sediment fines was so high, 
much of the sediment hecame suspended and 
was carried away. Evc:n so, at the end of the 
first day of backfilling, Hunley's hull was 
covered to approximately hatch level. 

Because of several days of had weather and 
small craft advisories, Anita l:ould not rctum 
to the site until June 3. Backfill dredging 
continued, but it soon became clear ano1her 
method would have to he devised. The 
dredging was extremely ineffident, and 
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excavation of borrow pits surrounding the site 
could potentially destab1hze the whole area. 
Backfilling was completed on June 4 by placmg 
56 sand-!"illed jute bags over Lh~ upper hull, 
hatches and snorkel box. The sandbags were 
filled with clean mason's sand. Before placing 
sandbags, several conservators were consulted 
~bout potential negative impact from 
introducing organic jute nexl to the iron hulL 
The wnsensus was there would be no negative 
impact, increased coiTosion or destabilization 
of hull encrustation (Donny Hamilton, Jon f. 
Leader, Dan Polly personal communication 
1996). 

The sand bags were filled on land and 
transported to the site aboard Anita. The bags 
were dropped close to the site and divers 
positioned each one atop Lhe hull to bring the 
sediment level approximately levd with the 
sun·ounding seabed. Later site visits by South 
Carolina Department of Natural Resources 
Divers confirmed the site had stabilized and was 
indistinguishabk from the surrounding seabed. 



CHAPTERS 

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 narrali ves and a few images, and these 
can be evaluated in reference to what has been 
learned about the vessel. Wrinen descriptions 
include a detailed account by William A. 
Alexander, one of the submarine's designers 
and builders; a description by Lt. George Gift 
of the Confederate Stales Navy in Mobile; an 
account by Hunley builder James McClintock; 
and a b1ief mention by Col. Charles H. 
Olmstead, who observed the vessel m 
Charleston. Images include sketches made by 
Alexander to accompany his w1ilten description; 
a December 1863 sketch and painting m~de by 
noted Ci vii War artist Conrad Wise Chapman; 
a late nineteenth <..:enlury skett:h made by Simon 
Lake after a dcs<..:ription by Ll. Charles H. 
Hasker, a survivor of an early Hunley sinking; 
and a possible. photo taken Deccmbc.r 1863 by 
Civil War photographer George Cook. 
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William Alexander, a 21" Alabama 
Infantry engineer, left a detailed written 
description and three Hunley sketches: deck, 
plan, and cross-section drnwings show1ng hull 
and inner mechanical features (see Figure 4.2). 
Unfortunately, this information was published 
in the New Orleans Picayune June 29, 1902, 
more than 38 years after the Hunley's loss in 
Charleston Harbor, and it contains some 
inaccuracies. Although perhaps giving a good 
vessel control-mechanism description, 
Alexandt:r's basic hull dimensions are off 
considerably (Alexander 1902; sec Chapter 4 
for a complete description). His sketches arc 
also substantially out of proportion and do not 
portray accurate vessel morphology, which 
lend lo cast suspicions about intt:rnal detail 
accuracy. Along with his written description, 
how~v~r, th<.;St: skt:tebes provides the only 
histmieal clues to Hunley's internal works. 

Another Hunley description was written in 
Mobile by Lt. George Gift of CSS Gaines who 
helped get the submarine ready for shippmg to 



CharlcslOn. 1-hs description COHl<liHcd w a 
letter to his l'ianci accuraidy described the 

ve~sel's basic dtmensions (Turner !995:5 -8, 
sec Chapter 4 for a complete descri pl1on). 

A lhi1 d dcsct iption was prov1dcd by Hunley 

builder Jarncs McClintock, who apparcnily 
became disenchanted after the war and 
cnnstdered rnovtnr: to Cheat llritain. 
McCimlnck, scc1l.:tly mel wi1h the 13rnish naval 
officers 111 Canada to discuss ciri:.-.cnship and 

continumg lw; suhmwmc work for them. lie 

sent .:1 letter to the British ofi"icct:-; m JS72 
dcla!ling work on11unley and its predecessors, 

and lrncrly clcscrilltrlg 1hr: Sl!hlfl<trint: (Pttblic 
Records OffiGe, ADM !/(J236; sec Chapter 4 

Cor a complell~ dc.scriJ>liotl). 
Col. Charles [I. Olmstead, who conllnanded 

Confederate forces at Charleston's Fort 
Johnson durin~·. tile war, provides the founh 
llunley dcscnpuon. After observmg !Jun!ey 

docked al Fort Joltnson, he wrote "rtlt was bu1li 

of boiler iron, about 30 feet in length, with a 
bceadth of b(~Hrn of' 4 feCC by a vertical depth of 
6 feel, lhc f'ir,tJrcs heine approxnnate only" 
(Olmstead I H?-;1, m Kloeppel 1987). Like 
/\lcxattdef's, thest: ol)scrvat.ions were appitrently 
rcconled somc!wtc after I he war and, therefore, 
not entirely reliable. 

Probably the rTJOSl accurate !!wiley depletion 

IS ComaU Wist.: Cllaptuan's sketch made while 

1ht~ vessel was dry-docked December 2, 186J, 
rollowwe il.-: second stnklllg. m which 

namesake Horace 1 .. J-lunlcy lost hts life. This 
sketch was 1 he has is ror a later pawtmt,, elated 
December 6, which 1s the most well-known 

fhmley tmar;c (Kloeppel J<)R"/:64) (see Ftgurc 
4. l ). ( .'hapman was an acii ve C1 vii War artist 
who sketched <md painted many Cl1arleston 
war scenes incluclinl_~ views of Confederate 
defenses, trondads and cnrnhal. H1s !Jwtley 
views arL~ vny del:tdcd, and they pruvrdc an 
accunlle e,encral tnwe,c: of the suhmanne. 
Chapman'~ skcLch and paintiug show generally 
U(;t;uralc pltlCerncnl of fflt!l/ey's lll<till features, 
including hatches (conning lowers), snorkel 

····---···----

hox, and dive planes. Altllough there is no 

cwrent ev1denee to judge his dcpicliou of the 

slern rncchHlllSms and keel ballast, he dot.:s 
accurately depict a fair hull at the bow and 
stern, unlike Alcxamlcr's rather boxy 

illuslnttion. 'J'he <mly <qJparcnt inaccuracies 

thal can Uc noted, based on archcoloe;ical 
obsr.:rvaltons, at·c (llaecmenr oft he spn1· torpc<io 
and the an cui water f01 ward of the hatch. ft 
could be, however, that the torpedo dcl1very 

system was altered after Chapman's 
obscrvlllJOn.<;, 

Another !lun/ey irnage was produced hy 

SinHlll Lake, a rc::;pccted turn-ul-'-thc-century 

suhmann~ cxper1, and published in McLures 
Maga~:iHc January I R9l) (Fir;ure S.l). The 

sketch was based on his I ::FJS mlervtew willt 

Charles l-Iaskur, a Sll! vtvor of l-funfey'.1· fir.<;l 
Charleston sinkiug. Lake's skctclt is rather 
crude and contains on I y two items or pnrliculur 

tnrerest: five dcadlights on the uppr.:r hull 

between the hatches (although 1t does not 

depict a snorkel box) and lite spar torpedo 
arrangement, which is anglctl downwtHd to 
deliver !he torpedo well below wakrlinc. TJw; 

is the only historical source to includr.: 
deadlights. While this may not be an entirely 

accurate depiction or the torpedo deli very 
,;yslem, i1 is the only historical soun..:t: that 

sllows sorncthtng other than I he how-mounted, 

straight torpedo :;par. Although spa1 details sttll 

rem<Hn speculative, an arrangement that 
delivered the torpedo charge below tile 
waterline would clearly be more ciTcctivc tbau 

one striking at the waterline moun led upon a 
slnught spar. Dunng its attack on lhc 
blockading flecl off Charleston, Cotl!J!Hillding 

General lletlurcganl ordered liunle1' not tn 
submerge, making a straight hull Hlllllntcd 
torpedo less ellecti vc than Lake's arrangement. 
Futlhcrmore, II ou.wron ic' s Assistant Rngi ner.:r 
Mayer's testimony suggests the propeller shaft 
may have been seve ted iu the explosion (Rngnn 
[995: 138). Such an cvcnl would he more 
consJstcnt with an explostO!l well below the 
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Figure 8. t. Simon Lake's 1899 drawing of Hunley. Though inaccurate in many 
ddails, it is the only hislurical depiction that includes deadlights. 

waterline than one from an explosion at the 
waterline where a straight bow-mounted spar 
would place it. 

A final depiction of IIunley might be an 
actual photograph. According to Ragan 
(1995:127), a black-and-white vessel image is 
believed lobe a George Cook photograph taken 
in December 1863. Cook's view of Ilunley is 
the same :.tS painted by Chapm:.tn at the same 
time. If it is a photograph, it is probably of 
Chapman's painting rather than the actual 
submarine. Por 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 sources located so far describing 
or depicting H.L. Hunley. Chapman's work 
appears to be the most accurate, but contains a 
few errors. Although Alexander would seem 
likely to be the best information source 
considering his close association with Hunley, 
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the delay between his involvement with the 
submnrine and recordmg his observations was 
apparently so great that it lead to serious cnors 
and misrepresentations. The same can be said 
for Lake's skelches, especially since they were 
done from ~econdhand infonnation. They 
include some interesting details, but hold very 
little weight overall. The information contained 
in McChntock' sand Gift's descriptions, while 
probably representing the most accurate overall 
dimensions, provide few additional details as 
well as several errors. 

These few historical desCiiptions and 
images served as a hasis to develop a set of 
decisive attributes with which to make the fteld 
detennination of whether the vessel being 
investigated wasH.L. Hunley or not. Excavation 
planning, documenting and interpreting remains 
were also based on this historical attribute set. 
It became clear during the course of this 
investigation that none of the historical 
accounts was particularly accurate. lt was also 



clear that given th(; paucity of firsthand 

histoncal records about 1/wdey, the material 
record JS !he be:;l source for w:curatc vessel 
information, as it iS with most histori<:al 
sh1pwrecks. 

!lULL llESCRll'TlON 

Hi,. 11un!ey is located in approx.Hnatcly 30 
feet of Willer nnd buned under about a meter of 

sediment aruuml four nautical nnlcs nllsllore 
Sulliv<tn'~· Island. The .'>llhrTI/ll"lllC's bow 1.\ 

onC!Jted towan.!s 1.07" rnagnetic, po1ntcd 

m:arly din:clly towards Sullivan's Island. The 

hull i.'> canted about 4'i" to starboard. Overall 

hull length 1s Jl) feet 5 inches, fro1n the tip of 
the upper bow to the alt-most pomt on the uppl~J· 

hull, not including propel!Gr, propdlcr shroud, 

and ruddcr asscJnbly, wh1ch were not observed 
(Figures 8.2, 8.3 and 8.4). 

Hased on profile measurements, the hul! is 
3 feet 10 1ndw.<.: wH!e mhwarUJnp and 4 feet .l 
inches from hull top to the bottom or the keel 

b~lllasl. The kl.:l:l b<tllast 1s t1% iuch~s thick at 

the edge, but ruther than rectangular shaped, tt 
is probably concave on its upper l"acc to fit the 
hull's bollom radius so it should be somewhat 
thmncr in the middle. The vertical hull 
diml~n:.:ion is impreCise because thL~ kce!-hal!asl 
cent~r thickness ts unknown. 

A very indistinct longitudinal s~uu1 from tlw 
iron strip i11scrted dll! i ng !fun fl-y's COilS II uct ion 
was ob'icrvcd dunng the cxcavatiol! forward ol 
the aft hatch that exposed the keel ballast for 
nH.:t~suremcnt Though dcsetibed a~; 121llchcs 

wide by AlcxalJ(icr { 1902), tlns 1ron ':>trakc 

measures 9 inches wide. Because or marine 
encrustation, it was only possible to sec the lop 

scam in a few locations; Lhc bollom scam was 
indistinct. 

Doth bow and stern hull sections have a 
very fair shape; they narrow altuost to a point 
at e1Lher l:nd, but the narrowmg is gradual, ami 
the cntirl: hull appears fair. Tl!is 1s only au 
impression be<:ausc not cuough urllunley's bow 

and steen section~; were exposed to obtam 

lnngitudi!lal hullliucs. 

O!tly ouc vcrtJcal scam was observed on the 
cntuc hull. Althou.e,h others cerluinly JilUSt be 
prcsl:nl, they a1 c apparent! y obscutcd by 

encrustation and corrosio11 product. The single 

vL~1·11cnl scam was slightly forward of the aft 
hatc:h, aml may he where lh(~ first cour~;c of plate 

attached to the 01 igwal bodcr reportedly l!S(:d 

in hull construction. lfthis ts the r;asc:, then the 
cnst-Jron aft hatch iS not allilchcd directly to the 

\V!"Oll£.hl- in m hoi lcr CO!lll nisi ng the central hull. 
!Junfr:y's princqntl features cxposed ami 

ducumentccl during the excavation include the 

forward hatch <md cutwatcr, snurkel box, an 
hatch, port dive planc, keel hallast and the 
pn:vlOttsly unknown dcadlights (Figure 8.2). 
I.Sil110n l.ake':-; sketch was located ;tfter 
fieldwork ceased. I The propeller, propeller 

shroud and 1 udder u~scrnhly were left 
Ull([isturbcd and were !JOt ni1SCJ ved during tl11s 
a.c;scssment (l:igurc 8.2 and 8.3). 

I! unley has 1 wo lwtche~;, or conning towers, 
loct~tcd l(i fec,t '~ lllchcs apart (HJ the hull-lop 
ccJltcrliuc. The hatch cover.s open Lo\vards each 

other, tltL~ forward hatch cover is hinged on ils 

a !"I r.:Jld, a11d tl1c aft cover is l11ngcdon its l'(lrwanl 
end (Figures 8.2, 8.5--8.8). bach has a douhlc­
llingc mcchanic;m (Figure tU}). Both lmtd1es 
are oval shaped, 1. feel long at the base, and 
JOined to the hull by a raised flange, and both 
IJutches are I lm11) inches tall on the centerline 
and I fool :H-;J mc!ws tall on the outside edges, 
a !unctiOJl of the illlll rachtts. The hatch covers 
ate I foul II 1nchcs lone (L feel l111ch including 
the hinges); Liley Uil~ I l'ool ') !ilChes wide. Only 

one vicwmg port was observed on ench hah:h 
coanung, both on the port sidi~ {l ··i~1m~ X.6). 

Both purls ure 5 inches in t.!iarnc1er, Jnclucling 

the outer l'!auge. The act11al viewing purl wus 
mostly !"illcd in by nwrine CJJCJUS!Htiun, sou 
precJsc Jrteusulenll:nt wns nor po.ssiillc. Tlw 
flli\Vard hatch Vli.:Willl:', pori is placed slightly 
lower on the lunch co;umne,thanlhc one on the 
ul1 hatch (l~"igurc X."J., R.(J and K.'/). 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 
Museum. 

llr .. 

Figure 8.4. Attist's computer reconstruction of llunley based on archeological data. 
Note: No evidence was detected for the bow tmpedo spar depicted. Computer 
graphic by Dan Dow dey, South Carolina State Museum. 
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ports wr.:re observed on either the forward S1dc 

of tile f'orward hatch, \h(; afl sidG of the cJ!'[ hatch, 
or the slarbuanJ side or Githcr. UecaUS(; of the 
hinge assembly, there is no room for a viewing 
port on either the art side of the rorwacd hatch 
or 1 he forward side of the aft ha1ch. The forward 
side ul- thG rorward halGh coaming, just to port 
or the cut water, has a large hole in it, which 
may be lhc location of a l'orwHn[ vi(~Wiilf:; pon 
(Figure 8.7). This I& n ltkely VJewportlocation 
to allow the pilot to sec forward when undnwuy 

w11h a secured hatch covl~r. This H1ea is 
completely bruken out; there were no clcm 

indications here of a viewport flange. This is 
the only hull damage observed, and it was 
indctGnnmate whether this damage occurred 
during the cnp;ae,emenl. The edccs are 
comple!Ciy encwsted, indicating it is l1kcly 
contempomncous with ::::ink1ng. This holeeould 
have been cuused by llou.1·armtic small-wms 

fire. whwh !Jwke out a fmward view pon and a 
section of the solid L:ast-iiOil hatch coaBlHJg. 
h1tu!c archculogH.:al work may reveal what 
cau~ed the forward ha!ch coamme break and 
revise this speculation. 

The snorkel box (or air box), located 1 
inches aft or the forward hatch (l'igurc g,2 and 

g,9), is a rectangular box 1 foot 2 inches wide 
and 1 root 3 inches lone set nn the ves.r.;el'::; top 

center! me. lt JS '!1:-'4 mches hieh at the outboard 
edecs, ;md ()Jj, inches h1gh on the ccnterlme, 
agHlll because uf hull curvature. On e:.tch 
outboard side is a diamond-shaped stuffing box 

aml stump of a snorkel (Figurc 8. 10). Each 
stuJ"J'ing box is l l inches long and 5 inches 
wide; both snorkel stumps arc Jl/l inches in 
diarneter. 

Forward of the forward hatch is a 3 foor iJ 
mch-long cut water (Figure 8.2 and J<"i~urc 8.7) 
that 1s K% inches high where att<Jched to tlw 
fo1 ward hatch. Joining it to tile forward hatch is 
a 21/!-inch-diamcter rod, which is 7% inches tall 
ami sits atop t!tc hatch fl1mgc. This cut water is 
made from a single iron sheet whose thickness 

varies frow 1/1 to 1 inch dur: to conos1on 

pwduct. Although Chapman depicts one in his 
painting, Uwre is no evidence of a cutwater 
forward of the aft Jmtch, !lOr lS thc1e a place !'or 
one because of lhe hinge lllCCha!liWl. lt i~; 

unlikely the vessel ever had one. 
The port dJVc plane was exposed and 

documented. fl is 6 feet lO inches long, with a 
·1-inch-diam1~1er pivot pin in ils cenlcr 
connecting it to the hull; an ~~xtecnal stuffine 
box was not VISible. The dive plane is 8mches 
W](le aml between 11.4 and IY? inches tluck. 

Both leaclmg and trai!Jng d1ve plane edges are 
rounded. It is tilted upward from horizontal 
100, poss1blyits finn! settine by the crew. Lfso, 
they were apparently trying to reach or 
maintain the ~;urfacc. The starboard dive plane 
was not exposed. 

Depicted only 1n I ,ake's [ fN 1) !Junley 
image (Figure S.l), five pnir~ nr 'J,-inch 
diameter deadlights wete observed ulong !he 
hull-top centerline betwectt the snorkel box and 
the art hatch (figun; 8.2 and g. I I). Each 

dendlie,ht is ~ inche!; off centerline lo port or 
starboard; each pair 1s 10 inches apart 
athwartship. The forward-most pair 1s 2 feet 
21/""l incht.:s aft the SilO! kc! box, and then each 
pclir is spaced bet ween 2 feet 6tnchcs and 2 f'cet 
9 inches apart longitudinally stern ward along 
the hull top. Glass is present in all dead lights 
observed 1~xcept one, which had marine 
cncrusttttion filling the openmg. fn snme, the 
gbss was cracked. The afHnost port dcadlight 
appeared to have a 1/L-iuch-widc comumg or 
collar around it. This w<ts not observed un any 
other dcadlighl, but it may be obscured by 
encrustation 011 thG others. 

During doeumcnt<ttion, nearly 7 feel of keel 
ballast were cxpm;cd. This solid-iro11 pice~__: is 
4% lllChcs !hick a! the edge, and [ root I() 
it1chcs wide aihwartshtp. One JUIIClJOn seam 
ncar the furwan.l ~.;nd of the exposed portion 
was observed, wdicatiug at least two sections 
of keel ballast arc in their original place 



Figure 8.5. Aft view of the aft hatch. SCIAA photo by Christopher Amcr. 

Figure 8.6. Aft hatch, purl side showing v1ew p01i (foot-inch scale stadia). SCIAA 
photo by Chlistopher Amcr. 
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l1'igurc H.7. hmvard hatch from port side looking aft with view port on the right and 
GlllwaLcr running forward on the lef't (two-inch-square stadia 1n inches). SCIAA 
photo by Christopher Arncr. 

Fi~urc !-Ut Afl hatch cover, top view, JJt:,hl SJtiL~ faces forward (fool-inch-scale 
sladut). SClAA photo by Uuentet Weber. 
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Figure 8.9. Top view of air box, right side faces bow. SCIAA photo by Christopher 
A mer. 

atrached to Hunley (Pigure 8.2). We did not 
expose the keel ballast's stern ward end, so we 
could not determine how far aft it extends. 

A nan·mv trench was excavated along the 
vessel's rap centerline to its forward-most 
point. From the cutwatcr 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 
extremely thick, and remnants of such fittings 
may be obscured. 

During the excavation along the hull top to 
the hull ends, towing or mooring holes were 
observed on both the bow and stern similar to 
those depicted in Chapman's painting. These 
holes pass laterally through lhe narrow ronvard 
and aft hull sections, and appear to pass through 
so1id cast iron. The forward hole is 7 inches aft 
of the how and 2 1nches he low the hull top. The 
afr hole is 10 inches forward of the stem-edge, 
and 3 inches below the top. Doth holes were 
blocked with mmine encrustation. 
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Por much of the excavation, archeologists 
did not dredge further astern than a large 
concretion attached to the port top hull, just 
below the centerline and approximately 3 feet 
from the hull's actual stem edge (Pigure 8.2). 
Par much of the prqject, this concretion was 

referred to generically as the "rudder actuator," 
because it is in the approximate location of the 
point where the port rudder arm leaves the hull 
as dep1cted in Alexander'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' f> top .srem 
end was expusc:d, the beginnings of a bulge on 
the vertical stern edge was noted. To the 
excavator (Russell), this fdt much like the 
ruddc:r assembly depicted in the Chapman 
painting, which shows a single rudder-acruaror 
ann protruding aft from a cowhng in the stem-



most edge of the hull. Alternat iw~ly, howr.vcr, 
the bulge may he part of the suppmt ror the 
ptopcllor shroud, ami thr.: sidt.: ruddr.:r actuator 
anm (1f present) may not have been exposed at 
at! duriug tliis test excavation. 

At least len concretions, in a variety ufsizcs 
and shap~:s, were recorded mt!lunfey's hull, all 
of which arc unidentified. These muy be 

onr_inal hull features, or rncrely ferrous obJCCls 
or fragrncttls that became attached to the. hull 
during the burial process. h>r itiSt<lncc, a 
concretion just below the snorkel box may he a 
snorkel frag1nent. 

During cxcavatiOil, a very distillct shell 
layer was observed m the stratigntphy. and 
scvrontl hones: and a small pwcc uf wuod were 

recovered from this stnltl\111. OtiC bOJIC was 
clearly a11 intrusiw llHtrine tnarnntal. Another, 
willt a distinct cut on one end was identified w; 
a porlJon of bovine sternal cart!lar.c 1hm 
connects 1he nh to rhc sternum likely l"rorn a 

'·"' . 

!xiskcl crtl or short plate cut of meat. · J'he cut in 
the bouc was probably ll!adc Wtlh a snw, nllht:r 

than a blade. The bone c:ould be ft"un1 a Jlllmbcr 

oi" places, possibly one of the bloc:kading 
vesseb or maybc /lousa/onic. It is cxtretncly 
unlikely, however, that the bone is from 
1/twley. 'Cite wood was identified as Douglas 
fir, nnd 1S also tntru:;JVC to the site. Two pieces 
of coul were also rccoven~d dttfint cxcavalton. 
011c was cotlc.ctGd from ncar the shell layer, 
while the other was actually found under 
1/unlr:y's keel. Th1s mdicatcs the coal is 

conlcmporancons wllh the sinktne, hut ts 
ohvtnttsly not frolll llunlt:y. Analysis 
tdl~nttftcd tt as mcta-anthracttc, from the 

nurtheas1e1n Llrlltecl States. The cn;tl IS 

possibly f!omllousaflmic, lost when it snnk, or 

front any of the blockading vessels that 
dropped coal ovctboard, possibly during re· 
coal me. A complete inventory of" :;am pies and 
spec 1 mens collected are lis I ed m the Field 

-~--'--' ---- -

l'igurc 8.10. A1r box port sH.!e \\11th ~tullitlt hux and snorkel ~luh. Temporary 
rnappiog ltne IS VlSJblc a! mr hux hilSC (1\VIHnr:h-sqtmre st<HIIi! Ill nH:h!OS). ~Cli\A 

photo by Chnsiophcr Amer. 



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

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

H.L. Hunley's archcologkal documentation 
revealed several discrepancies between 
histotieal vessel descriptions and the matelinl 
record. Some are errors in reco11ection of 
people closely associated with Hunley wnting 
many years after the fact. Others are because of 
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erroneous second-hand infonnation. Main 
vessel attributes descnbed m historical 
documents, however, were present and aided 
the site's positive idcntific<.tlion as ll.L. Ilunley. 
After positive idenlification, the next project 
objective was an assessment of the submarine's 
condition. The methodology and results of that 
assessmenr are discussed in Chapter 9. 



CHAPTER9 

Site Analyses 

T.arry E. Murphy, Matthew A. Russell and Christopher F. Amcr 

As stated in Chapter 8, the site examined 
during this assessment is unquestionably H.L. 
Hunley, sought on two prior occasions by the 
N alional Underwater and Marine Agency 
(NUMA) (Cussler 1981; Browning and West 
1 984) before they located it May 5, 1995 (Hall 
and Wilbanks 1995). This chapter presents 
analytic results, considerations and iniCrcnccs 
about II.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 sitc-fonnation processes, particularly 
regarding deposition, sediment context and 
metallurgical attributes relevant to hull 
corrosion and mechanical strength. After site 
verification, investigations were directed toward 
providing information relevant to assessing 
vessel recovery potential. Various research 
reports referenced in this chapter are included 
as appendices. 
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REMOTE SENSING 

Further remote-sensing 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 Hunley's position relative 
to the magnetic anomaly recorded during the 
predisturbance survey. The 20-gamma 
(nanotesla) contour encompasses a 1,000 
square-meter area. The contours presented are 
absolute gradient contours, produced by 
subtracting one point from the next and plotting 
results at the position of the second point, which 
produces absolute variation from ambient. The 
configuration is commonly called a multiple­
component anomaly consisting of a single 400-
gamma positive anomaly and two 200-gamma 
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Fignfi~ 9. 1. 'J.O gamma magnetic contour::; over Hunley position. 

negative anomalies I 0-1 ). meters southeast ami 
southwest of the positive point. Hunley, 
basically a cylinder, would be cxpct:tud tu 
producf: a dipolar (single positive ami negative 

compoucnts) umguutic anomaly. The dual 
uGgativc aspccls of ilw anomaly indicates a 
posGitnlity there may he additional material 
:;onthwest of fluufey's bow. The possibility of 
metallic torpedo spar au-ached to the lower bow 
is discussed hclow. 

During ihe assessmcni, f-lunley's hull top 
was excavated to ascertain overall hull length, 
and it was examined for torpedo spar-related 
rcatllres. No features were found. Repeated 
mdal dctcctol' surveys <mJ au ~.;xamination with 
a hund-hcld cesium magnetometer gave no 
mdications of actditional1ron feature~ 10rw<tnl 
ofthe bow. The lower bow forwafd orthc dive 
plane was not excavated. H the hull is 
rccoverr.:d, an area forward and sonthwesl o rthe 
luwGr bow for 6 meters away fforn the hull 
bottom should be excavated durine the recovery 
to ensure there arc no rernair~s of a torpedo spar 
mounted to or near ihc hull. 

SUB-BOTTOM l'ROF!LER 

Cl-enentl Suh-Bottom Record 

A suh-hottom pro£1lerrecord is th~11icted in 
Figure 9.2, with a data transect location map ill 
.Figure 9.3. Thc.:sG data and interpretation were 
provided by Scott HatTis of the United States 
Geological Survey (USGS) Coastal and Marine 
Geology Program. 

Sub-botlom pro/lie data were collected 
April J 995 (!board NOAA research slup Ferrel 
as a part of the USGS South Carolina Coastal 
Erosion Project. Four prominent geological 
units arc identifiable in the f-fwdey-flousatonic 
study area: 1) early 'l'crtiary (EoccJte) sediments 
at lht.: bast: of the profilt: incised and infillcd 
by; 2) Oligoctmc Gulf Trough deposits; 3) 
additional, gt.:nerally flat-lying, Tertiary 
deposits (Oligocene to Pliocene), capped by; 4) 
ihlll disconiluuous incised Quaternary 
scdilllcnts. Bl.!causc tlww were no deep cores 
taken in the area, Holocene and Pleistocene 
deposits can not be reliably distinguished. 
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Figure 9.2. Deep penetrating sub-bottom profile of nearby sediments. 

However, core data available from north and 
west of the study area indicate the Quatematy 
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 to its present 
leveL Sea level approached the current level 
about 6,000 years ago, with fluctuations of 
about 1 2 meters recorded every 400--500 years 
(Brooks et al. 1979; Colquhoun and Brooks 
19R6; Colquhoun eta!. 1981). To the east, tidal 
channel facies backfill Quaternary 
paleoincisions, which is typical for former 
bmricr islands resting upon high sections of 
TGrtiary 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. It is provided by Darren 
Moss of EdgeTech, Milford, Massachusetts. 
The first return on the image ffom the top is the 
seabed. Although flat, the seabed appears to 
be hilled, which was caused by variable 
distances between the sensor and the seabed; 1t 
does not represent changes in the seabed itself 
The survey vessel was first slowed while going 
across the site area, which lowered the sensor 
making the seabed appear to rise. Vessel speed 
was incrt.:ascd causing the sensor to rise making 
the seabed appear to deepen. The hard n:lum 
in the center screen represents returns from 
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Fij',urc iJ.J. Uccp penetration sub~boltmu tlanscct. 

I fun{e\''s hull, whose exact oricllt<ltioll rdativc 

lo tile scnsm's puih 1s unkuown. This record 
i nd icatcs 1 lunlev is buried about 1 n Jet cr hr:JIC<lt h 
the seabed, wl1ll~h was verified by !he 1cst 

exeavatio11. 

SITE FORMATION PROCJ<:So'a<:S 

1\ prlllCIJlHitt:scarch domamlaid out in the 

research dcsJgJI (sc:.e Chapter J) W<IS 

i11Vt:Sltgat10n Df natural sito-forrnaliun 
[liUCe<;scs. Cultural aspects or the fltw/ey-

1 /ousu!onic sit~.: art: concerned with how these 

sh1ps vv'CJT lost, and historical ;tccounts arc 
hrrr:fly reviewed JOr what they can 1llummatc 
abnutthc nrchculogical material. 'J'hcse wrecks 
have gcr1Grated nnrcll speculation, which will 
only be resolved through documentary cvHlcnce 
comb111cd with arc!H.:ological evidence and 
JnlCICI!C.Cs based upon both data sets. A 
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particular q uestwn rcwmli ne r f. {,, II /IIlley) liS I ( 

i[.; with most shipwreck sites, is establishing tht: 
bumlllrcbLJrial sequcncG, which can be ~l primary 

l~Jclor in arlil-1tGt (in tl1is case h11ll) pres(~rvat1on 
a11d establishing archeological associations. 

WRI'CK I':V~NT 

j/ousuionic I ,oss 

llisturical documents suggest 1/ull/cy 

approached 1 loll.\'tttooit: Ji·omllle starboard side 

IW<lr the stern perpendicular in the vessel at " 
speed of perhaps 3 to 4 knots. The subrnarillc 
was spotted about 100 yards fron1 liH~ slnp a1td 
W<Js visible: for ahout two rninutcs d11rine whtch 
1/ousa/onic's engines were sturtcd imd the 
anchor slippud. One witness (FlcminL,) 
reported spotting the submarine 6 8 fi:~ct offthe 

starboard quctrtcr immcd!ulcly after lhc 
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Figure 9.4. Data screen ofEdgeTcch sub-bottom profiler over Hunley site. 

explosion, another witness estimated 40 50 feet 
away (Kloeppell987:85-87, 94). Housatonic 
listed to port and sank within five minutes with 
five casualties. There has been no explanation 
offered to account for the port list from a 
starboard hull breach. 

Historical Blast Description 

Eycwitt1esses aboard Housatonic recorded 
their observations of the blast set by Hunley. 
Their descriptions support Hunley's torpedo 
exploding well below the sloop-of-war's 
waterline after the submarine made contact with 
the hull and retreated. At least three witnesses 
agreed during the Naval Court of Inquiry into 
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Housatonic's loss that the submarine 
approached at about 3 or 4 knots to within 2 or 
3 feet ofthc hull just forward of the mizzenmast, 
set its charge, and backed off 40 to 50 feet before 
exploding the torpedo (Higginson, Crosby and 
Pickering testimony in Kloeppe11987:86-87). 
Acting Master John K Crosby, officer of the 
deck during the attack, observed: the "explosion 
started me off my feet, as if the ship had struck 
hard on the bottom. . . . I saw no column of 
water thrown up, no smoke and no flame. There 
was no sharp report, but it sounded like a 
collision with another vessel" (Kloeppel 
1987:80). Lack of a water column indicates 
the charge was placed well below the hull and 
not on the vertical hull side. 



Jlotls(l/onic Damage Asscssrncnt 

Captam Josc;ph 1'. Creen, who exammed ilu .. ~ 

wreck on February 20,1864, three thty~; allcr the 

blast, reported the ··spar deck 1.5 feet below the 

surface uf Ole water. The after parlor her spar· 
d(~t.k <~ppe<Jr.<; to be completely blown ofC' 

(Klm:ppcl ]l)g7 92). A lllvcr mvcstig<tltd ihc 
wrr:ck 1nrw momhs later and ohsGrvcd: 

The propdkr 1s in an upright posillon; 
the shan appears to be broken The 
rudder post and rudder have be:cn pari ly 
hlown of( the upper parts ofboih are 1n 
their 1 Jropc:r·J11accs, whtlc tltc ]o\vcr parts 

have bec:tl Co reed aft [K lrwppl:l 

1987 92] 

1 lunic/s loss ha.c; fH:en H mystl:ry, and much 

of lhC my:.;tcry wJIIremainuo\J! COlllpJclioll of 
dcliukd labontlury ltull examinatiOn. ()rle of 
the most COJllpelltng (jllCStion:.; rcqlttring d11cct 

l1ull cx<Ull i nat ton is whcliH:r the: subu tan nc.: s<w k 

u>; a t·estdt of the exp!oston OJ some other set of 
cu·ctml!;(nnccs 11 is rlciJJ Jlunler did not Sirlk 

tllltlJedJ<Jtely, histm ical sources rcpllrL tha1 hluc 
lt glt ts, lfunley' s si gnalto rts shot G c;upporl, were 

seen by Jlou.wtonil." t:1cw mcmbc.:n; atKl tho:;e 

on shore (Kloeppel 1 1)~7:9!) . .!)5). 

Ft1hr~r small arms lire or blast danwpc OJ _, , 

the combwatlUtl, could have conlp!ornt-;cd 

lf11uln·'s hull intc..;grity. ff small arl1l.s ftre 

pt'rtdt"d\c.d lhc shell plalc, tl likely would h<tVG 

hc:en 1-'tsrblc 011 lite ltull top, the mo~,l vulnerable, 
and lht: rnost cxamitlcd, hull section l"l!l!IC: 

IN;t;; rourl(i. All lmll-wp dcadlights appeared 

tnlacl, althoutll ~;omc gla<.;s appears io have 
n <teb, which pctldralc tis eJrl1re iltKknc~;s_ Tile 
only hull damage ohscr vcd was lo tile forward 
hatch co~.~rntnt; (comung lower) 1-vhcrc "''t~ 

assume <1 glass vrcwpor! similar to lhc or1es on 

the port srdc ctlcrntntgs would llav'c be-en 
WrlhanJ.:s (personal contHlttllieation I ()()6), 

alllong others, has suggested the forward port 
was damaged by small nrms fire during the: 
aUack, whteh !"its 1hc rnaiCrlal t~vid!~rlCl~ This 

port would have hccnlhe nrost likely lar!_',f:l 
it was the lugilusl obp:ct above lhl: water and 

tile rnost visible, particularly i f'lhcre was a light 
ahoatd the subm<nine. Apparr:ntly it W<lS 

standard procedure lo operate Hunley \Vtth a 
ctmdle Iii to moniioroxygcnlcvcl <Jml illuminate 
tile compass, steering wheel and diving lever. 
r·-atlure to have a candle lit was con~:idcred 

cordnbutory to an curlier Nunley crcvv luss. 

1/ousutonic crew members tcpot ted sct.::mg a 
ltglli "as 1f 11wugh through ct deadltgh1" 

(Kloeppel 1987:46 47, 72). H!a~t damaec 

po!entwlts mldrcsscd 111 detail br..:low. 

lllstoncal accot ml ~.; indr c:at r lf 11n I ey ca1r1 eel 

a copper torpedo conl;unmg !)() pmmds o!"hlac.k 
pmvdcr on a bow-mounted 22-l"ooi pt!lC boom. 
A socket held ll!c torpedo on the boottr 
(Alexander 1902 in [(!ocppel 19tU 88) 

81ack powder i~ c!asKecl as a dcllagralntg 
or "low" explosiv1· 111 comnrclCHil blasting and 

.:1s a propellnnt by llic ntilttmy. Unlike htgh 

explostvc:s, black powder docs nul h~1vc true 
detorwline. veluctiy. In con lined spact.::.•;, bhtck 
jlfJwdct hasH vdouly of 560 to 2,00() feet per 
second. !11 cotnparison, dynalllilc, a high 
explosive, ll<l!: a velocity between 4,00() 2:\,00() 
J"c:cl per second (Blaster<.;' IL111dhouk 
1%7 26,77) 

World WM II prompted l~XlG!lSJVe 

ur tdcrwatcr cxplosJOn arr:rl yst s. K nmv ledge a tid 

limn ulas about undcrw ater cxp losrnJ ts pr ud Ul:cd 

lry rl11S arralysis arc usdlrl to LUHkrslilndtJlg what 

may lrHVC sunk !fun lev. 

For c.xplostCHlS, water is treated iL'> r111 
rnUJif!JHcssthlc. medium that spread~ an 
cxplostVI.>·gencratcd shock v..·;rvc 1n <Ill 
drrc·cttons, and there 1~; a d1rcct rclilllonshtp 
h(!I\Vcen cxplns1Ve ~;ti.C and d.istttncc :uHl shock·· 

V..-'dVc rnlcnsriy A fonmda charactcru-:tne lhrs 



relationship is P=W 113/R, where P is peak 
pressure in poundswperwsquare inch (psi), W is 
explosive weight relative to TNT in pounds, 
and R distance in feet fiom the explosion (Cole 
1048:122). To calculate the formula, black 
powder effectiveness relative to TNT must be 
established. One relative effectiveness standard 
relates to breaching charges, and black powder 
has an effectiveness of .55 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. Three 
distances arc particularly relevant: 20 feet 
represents the spar distance, 50 feet was the 
distance Hunley reportedly retreated prior to the 
explosion, and 200 feet, the distance Hunley 
was to have towed the torpedo in its original 
deployment (see Chapter4). At20 feet, Hunley 

Blast Pressure: 90 lbs Black Powder 

(49.5 lbs TNT equivalent) 
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Figure 9.5. Blast pressure. 

received a shock wave of 2,383 psi; at 50 feet 
953 p!:i and at 200 feet 238 psi. Figure 9.5 
presents blast pressures Hunley would have 
received at various distances. 

To put these pressures in perspective, an 
unprotected 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 because they deployed their 
blue signal lights. The question is, could the 
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blast have caused hull damage partially 
responsible for Hunley's loss? 

In1852, a law was passed setting maximum 
allowable working pressure for any boiler at 
1! 0 psi, and each boiler had to he tested yearly 
at 1 'lj times its working pressure (Burke 
1972:110), which would be 165 psi. Some 
steamboats operated with higher boiler 
pressures, for example the USS Cairo had five 
36-inch by 24-fcct-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, highwpressure boilers capable of 
operating at 150 psi, would have been expected 
to withstand pressures equivalent to the 1 Yzw 
timcswworkingRpressure test or 225 psi. This 
latter pressure, although illegal hut perhaps in 
common mid-ccntmy use, can be considered 
the upper pressures an intact boiler would be 
generally l:apable of routinely withstanding, 
although their burst pressure would be much 
greater. Based on blast pressure calculations, 
Hunley would have received pressures in excess 
of rated test pressures for the boiler composing 
the central hull portion to at least 200 feet from 
the torpedo blast. 

Hunley's central boiler hull portion was 
most likely the strongest pa1i of the hull. Plate 
seams riveted to form the bow and stem tapers 
and those of the cast-iron bow and stern ends 
were probably weaker than the boiler, wluch 
was made and surely tested as a pressure vessel. 
Although not conclusive, Ilunley was likely 
close enough to the torpedo blast to part some 
seams, causing a leak that could nol be 
overcome by the pumps. The forward hatch 
eoaming damage may have been the final factor 
in Hunley's sinking. The question of the hlue 
lights remains. Hunley's crew had to open the 
hatch to 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 patrol 
boats by the crew is unlikely, but definitive 
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cvidcnec is only to be tO unci in the submarine's 

JlllGliOf. Potent i;d for preservation or skeletal 
rcrnilli1S in !Tun ley is hie;h. Skeletal materials, 
though ran~, have been located on sllipwrc:cks 
iBmany cnvHumncnls, mcludmg W<lrm, shallow 
seas (Carrell [!)97 I'JK-·1'>0). I'm example, 
lnunau rcnwins were recovered from Ln Salle's 

/,(/ !Jel/e, lost oJT l!JG Texas co;u>l in 168(J 
(Arnold 1 997:228), fi·mn the 17:11 Spanish plate 
fleet vessel San .lose lost in the Florida Keys 
(Peterson 1972), and from thousand-year-old 
sites i11 tile McditGJTa!lc<m oiTthc Frcucl1 r.:oasl, 

\Vhcrc bone preservation may have been 
enhanced by phosphate duposition (Arnaud ct 
aL 1980). There is some evidence thai iron 
conlribuit~s to hone preservation. Bones located 
W1lhmthc lnnicd Gold Rush storcship Nia11lic 

Ill San FJaucisco were round to be highly 
llllllCJalu,cd ami wdl pn:scrvt:d, which was 
a ttl Jbutcd to tbc relatively high iron 
conccnlratlon from nearby ship's fasteners 
(Smith 19Sl:W4). 

This blast analysis has impltcatious 
pertlnenl to recovery opcratwns. It may be 

ltkcly that l·lunlcy's hull scams rcpn:scnt 
sJgnd!cant line~: of weakness because of both 
hlasl damage and dit1Crcntial corrosion, which 

is discussed below. Hull seams were an 
important aspect of 11w archeologtcal hull 
mvcsllgation. Only one verfwal scum was 
clearly identified on ihe huH porlion exposed 
during tcsl excavation; conoswu produt;ls 
obscured all others. Should tlte hull be 
recovered, CV1ck:ncc clearly iwJicatcs tlwt il must 
be completely secured prior to any IJfting 
attempts or the bull could be damaged and 
archeological evidence: of1lu11/ey's sinking he 
losl. 

Hull Location and l)osirion 

H1tnley was locatc:d about 1,000 ICct east, 
seaward, of !lousa!onic's remains. Hull axis 
was 29'/" l I '/u, bow to shore SJHHlm to thG 
!/ou.l"(/tonic's mooring oricniatwn. This 

positiou may tcpn~sen( 1he rinal surface 

orientation. The vessel, filkd witl1 water would 
have been about 11 tom; deadweight, reprcst..:nts 
a substantial object. However, dcpendmg on 
how fa[.;t the vcs~;cl Jl.lled with watc1, lhcJL: 
would have been at least some tune partial 

buoyancy would have allowed current or wavv:; 

io alter the hull orientation as it sank. Judr,int 
rroullhc hull position, the starboard dive plaue 
supported the hull at 1ea~t as it came to rest 

There was no danu1gc observed on the port dive 
plane; the plane: appe;;us to be perpendicular to 

thv hull. This iudieatl:S the hull probably >;ell led 
sufficiently soon after sinkiug lo pn::vcnl 

transverse rocking that could have bent the porl 
dive pi<HIC //un/cy's location SCHWard of 

1-Jou:wtonic is likely lhv rusult ortJdal inLlucncc 

during the vessel's sinking. 

!HJIUAL SEQUENCE 

Burial sequence data were sought 111 

multiple lines ol" cvJdcncc because it ts 
important to intcrprding hull corrosion dattl 
relevant to hull s!n~ngth. Single cxposttrc would 
indicate Hunley .<;;hcl\l)latc mctal1mght be bcttc:1 

preserved beneath the cnc1 ustatJO!l. Rc:peatcd 
hull exposures could indicate a mon: advanccd 
state ol" t!Dtcrioratiou, making hull rccovcry 
dil"ilwll or impractical. nvidcnce collected 

p<:rhw:nt to hull bunal scquenc:c includes 
visual examination of hull cncr\JS1ation 
eltaractcriMies, hislofical evidence, modcru 
evidence fi-om CXflJniuation Of COHlp<Hab]c 

structures, biological indicators, sedimentary 
analysis and scclimcnl-hotmd radioisotopes 
measurement. 

1-l tslorical Evidcn{;_Q 

Historical documentation pertinent 1o 

establishing a burial sequeucc hegins soo11 arkr 

the lft.~nle.v··flouscttonic engagcmcn!. 
Housatonic was investigated in detail 111 

November ! 86-1. ln lhc nine month;; since 



sinking, the vessel hull "settled in the sand about 
5 feet." A specific search was conducted for 
the submarine at that time. Investigators 
dragged "an areaofSOO yards around the wreck, 
finding nothing ofthe torpedo boat" (T .ieutenant 
Churchill in Ofilcial Navy Records> cited in 
Kloeppel 1987:93). In 1872, tho Amry Corps 
of Engineers contracted for work on both 
wrecks: clearing Housatonic wreckage to 20 
feet 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 feet 
wen;! removed, which primarily consisted of 
blasting and removing the ship's boilers 
(Kioeppe\1987:93). Based on the November 
1864 observation, llousatonic initially subsided 
in Outer Charleston Harbor's seabed at a rate 
of about six inches a month. 

Modern Evidence 

Artificial Reefs 

Subsidence rates for objects in the vicinity 
of the Hun!ey-Housatonir site have not been 
scientifically smdicd. However, there are some 
pertinent empirical observations from scientists 
working with analogous steel structures on the 
seabed in the immediate vicinity. South 
Carolina Department of Natural Resources 
(DNR) rcscarehers observed hundreds of 
artificial reef structures along the South 
Carolina Coast, and they reported that burial of 
these artificial reefs, for example, ten- foot long, 
five-foot diameter steel stmctures, "is typically 
gradual with complete burial of objects the size 
of !Junley taking well over 10 years" (Appendix 
C). 

Snag Reports 

The hypothesis that Hunley rapidly subsided 
into the seabed afler sinking is supported by 
hoth historical data and more recent snag 
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reports. The present study area is in an 
extremely productive area for shrimp and, 
consequently, has been intensely fished since 
at least 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 visual 
investigation of upper hull surfaces and hatches 
revealed no evidence that Hunley had ever been 
snagged. The only hull damage observed was 
on the forward hatchcoaming, 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 above the bottom on Hunley 
or Housatonic to snag fishing gear. 

Biological Analysis 

Biological 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 nom1al part ofthe1r artificial reef 
program research evinces a typical pioneering 
sequence on newly introduced fenous objects 
of: barnacles occuning in a matter of months; 
bryozoans, hydroids and algae next; awJ hard 
corals occurring in 3 years. 

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



exposed hy (~xcavators. Excavattun Wt\S halted 

dunng tltctr dive. to improve vi~;ibility, which 

\\'as V<triahly two feet or less. i\t that point, I he 

lwtc.hc~s, hull lop and port hull-suJc portions 

were cxpo~_;cd. There W<ls an area forward of 

the aft hatch exposed all the way to the keel, 

which was excavated the day bd'un: tlwir 

cxatllination. Tile sprx1fic hull survey objective 

was to i11Vcntory spcci(:s lix hull buritd sequence 
cv](!cnr:c. V.ic wanted 10 have this biological 
smvcy dn11C early during test cxeavatwn to 
preserve evldCncc of" orguniSll!S Wttl! li-agJlc 

lm:hcs 

0 2 

J<'i!-',urc 9.6. Star L:oral (;lstmn;.;iu danae) 
rcmovt.:d Cruml!u11ley's hull. 

holdf"asts, which might indicate recent hull 
l~XpOSIIITS. 

Tlw hinlottsts exammLXI till cxposc:d hull 
po1 !tons und collectc:d five tnlaet, complete slm 
c,Otttl colome:,; (/1.\·tmngia danae, hgurc 9 (J) 

rcptt.::,;entalive or observed cowls. All cunds 
localcd were Ull lite hull's upper surliu:us. Two 

san1plt.:s were ft·ont t.:ach hatch and anolhLT liu1n 

lite ltull top a !"I tile snorkel box. ThcsL~ sluw­

~rowJtlt star co1·als, the most common m lhc 
region, develop tn unbnmchcd patches s1~ldum 

cxcccdJJJg S ccntJmctcrs Ill dtun1ctcr 

!.abowtOJ y ex pet unGnts have established a J 
(J polyps-per-year growth rate. ("oral colo11y 

st/.C imltcatcs COilltltUal growth between 5 13 
yc~ns lOr fuut culotJio..:s, wtlli one 30-millimdcr 

x 15· millimeter 

approximately I 0 20 
colony suggesting 

years or uninterrupted 

e,rowlh. Mmlon.! and Bell stndicd these swnplc:s 
to dctcnnine whe1hcr they were SC(jllCnllal or 

contemporary. "1-~ascd 011 the discoloration, 
sumlanly in size, and cler;rce oCwenritl,G of the 
coral c:olonics cxammed, all appc<Jrcd to be: front 

approxunately the same !(luling cotmllltllily, 

suggesting one period of ltrne in which 
sigt1iflcant hio-!Ouling took place" (Appendix 
C). 

The hiolotists observed only one other 
organism attached to flunlev, ~;!llall (5 

C(;tllimelc:rs) hon;e oysters (Osirf'a ettuesfris), 

a cornmou subl1dal, lugh-salmity oyster IUund 

lll local watc.:t s JtldtvJdLutlly or tn sn1<1ll numbL:rs. 
They located several spccttnens, each 

represented by a s1nglL~ valve; no tnlac\ 
orgmusn1s were observed. One rcpt'GSCnlativc 
oysler valve was removed ror examination. 

Me<tsurcmcnts li1cltcatcd these oysters were oC 
a size attainable in 2 J years' growth, which 

supports the a;;serlion or a single exposu1e a\ 
the time or/ lunhy's :o:iuk1ng. Both these com I 
am! oyster species take 2----J years to cstnblish a 
v iab k colony. ( ~onscq ucntly, lllci r a hsencc on 

the lower hull portions SU£r;csts tlw lower httll 
was hnricd bc!"orc these organisms could 
become c~;tablislt~:d. Mun; detailed l<1boratory 
analysi:;, should the hull be recovered, wtll 

augnJC!lt these flL:Id observations. 
Tltc biologtsls' overall conclusion was. 

.. that after sinking, the Hunfev 
subsided into the sandy occim bottolll 
but rt.:HJalttud partially cxposc:d liH 
perhaps 10--11 years duringwhtch time 
a well-developed marine foLtl!ng 
collllliU!tily was cst<Jblished on any 

cxpmcd surli.lccs. l~ventually the entire 
vessel was buncd and most ltkcly 
retnaiu~,.:d so Ltu\!l it wus discovc1cd lnsl 
year. All trace or cncnts!Jng organiSJllS, 
With the eXCeption of tbc hard parts or 
the corals and oysters, decmHposcd 



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

Sediment An_aly~i~ 

Several sampling methods were employed 
during Hunley's investigation. Hand cores were 
taken close to HunLey, a gravity box core was 
aucmptcd, two box cores were collected and 
bulk samples were recovered by hand from the 
stratigraphy above the hull. The gravity 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 collected. 

Huv.ley Stratigraphic Map, 

Aft Hatch 

SJ "" 
9~ "" 

• FS025 OJ] FS026 

D I'S027 [] FS028 . 

[,] FS029 I:• I FS030 

D Soft Mud (FS032) 

Figure 9.7. Stratigraphic profile. 

Stratigraphy 

On May 27, Lynn Harris and Larry Murphy 
mapped a stratigraphic profile (Figure 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 trencll, just aft 
of the 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 stratigraphic layer and 
placing sediment into a labeled plastic bag that 
was sealed underwater. Later, each sample was 
split and repacked, one half to he used for pollen 
analysis, the other for sedimentological 
analysts. Offshore stratigraphic analysis has 
been useful to establishing the date and nature 
of inundated prehistoric sites and shipwreck 
depositions in high-energy environments, for 
example off the Florida coast (Murphy 1990). 
Stratigraphic analysis has been common in 
shtpwreck investigation for decades (for 
example: Gifford 1982; McKee 1973; 
Muckelroy 1978:163 165,175-182). ln 
addition to the hulk samples, a hand-deployed 
box core was constructed on site and used to 
collect a large sample of the sediment (FS032) 
immediately above Hunley's hull for 
radiometric dating pwvoses. 

Visual examination of the sediment reveals 
discrete strata, hard and compact, with no 
indication of storm-lag sequences of a depth 
sufficient to expose 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 llunley and 
below the mobile marine sands were sufficiently 
compacted to allow vertical walls to be 
maintained. During stratigraphic mapping, the 
strata immediately above Hunley were faced 
with a trowel for mapping and sampling. 
Discrete strata and maintenance of vertical walls 
indicates these sediments have not been recently 
homogenized by storm activity and. have 
remained in place for a time sufficient to allow 
initial lithification. 



,c;cdinH:nt Dating 

One analytic procedure important to 
a:;scssing llunley was dating scditw~nls above 
the hull. lfthc sediments were of recent origin, 
it indicates the hull could have bccu subjcch.xl 
to episodic exposures to oxygenated water, 
\Vhich would increase corrosion rates. 
Procedures /Or dating sediments to dcienninc 
accumulation rates has been often used in 
marine r;eology, but 1t has only recently been 
a[lplicd to arcltcological pro!Jkrns. 

The core sarnpling design was tu collect !wo 
cores close to lhc J-Junley silc prior to any 
disturbnno~. On May 5, Jim Spuek and Peter 
II itcheock collected two hand-dnv...:n st<1inless 
sled, plastic-lined coriJS (FSOOl, Con: A allll 
FS002, Core 13). The procedure was to set a 
buoy on the site coordinates and collect these 
two cun;s approximaldy 10 mvlvn; away to 
cusure lht: hull was not encountered. The core 
rcprcscnlGd an off site sample of the surficial 
sediments. An additional hand collected core, 
called a box core (FSOJ2, Corel), was collected 
containing sediments directly ahovc and in 
contact with Hunley's keel, representing 
sedHncnts below ')0 ccntiutctt.Ts (FtguriJ 9.7). 

H.adimuctric dating !Or thcsG cores was 
condttc!cd by utcasuring the alllounl of thc 
radiotsotupc wip[) (Lead 2"10) prGscnl. This 
procedure was developed in the 1 ')60s as a 
means to establ!s!J a sediment chronology. In 
most eHVll"Ollll!Cllts, the maxiHIHlll dating rang0 
J"or 1hc pwccdure is 100-150 years. The 
radimsotopc nupb is a rnembcr oflhc B 6l.Jnmium 
decay series derived from 222 Radon, which has 
a half-life of' u.; days Hrld det.:ays in the 
atmosphere. '' 111Pb, with a half-life or ?.~.)(J 
years, is supplied to bottom sednnents primarily 
by stre<.tm nmoH~ where it is rapidly transported 
to bottom sediments and remains clletnically 
inuuobilc (Mmlin and Rice 1981:1- J). These 
characlcristics ptovidc a dating method thai "has 
become the mo~;t important geochrnnomc1 er for 
sedimentary gcologistlgcochemis1s workine 
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with samples deposited in the last l 00 years" 
(Cutshall ct al. 1983:309). This seemed au ideal 
tool JOr assessing Hunley burial sequence. 

Radioructnc analysis ofthc three cores was 
done by Willard S. Moore, Department uJ" 
Geological Scienc~.:s, University of Soulh 
Carolina. All three cores were transported to 
his laboratory f\)r analysis, and hir; report i;.; 

irrcltHlcd as Appendix n. Moore fouml the :!IIIPh 

conteu1 of cmcs A and H (FSOUl and 11S002) 
did not diminish with depth, which indicates 
coarse well-rnixvd upper surficial sediments, 
which would be expected with upper tnarinG 
suditnenls. These cores were separated iulll Jlnc 
ami coarse grains. Fine grains, or muds, 
vont<lined must of the excess 210Pb uetivity HI 

Core A (FSOOl), consequunlly it was used fOr 
comparison. Core 1 (fTS032), which was hand 
co\Jcetcd directly above Jiulllcy's hull, hnd 
depleted lcvds or:'·lllPb whr.;11 cmuparcd to the 
fines of Core A, and like lhe others, th~.:su lewis 
did not diminish wi lh depth. The top 1 
centimeters of the fines of Core A were used as 
a baseline for calculating how long Core J had 
hccn nut of contact with surficial ~.;ectimenls. 

Had the sediments at the depth of Core "J been 
equivalent to the upper level ofCoJcs A and B, 
it would indicate recent sediment mixing 
through sotue sort ofmechamcal process, such 
as wave activity or bwtmbahon. U the 210Pb 
cuutcut was lcs:-:;, 1l would provJdc aullldicaliotJ 
or ihc last time ihcsc scd!luents were 
rCIJlcuishcd with the wdioisotopG hum surface 
sediments. Core I's nopb content imlicaled it 

had not been disturbed for about 100 years. 
Moore summarized his findinp;s: "I COitclude 
that the avenl[',t: aec or 1 (){)years rnr· matetial 
in Core I [FS032] is probably correct within a 
20 year unceriilinty." 

.l.hc radiometric dating resu lls arc consistent 
with th0 biological investigation conclusions. 
llllpl ications of lhis radiulllelric siJdimcnt datiug 
arc important to considct when r.:valuating 
resulis of the in situ hull corrosion 
rnear;urcrncnl~;. I fun ley is likely in a better stale 



of preservation than it would have been had it 
been subjected to frequent exposures to moving 
oxygenated water, which typically increases the 
corrosion process. Instead of assuming the 
highest rate of deterioration 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. 
Undetwater, pollen density information can aid 
assessment of depositional energy levels. 
Pollen deposited in high-energy aquatic 
environments rarely survives (Pearson et al. 
1986:285-289). In Hunley's case, pollen 
samples were collected primarily for 
chronometric purposes. Preliminary results of 
the biological investigation were supplied to the 
palynologists so that the hypothesis of rapid, 
single event bmial of Hunley could be tested. 
Specifically, in addition to normal pollen 
analysis procedures, palynologists were asked 
lo search for any historical markers, such as 
exotics or native species with established 
introduction or elimination dates. The 
assumption was that 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 
Casuarina (Australian pine), a twentieth­
century exotic in the southeast, indicates a 
stratum is of recent origin, after 1900. 
Palynologists examining Hunley samples were 
requested to search for any historical pollen 
markers indigenous to South Carolina. One 
such potential marker for the study area is 
American chestnut (Castanea dentate), which 
was all but wiped out by the c:hcstnut blight in 
1904. This pollen would indicate sediments 
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deposited prior to 1900. However, further 
research concluded American chestnut 
historical range was limited to western South 
Carolina, no closer thaD 1 00 miles from shore, 
which eliminates this species as a historical 
marker. Chestnut pollen would not likely be 
present even in pre-1900 sediments on the 
Hunley-!Iousatonic site (Appendix F). 

Paleo Research Laboratories of Denver, 
Colorado, analyzed the six stratigraphic samples 
collected from the excavation, and their repoti 
is included as Appendix F. Palynologists 
removed pollen from the hulk field samples 
through chemical extraction and flotation. Light 
microscopy studies revealed preservation was 
"excellent to fair." A 201-grain sample was 
used for each pollen count. 

Analytical result." included noting general 
similarity of the six sam.ples, with a 
predominance of tree pollen. Arboreal types, 
which are mostly wind blown, are expected to 
be dominant in any site the distance Hunley is 
offshore. Pine (Pinus) was most numerous, 
followed by oak (Quercus) and grasses. There 
were no pollen types uniquely identifiable that 
could be used as a historical marker or 
introduced exotic. The pollen column alone was 
found to be consistent with sediment deposition 
at any time between 1863 and presem. The 
researchers' conclllsions were: "There is 
nothing. in the pollen record that makes it 
inconsistent with the current belief that the 
Hunley was buried within 20--25 years of1863" 
(Appendix F). 

Summary 

All evidence consistently indicates a 
probable burial sequence initiated hy an 
exposure for an undetenmncd period, estimated 
at 20-25+ years, while the hull settled in the 
seabed sediments hecause of current scouring 
and wave action. Lower hull parts appear tn 
have subsided within 3 years. No evidence for 
episodic exposures was found. 



ARflFACTS 

There were few artifavts found dunng the 
Hunley lt:l:>t vxcavation, and there is no 
indication lhat these artifacts arc directly rdalr.:d 
to l!uniey, but they could he related to the 
Jlunley /Jousatonic site. Certainly associatt:d 
in terms ofproximiiy, none can be attributed to 
a particular source. These materials, while not 
fron1 Hunley, could be from several origins, 
i11Cluding J-lousalonic, auy ofthc mauy blockade 
and other vessels anchoring in this area over 
time, vessels passing through the main 
Charleston liarbor ship channel close to the site, 
or even from onshore sources transported by 
storm waves as observed durine hurricane 
Hugo, which deposited shore-related debris 
offshore in sinnlar depths as the siudy area (see 
Chapter 5). The one argument that can he made 
fOr closer association is Jhat all artifacts were 
found ncar Hunley's hull bottom, perhaps a 
result of cm11cmponny depositiou iu a purl-side 
scom pit 

WOOD 

A single piece of wood (FS004) was 
d1scovcred close to Hunley's JJOrt side divv 
plane by Robert Neyhwd during the tcsi 
excavations. There were no stwighi surfaces 
or loolmarks, and the sample appeared scdirncnt 
abraded. ~pccics idcnttfieation, conducted by 
Palco Research l.ahs of l )enver, Colorado, with 
microscopic analysis of charred, tangential 
sections, which showed spiral or helical 
thickcmngs, indicated the wood was Douelas 
Flf (flseudotsuga menziesii) (Appendix F). 
Douglas l!r is native lo the westcm t Jwted States 
rangiug from Canada to Mexico. These tree,; 
do not grow 011 the cast coast, consequently, 
rhis wood did not come from a local tree, but 
most likely anivcd as a r.:ommercial product. 
1 )ouelas-fir wood, sometimes called Oregon 
plllc, 1s cununerc.Jally important, widely usccl 
for ship hulls, masts and spars (Desmond 
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1919:16). The wood is also widely used for 
gcw:ral construction, railroad tics, containers, 
hoxes and pallets (Panshin and de ?:eeuw 
l 980:465, cited in Appendix F). Like the other 
artiD1cts, though not directly associated with 
Hunley, it could be related to the llunley 
I /ousatonic site, or to any oft he vessels passing 
or am;horing in the vicinity. lt:-; location a1 iht! 
porl dive--plane level, may lll(ilcatc the wood 
was contcroporancons with llunley, perhaps 

depos1tvd in a scom pit fOrmed during hull 
subsidence. 

HONE 

A sintlc hone (F~OO'/), r"igurc 9.8, was 
recovered May 23 durine the test excavation 
by D<!Ve Conlin hom directly below Hunley's 
aft hatch at the keel level. The hone was 
submitted to pHlcontoloeist Gree McDonald 
who reported the; bone, ruo~t likely cow (Bos 

Fit-:urc 9.9. Bone (JJos ~p.} ii·om Hunley keel 
area. 

sp.), lo be a portion of sternal cartilage that 
connects ribs, probably from vicinity of ribs() 
to 9, to the stermun (Appendix G). The well­
preserved specimen was somewhat ossilled, 
dcuotlllg an older mdividual. Mosl original 
ste1nal cmtilage W<~S present, all(l it appeared io 
have been severed l;lose to the ribs uud stcruuu1 
attachments. Microscopic mvestigation ol'tl!c 
parallel cut surtitccs showed them to be vcty 
srnooth, indieating a saw rather than il blade cut. 
No other butchery marks, secondary scmptn!_j 
or cutting, gnaw marks or sedimentary abrasion 
were observed. 



This cmiilage 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 centmy 
or later butchering practices. While not a single 
saw mark was found on eighteenth-century 
bones, the nineteenth-century bones were 
almost 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 evidence, although rare, from 
seventeenth- and eighteenth-century sites 
(Landon 1996:64). 

The beef bone located on the flu.nley­
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; Hue1sbeck 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 status 
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 
most desirable (Lyman 1979:543; Huelsbeck 
1991:67 ,70), or 4 on a scale of 1-5 (Rothschild 
and Balkwill1993:83). If from a vessel, it 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 

Two small coal pieces (FS006 and FS024) 
were recovered from near the keel forward of 
the aft hatch hy Dave 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 
Energy Technology Center in Morgantown, 
West Virginia; their report is included as 
Appendix H. 

The coal was subjected to standard 
petrographic teclmiques 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
anthracite catcgmy; the second within the upper 
anthracite range. White and lrdi noted that ''New 
England is the only place in lhe United States 
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 more 
efficiently than the bituminous variety common 
in the South, bul it is more difficult to ignite 
and keep burning. Although its existence was 
known in North America as early as 1768 
(Greeley 1974:475) and mined as early as 1806, 
it was not used as a fuel until a grate invented 
in 1814 allowed continuous burning. 
Philadelphia produced most anthracite coal in 
the mid-nineteenth century, with more than a 
million tons being shipped by 1850 (Bauer 
1988: 120). 

It is tempting to speculate that the coal is 
from Housatonic, and it could be. This vessel 
carried 220--235 tons of coal (Canney 1990:95). 
In November 1864, nine months after it sank, 
Ilousatonic was reported to still have coal 
heaped in the lower deck (Kloeppel 1987:93). 
However, other sources must be cons1dered. 
While anthracite coal was not mined in the 
South, it was available and highly prized for 
use in blockade runners because it produces 
little smoke when burned making these 
clandestine vesseb more difficult to see. Many 
blockade-runner voyages began in Bermuda 



whc1e anihracttc {.:oal was loaded (Scharf 
1887:466). 1'hc flunlcy-ffousatonir: site area 
just o!Tthe main Charleston Harbor slnp chmmcl 
was heavily used over a long time pcriod by 
passmg and anchoring vessels and, like the bone 
and wood specimens, the coal could have come 
from m:my sources, or even washed frorn shore. 

lll/1.1. ANALVSns 

Givcu the paucity or first-ham! lustorical 
records about Hunley, the material record is the 
best source for accurate vessel information, as 
it is with most hir;torical r,;hipwrecks. Clearly, 
inConnation contained in the an:heological 
record will mcludc much mon.: than technical 
dGtads about f!unley's ~:oustruGttuu and 

app{.~arancc. Th~.: submariuc's rurnains may hold 
clues to the events following Hous(l/0!/1(.' 's loss 
Fcbnu11·y ( '/, 1 X04, and answer Sllch hasic 

qucstwrrs as: Whm cmtscd 1 lunlcy to smk? Was 
!Jousaionic's last-miuutc defense at all 
eJTectJve? What acl!utJS did Hunley's e1 cw take 
tu p!cVCilt theii demise? What iteun; chd the 
suhrw.uitle's CJCW bring on the attack voyage? 
The vrJssrJ!'s reruaius may also iufonn on 
broader ant!Jropologieal and historical questions 
(for example, sec Gould 1983), such a~; the 
nat me or~outbern inctus;irial capability, extent 
of its innovation response 1o Northern indus1l ial 
supenority, nnd ihe nature or risk acceptance 
1n bloekadine, situations, and rssucs such as 

adaptive reuse, herotsm and perhups 

llespcratron. Ckarly, 1/./, flunlcy as an 
archeological sne holds mueh more polenllal 
than augmentation and ruvision of a scant 
ltislorical record. 

IIUI,I, i'I'AI'URiiS 

Ht1ll CnnslnH:lion 

One dGlail lll'lj.lOri;mt ror both corrosion 
studies aud detctnrimng 11ft mtCnmatwn was 
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shcli-plaic thicknesses. l!unley's central hull 
portion was reporlcdly cnnstruclcd from a 

wruught-trou boilvr to which wac; added 
additional plat(j~; and vast .. Jron !Caturcs. There 
is only one allusion to shell plate thickness 
recorded historit:ally, McClintock's statement 
that 5/8-inch thick 11lates were used in llw1lcy's 
consuuction, which 1nay he rcfcning to both 
the central boiler purlion and the stern and bow 
ends (Public Records Onlce, ADM 1102>16). 

AIDX<mder stales !be hull was composed of cnsl 
ends affixed to a boiler, which may have been, 
as noted in Chapter 0 above, either a :;team boat 
or a railroad boiler. lt was most likely a 
steamboat boiler, which was probably more 
available in the porl eity of Mobile. 

I )unng the period of flun!ey's constmctiOlt, 
wesklll nvc1· stearnboais from 250 to 350 tons 
in sizv carried two to four boilers typically 
ranging in size b(jtWeGH 36 aud 42-wches in 
diameter. To make them much less Uwn 3(J 
inchL~S mad~ thew dinicult to clean, while over 
4:2 inches sacrificed strength to size. Boller 
lengths generally nwged between 24 30 feet 
long (Hunter I 949: 15(J I Y/). 

As dJscusscxl m Chapter 7, several acOltstic: 
mvthotls wer~: aHeruptcd to nondestrllCtivc~ly 
ascertain a hull· platu thickness. Locally 
obtained sam pits of wrought and cast it'Oil were 
used to establish speed -or-souml paraniCters lOr 
these mc1als. Normally, acoustic thickncs1; 
e,aug.es arc sci f(x sound speed in steel, but thc 
mstmrncnts h·icd on llwdey could be adjusted 
for the constituent metal bciltg tested io produce 
rnme accurate results than could be obtained 
from extrapolation from steel. During the 
project, thrcu dif1CreHt acoustic instru111cnts 
were !ned to detec111Ie tJuckness of solid sl•ell­
plaic metal. The best instrument, a Cygnus 
Ultrasound Thickness (iauge developed to 
penetrate hull fouling on modem vessels, was 
unahlc to produce a reliable she[J .. plal(.; 
thidmesr.; reading during approxuuatdy tOO 
attempts along the hull. Cmu;cqucut[y, the only 



way to obtain an accurate shell-plate thick.n~ss 
requires physical hull penetration, which was 
not done during the project. 

The central hull was closely examined 
dming the excavation, corrosion studies and 
hull-thickness testing for features that might 
indicate the original boiler source. The hull was 
also examined for areas of weakness related to 
original construction details or later l"evisions 
such as vertical and horizontal scams, man 
holes, inspection ports, fittings or support 
bracket locations, etc. Examination ofthe boiler 
plales 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: ll 0). rr the plate manufacturer could be 
identified, then the company's capabilities could 
be researched to aid deduction of hull-plate 
thickness. Another held approach attempted 
was to utilize historically documented rivet 
patterns and seam construction details in 
comparative analysis with Hunley's features. 
An estimate ofboiler thickness might have been 
generated by using contemporary boiler design 
formulas that specify rivet patterns and pitch 
(distance apart) for sp~ci!ic plate thicknesses, 
scam design and overlap (International 
Correspondence Schools 1921 a:34 ). The 
approach was to determine Hunley's rivet 
patterns and seam construction, and then use 
the design fommlas to solve for thickness. 
Unfortunately, encrustation and corrosion 
product obliterated all hull rivet evidence, 
aJ lowi11g recognition of only a single transverse 
(vertical) seam in the central hull portion (see 
Figure 8.2). No additional features of the 
original boiler fonn like hand holes, manholes, 
bracket supports, steam fittings, repairs or 
revisions were observed. 

The two hatches, or conning towers in 
current :submari11e nomenclature, contained 
viewports only on the port side, which was 
unexpected from historical documentation. 
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This may have been strategic; the starboard 
would present no hull penetrations vulnerable 
to small arms lire. 

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

Keel ballast observations bring into question 
historical information depicting the keel 
constructed in three detachable sections (for 
example, as depicted in Alexander's plans, 
Figure 4.2). The stem keel-section we located, 
evetl 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 about 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 
weigh more than 2,700 pollnds or 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 second 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 enough'' (Alexander 
1902 quoted in Kloeppel 1987:44 and Perry 
1965:101). 

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



only tho forward bolt were released, leverage 
On ihr: aft bolt mighl make it itnpOSSJblc to turn 
it to drop the keel. Another piece m the puzzle 
1s Chapman's December 1063 painting, which 
shows multiple (at lca5t six) kcc!"ballast 
sce,ments. Future work on the lluuley site will 
likely n:vcal details of the keel ballast 
<lt!achrncnl system, which may incorporate a 
more sophistiealcd release mechanism, if they 
had a means to rchably drop it at all. In three 
sinkines, the ked ballast was not successfully 
released. 

Another issue not discussed in the historical 
rcwrd, is whether 1/un!ey could Hoat upright 
on the surface without the kuel ballast attached. 
Speculatively, if the Laew dropped the ballast, 
would the vessel col!IC to thu surlltcc, then invert 
because or lwtcl! <mel suorkd box wcighi atop 
the hull? If the 1.mtire keel were dropped, the 
lwll's nJclaccnter would be raised and could 
cau.t>e the hull (o JOI!, much like battleship and 
cruiser turrul wuighl inverts the hull upou 
sJnki11g 111 !ttlcrmcdiatc water depth, as obset veJ. 
onMonilor sunk off Cape Hatteras (8wadwatur 
1 ()1)7) or Nagato and Arkansfls sunk at Bikini 
Atnll (Ddgado ct al. 1991). Anolhet cx<Jmpk 
is the Gcnuan battleship Bism{lrck, located i11 
deep wuler without its gravity t.urreis, wluch 
apparently inverted, dropped its 1urn:t::; and 

1 ightcd before settline on the sea bud in 4,600 
meh:rs water depth (l~allard 1990). lfl !unlcy's 
bull would ren1ain l!pnght without the keel, it 
1s evidence lha! prec1se ltull buoyancy 
charactcrisiic calculntion must have bct:m made 
by 1/unley's builders, and, cvu11 if empirically 
determined, indicates au unexpectedly high 
level or sopltistJcatcd engineerinz in its desig,u 
and constJuctiun. 

There ha:;; h~en much speculation about 
r lun!cy's torpedo dchvury syslcrn, including an 
internet discllRSion g10up. Alexander records 
the spar as heine 22 feet long and the torpedo a 
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copper vessel coutami11g 90 pounds of explosive 
with percussion and friction p1·imer (sec 
Chapter 4, Alexander 1902). ff a trip line wen: 
deployed, it could have been fired as the 
submarine hacked off a safe distance. There is 
no mention of any device !hal would allow 
a mxing the torpedo to lhc wooden hull and 
bnckiug oiTlo explode the charge, althoueh one 
must have been present. One poSSible 
alturuative would have been to drop a weight 
lo secure a positively buoyant torpedo benualh 
the hull, much like coutcmporary miHcs, and 
back off bcf(nc !Iring wilh a trip lanyard. !\ 
reel, likely a lanyard reel for firing a charec 
regardless of itt: dvploymcnt, can he seen 
l"orwmJ of tl!c forward hatch on Chapman':;; 
pamtiug, Figure 4.1. 

Considering historically recorded altack 
details, it seems that a hot.lnm-moLmlcd spm, 

or one angled downward, is much mort; likely 
thau the straight, bow -mounted spar clepictccl 
iu the st:;veral eontempomry images and models. 
Certainly the Confederates realized frotH 
practical experience Owt the most eifcGti vr.: 
torpedo placement would be below a ship's 
waterline. At the time of l!un!ey '.~· attack, 
Confederates had experienue with spar 
torpedoes, includine, the ncar sinking of New 
Ironsides by r>avid thG year bc10re Hunley's 
a1tack. Although New ironsides ww; damaged, 
it did not sink, most lilwly because the torpedo 
r:xplosiou was not far enough below the 
water!1ne (1-luntur ·1 987: 142). (Jenera! 
Beauccgard, uomuii.mder of Charlcst01J 
Conflxlcratc fOrces, had ordered llunley not to 
submerge. Undoubtedly, its crew knew about 
the unsuccessful !)avid aUaek and riggc.d the. 
torpedo so it was deployed below the ship's 
waterline for maximum effect. 

Rigging a torpedo spar presented a rathc1 
complex engineering problem. The lorpcdn 
rnusl have bcun retnevable fi·mn the forward 
deck. lu Aluxamler's procedural account for 
the .<>ix mouths training period prior to !lunicy's 
a!iack, they "shipped" the torpedo on 1/i.mlcr 



before leaving and unshipped it upon return 
(Kloeppell987:52). The spar would have had 
to handle the more than 1 00-pound combined 
weight of the torpedo and charge out of the 
water, although it could have easily been made 
neutrally buoyant when submerged. If there was 
a point of some kind to embed in a ship's hull, 
the torpedo housing would have had to 
withstand the inertial impact of a ten-ton object 
gomg several knots when Hunley secured the 
torpedo to hull timbers. The torpedo spar would 
also have to be rigged to endure the same 
1mpact. The torpedo socket that must have 
articulated 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 stem, the spar must have been 

low, perhaps with double angles to allow the 
point to reach the keel in the compound curves 
of the stem, implying that the torpedo depth 
might have been adjustable because Hunley 
clearly sought targets of opportunity. Ship lines 
of Housatonic, whose draft was 16.7 feet, show 
the stem 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 01. downward angled 
second spar apparently affixed to Hunley's 
lower bow. 

The brief archeological examination of 
Hwzfe.v's fotward hull top during the excavation 
revealed no features that could have been 
attributed to attachments for torpedo-spar 
rigging. In all likelihood, the attacluncnts would 
have been on the lower bow, and consequently, 
future excavation of Ilunley's bow must be 
conducted very carefully. There may be related 
features to the southwest of the bow as 
suggested by the magnetic contours, discussed 
above. Torpedo spar details should become 
c1ear with ful1 bow excavation and laboratory 
analysis. 
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HULL WEIGHT 

H.L. Hunley's hull weight, displacement 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, is presented as a 
starting point for considering hull recovery 
methodology. 

Shell-plate thickness, a basic hull dimensiOn 
necessmy for calculating hull weight, was not 
documented during the test excavation because 
acoustic testing was unsuccessful, and it could 
not be derived nondestmctively. Tn absence of 

archeological infonnation, we must rely upon 
historical documents, and some speculation. 
Unfortunately, available documents, like many 
regarding Hunley, are not altogether clear, but 
two shell-plate thicknesses bracket the range of 
possibilities: l/4-inch and 5/8-inch plate, 
although the latter has been arglted excessive 
considering contemporary boiler-plate 
thicknesses and cold-ro11ing teclmologies. The 
boiler was variously reported as from a 
steamship or locomotive (see Chapter 4). 

James McClintock, one of Hunley's 
builders, in post-war correspondence notes that 
114-inch-thick boiler plate was used for his "first 
boat" (Kloeppel 1987: I). In all likelihood, 
McClintock is referring to Pioneer in this 
correspondence. The vessel disp 1 ayed at 
Louisiana State Museum, once thought to be 
Pioneer, is constmcted of 1/4-inch-thlck iron 
plate (Rich Wills, personal communication 
1996), which indicates McClintock found lfil­
inch plate acceptable for submarine 
constmction. 

Tn McClintock's 1872 letter to Bntish 
Admiralty officers in Halifax written while 
discussing defection (see Chapter 4), he 



describes 1 Iunley's hull as being 5/8 inchGs thick 
(Public Records Office, ADM 1/6236). 
Historical Hu11ley descriptiuus indicate it was 

built of a ccntct portion employing a wrought­

iron boiler with added wwught iron sheets at 
both ends, and cnst-imn features, includmg both 
bow and stern scgmenls all(! hatches. lrou bolter 
plates used for constructmg Jlunley's cuntiJr, 

boiler-portion or the hull must have ccrtainly 
lwcn cold-rolled as were the added bow and 

stern sheets thai fairud th~,; hull. Given 
coutetuportlry technology, 5/S··inch-thick plate 

would have been much more difficult to cold 

roll than 1/4-iuch-ihick plate (Henry Winters, 
]JCrsuual couttulltticatiottl996). While true that 
1/4-iw.:h plate would be easier to produce, 
l!laking it likl;ly mon: availabl(:), the South 
certainly ltml rolling mills capable of producing 
vitlwr thidmvss. Al the Civil War's outset, the 

Conlt:dcracy had at least one mill ('rrcdgar Jrou 
Works of Richmond, Virr;inia) capable of 

rolling 2-inch plate and at least two tnore W<.:n; 
lnuh dunng Ht<.: war. Allhough limited in 
comparison w1th northern capabilities, the 
South had al Jeasl 82 rolling mills, II of which 
were il1irly large (Still 1969:10,25, 34). 

Desmond ( 1919:213) publishcd a 1tseft1l set 
of weights 10r a square-font of "h;ml-mlhxl" 
cas!- and wrought-iron plate thicknesses: 114-

inch-tl!ick cast plate weighs 9.386 pouuds and 
wrought 10.07 pounds; 5/8-inch--thick cnsl plate 
weighs 23.466 ponncls and wrought 2S.I '/(i 
pounds Whik acknowledging it is reasonable 
to bc~licve Hunley's hull is l/4 inch thick, the 
/Ulluwiug hull-weight cakulations were made 
assunung 5/g-iucl! thick wrought-ll"on plate to 

ensure eon~c1 vntivu error fur any J'ulure hull· 
li 1\uncl support calculation~. For c;.dculations 

coHcenHng the cast-iron ked ballast, weight of 
a 1-iuch- thick ca~l iron plate, 37.545 pounds 
(from Desmond), was multiplied by 12 to 
produce a weight of 450.5 pounds per cubic lCci 
lOr cast nolL Onginally, calculations were done 
as tf the hull were constructed of a siuglc 
n:ctangular piecG uf iron plalc 12.5(1 feel by tiO 
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feci C'>02.4 sqnarc feet), oblnined fi·om unrolling 
a 4 foot diameter cylinrler. An additional 

amutml (orit;inally estimated to be 20 per cet1t) 

was added to the hull shell-plate area to accuwtt 
fOr hatches, cut water, snorkd box, rivets, ()earn 
overlap, propeller f;ha!l und shroud, bulkheads, 
intunml support and mechanit>ms. A refined 

calculation by naval architect Henry Winters 
ut>ing computer- generated hull lines based on 
archeological evidence, ler;s hatches and othut· 

mcchnnisms, produced an area of 47.H.4 sqw1r~ 

feel to which he added wcir;ht io account /Or 

additional 1Calurr.;s listed abovv, bringing the 

estimated iotaii!unley hull area to 603 square 
tCet. A square-foot of 5/8-inch wrought-iron 
plate weighs 25.176 pounds. The estimated hull 
weight including additional fcatnrcs is 
15,181.13 pounds, or 7.59 tons. iiull 
displacement is generally given in long ions, 
which are 2,240 pounds, which give a toial of 

6.77 long tons 

Hunley's casl-iron keel ballast measures 
1.83 feet by 0.4 feet, and fOr purposes of this 
hull·- weight calculation, its length was estimated 
ai 25 feet, based on length of the hull':; central 

cylindrical portion. for this hull weight 
calculation, the ballast was assumed to be 
rectaneular in cross section, although 

indications (Alexander 1902 and on-site 

observation~:>) arc that it was cast to 111 llw hull 

radius contour. Estimated ballast volume is l 8.3 
cnhic f(-:d, giving a weight of 8,244 pounds Of 

4.12 lons (3.68 long tons). 
'l"oialflunley hull weight is tstimatr.;d lo be, 

as;;urning 5/8 inch- thir.:k hull plate, I 1.71 wns 
or 10.45long tons. llowevcr, additional nlctors 
must be considcnxl £Or arriving alan cstirnalcd 
lin weight for planning purposes. 

Archeological investigations indicatr.; the 

hull is likely fdled with sediment. The only 
hull breach allowing an interior hull view W<ls 

on lhc tOrward hatch coaming (sec Figure X.7). 
Sand appeared to completely Lllllhc interior a! 
lvast lo this level, which is c!Garly above lhc 
hull lop. There could, ofcoursG be voids cn:atcd 



by interior bulkheads, but for these calculations, 
the assmnption is that the hull is sediment filled. 
This sediment would have to be included in any 
l1ft calculations for recovery purposes. The 
internal hull volume was calculated as a 4 foot 
diameter, 40-iOot-long cylinder minus 20 per 
cent iQr tapered ends, which gives an estimated 
volume of 402 cubic feet. Wet sand weighs 
about RO pounds per cubic foot, which gives an 
estimated interior sediment weight of 32,160 
pounds or 16.08 tons (14.35 long tons). ~: 
this estimate does not take into account the 
sediments encasing the propeller, shroud ami 
mdder, which should be lifted intact with the 
hull to be excavated under laboratory conditions 
(sec Chapter 10). 

Hunley's minimum weight, assuming 5/8-
inch-thick iron shell plating and not considering 
stem-feature sediments, is approximately 27.79 
tons (24.R 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) ofcncmstation were removed from SS 
Xantho 's engine during laboratory conservation 
(McCarthy 1996:322). Because solid metallic 
hull weight, which has been reduced through 
corrosion during the encrustation process, must 
be estimated .. and the encrustation thickness, 
which adds weight through sediment 
incorporation, is unknown, an additional 20 
percent is added to the metal hull weight 
calculation. Consequently, minimum Hunley 
weight for lift calculations should be: 14 tons 
for hull and encrustation plus 16 tons for 
sediment or 30 tons (26. 7 long tons). This 
wc1ght combined with an allowance for stern 
scd1ments should he considered the minimum 
weight for planning purposes. 

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

107 

same. Hullwlinc calculations give a huH volume 
of 402 cubic ieet, with another 18.3 cubic .feet 
for ballast. An additional 5 cubic feet 
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). Consequently, 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 
crew would make the hull 1.25 tons positively 
buoyant, which would require admitting about 
43.75 cubic feet of water to attain neutral 
buoyancy. 

As a test to ascertain how these assumptions 
affect 114 to 5/8-inch plate thickness parameters, 
similar calculations were done assuming 1/4-
inch-thiek shell plate. If the hull wctght is 
calculated on 1/4-inch-thick plate, the total hull 
weight is 6.83 long tom, which means th(;! hull 
would have had 5.31 long tons of positive 
buoyancy requiring water occupying 185 cubic 
feet, or nearly half the available internal space, 
to bring the vessel to neutral buoyancy. Qua1ier­
inch-thick plate tOr Hunley's construction 
appears much too light, and these estimates 
seem 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 cast­
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 variab11ity has 



heen a conce!lliOr archeological interptetation 
for nearly two ducaJ.r:~;. Schiffer (19W/:7, 11 ), 

Ol!C o[' the primary theorists dealing With 
arcllcological record variahility, rccognizr:J. two 
kinds of formation processes nfTucting the 
archeological record: cultural, where the 
trauslOnmttional agent is human activity; and 
mttural, wherein the transformational agent is 
lb~.;: natural cnviromnent apart from human 
impact. Muck elroy ( 1978: 160-175) couductc;d 
the first systematic study of ,c,;ite formation 
processes on shipwrecks when he examined llw 
CllViromncntal cuutexts or 20 wreck~; in Great 
Brita111 and developed a categorization of 
shipwreck transfi)rn1aiimml processes, which h~ 
1ernwd extractiug filters and ,c,;crambling 
devices. On under warcr sites, corroswn is a 
maJOr transformatioual procuss lhat variably 
al1t~rs site preservation and appearance of 
materials; iron is especially susc.Dptibk. 
Corrosion can compktcly remove all but the 
famtcst traces or soJtie iron artif1tcts on relatively 
recent wrecks, and preserve otllcrs or great 
antiquity, such as the 2,200-year-old Kyrcnia 
wreck that containr;d suffic1ent metallic iron to 
produce readine,s nn metal dctedors ami 
magnetometers (Green et al. F>67). 

Corrosion .studies aJc not nuw to 
archeoloeical evaluatwns of submerged metal­
hulled vessels. Corro~ion studies were 
c.oHUuctc:U 011 the USS Ter:umsel! as early as 
1969, when researchers noted heavic1 conoswn 
ofrivcls relative to wrought iron plntes (Baker 
cl al. 1969). ltl situ studies have heen eonducted 
on USS Arizona (Lenihan I 980) and USS 
Monitor (Arnold ct al. 1991) in the United 
States; and on SS Xantlw and Sirius in AitSlralia 

(McCarthy 1996). The problem in tho (.;USC or 
1/un/ey is (o determine the state or preservation, 
and by implication, strength of the metal 
comprising the hull so ihat a rec:ommcndatioiJ 
Cor t'uturc action regarding its preservation can 
be HJadc. This section presents the rationale, 
mclhodology and results of the 1-fun/ey in situ 
corrosion study. 
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Water mtd Sedinwnl Anal)'..!ii..G 

Environmental chanlcterization ts an 
important first step for corrosion studies. 
Several water samples were collected on the 
Hunley s11c fOr analysis. On May 23, Carl 
Naylor Llscd 60 ce:ntimctcr syringes to collect 
FS008 from dose to the ail hatch and r<S009 
ii·om mid-water above the site. Additional 
sumplcs, not attributed sample numbers, were 
analyzed on site with a refractometer which 
gave a salinity reading of:JJ parts·.pCr· thousand 
(ppl) for both samples. Readings for on site 
me;t~urcmcnt of pH was '/ .5 and dissolved 
oxygen 1.9 <1t the hull . .FSOm~ and FS009 were 
analyzed by John Jow:::s of the South Carolina 
De:partmenl of Natural Resources Laboratory. 
rsoos read JJ ppt salinity, hydrogen sulphide 
(1l

2
S) of 0.12 milligrmns/1 and arnmonia 0.2 

milligrarns/1. fS009, the mid water sample, was 
J3 ppt salinity, n,s 0.0 milligram/] and 
ammonia 0.0 mil!ieram/1. Jones stated these 
n.:adings arc typical fOr the area. 

Ou May 27, Lyun Harns and Larry Murphy 
hand collected six bulk-sediment samples, 
FS025--0JO from distinct strata above the 
starboard side (north) of the test trcneh,just aft 
of the aft hatch as described above (see Fieurc 
9.7). Sedimentary mwlysis of these samples, 
conducted by the University of New Mvxico 
Department of Earth and Planetary Sciences, 
arc presented in Appendix D. Unfortunately, 
uo on-site pH mcasun.:mcnts could be taken 
bet:ausc there wa~ no submersible meter 
avatlablc. Sediment pH measurements of bulk 
smnplcs are prcsuntcd in stratigraphic se:quencc 
in Table 9.1. 

Irw1 C:mrosinll ill Sea Water 

{ron corros1on, fundamentally all 
elcctrochcwical process, is a rcrmtrkably 
complex phenomenon that is greatly accelerated 
in sea watt:r. Estimates of iron corroswn rates 
HI sea water arc 10 times fm:tcr than in air 



Table 9.1. Stratigraphic pH of strata 
above Ilunley hull. 

--- ----

SAMPLE pH AVERAGE 

!'SO 25A 7.55 
- -

B 7.53 7.54 
----- -

!'SO 26A 7.76 

A 7.67 7.72 

FSO 27A 7.77 
.. 

B 7.76 7.76 
-

FSO 28A 7.27 
r---· 

B 7.31 7.29 

l'S029A 7.59 

13 7.66 7.62 

FSO 30A 7.54 

13 j 7.53 7.53 

(Hamilton 1976:8). Iron corrosion in sea water 
1s typically described in terms of galvanic cells, 
wherein metals, or areas of the same object, with 
a negative potential relative to hydrogen, and 
metals or areas more positive than hydrogen 
with a positive electrode 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 electrode, 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 measure this 
voltage as an indicator of which areas were 
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actively corroding, their location and rate. 
Factors, such as exposure to flowing, 
oxygenated water, salinity and temperature 
affect con-asian rates, generally increasing in a 
direct relationship. 

Both wrought and cast iron are typically 
found in sea water encrusted with a layer ofhard 
concretion or encmstation, which was the case 
with Hunley. This concretion can be much 
harder than the partially corroded iron beneatb. 
During laboratory conservation, this 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, coralline 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 corrosion (MacLeod 1989, 1990;Rodgers 
1989). 

Hunley In Situ Corrosion Studic.s 

Description and Rationale 

From initial project planning, we bdieved 
on site corrosion engineer participation to be 
critical to the Hunley assessment to determine 
its present state and level of active corrosion 
for planning future site management, whether 
the option to recover 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 series of 
questions and data sets to be addn.:ssud during 
on site corroswu studies m onlur to d!Jtennine 
approp1iate methodology: 

1) Stale of present hull corrosion levels 
and whether it is stable or noi. Data 
should contnhutc to ihu qucstiou ofhow 
Iuuch hull rndal remains, its corrosion 
rate and projected deterioration rate. 

2) Thickness of solid metal, imporlan1 
lo infOrm on advisability of Jccovciy 

aud determination of bGst method. 
Structural integrity cannot be assessed 
visually, some instrumenlal 
measurements are necessary. One 
parlicnlar ar·ca of concern is the upper 
suditce, which may have beeu sul~jGcled 
to Gxposurc/lnuial events aucl may bG 
less auod1c tllan the burivtl portions. 

J) Loci of active corrmion c:ellf'.; on 
accessible areas of hull. Active 
corrosion cell location and mtensity 
coupled with Judi thickness data should 
ind1cntc siructurnlly weak hull areas. 
We should be abk: to rchably "map" 
active cotroSIOil of the hull, which will 
be important lo planning recovery. 

4) Determination of relative potential 
between different components, such as 
whether rivets arc anodic io shell plait:s. 
Structural strenr.th is dcpfmdCill upon 
integrity of nvcts. Electrical polentwl 
data can dctcnnine whether rivets are 
corroding or plate is corroding; t.e., 1f 
rivets are cathodic, they may still be 
sound and he contril~utine tn hull 
strength aml inter.rily. 

5) These data should he f'.;llfficient in 
suer.~~st a cathodic pro1ecl10n plan 
dcsiencd io minimize further corrosion 
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and begin in situ conservation, which 
may significantly reduce required 
conservaiiou laboratory time. ln situ 
conservation could significautly reduce 
conservation costs, should the hull be 
rccovcrcLI. Australian investigations 
report notable consolidation of metal 
surfaces beneath encrustation in 
experiments with in situ conservation 
throur;h cathodic proiec1ion. 

A specialist was soueht with expenence 
directly relevant to minimum-impact w situ 
measurements ofhistorical vessels. Dan Polly, 
a consulting corrosion engineer was located and 
retained fOr l!urt!r:y hull analysis. Polly had 
dcveln!led ins1rumentatiot! capable of 
measuriug conosion nrics remOlely w1thout 
having to rGmovc encrusiaiiou. 

Objective 

"The primary ohjective was to evaluate 
liunley hull corrosion lo dcicrmirm na1urc and 
exil:nt of present active corrosion through in sltu 
IucasurCIIICnts of cleetropotential { Ep ), cun Ctli 

ilux auJ gradicui, pll, souud mdal thickuc~s 
and otltDr variables ol"accussiblu J>hcll platus and 
external hull features. We also wanlcd to 
examine galvanic interaction and electrical 
continuity between components such as hull 
plates, plates and nvcts and between plates and 
cast features like the hatch coarninr,s. l ,ack of 
elccnical continuity implies a breach in hull 
1mee1ny. 

lush tuncututiou 

Direct measurement instruments and 
rGmolc~sensint; instruments were deployed 
Dnecl measurement instruments such 11s 
halhycnnnmclers and mos1 sonic thickness 
eaueGs requim direct contact with hull metal 
and dn not operate reliably throttgh encrustation. 
Remote sensiu~ instruments arc a new 



innovation in corrosion measurement 
technology and require no impact to 
encrustation. 

Polly provided patented instruments of his 
own design. One, called a RISC wand, was 
developed to measure the surface current 
generated by corrosion potentials of iron 
reinforcing rods encased in concrete and was 
adapted to underwater usc on this project. The 
surface probe is a computer-cmmected, remote 
sensing device that can detect whether active 
corrosion is present without removing 
encrustation. This device could determine 
whether features such as rivets are anodic lo 
hull plates, as well as presence of 
macro-corrosion cells. The second instrument 
was developed to detect low level electrical 
current in seawater. This instrument measures 
current flux, intensity and direction of 
corrosion-generated (electrochemical) current. 
lt detects corrosion on a larger scale than the 
other, such as between shell plates and between 
wrought and casl iron. This instrument is also 
connected to a surface computer. Together, the 
two instruments provide data on surface current 
tlux, sea water voltage gradients, surface 
potentials and polarization behavior. A 
discussion of each measurement follows. 

Surface current flux - Instrumentation 
measures magnitude and polarity of 
electrochemical cunent flow associated with 
corrosion activity. Activity is measured directly 
at the surface without any electrical connection. 
The system indicates level of activity at the 
sensor location, and whether activity is anodic 
or cathodic. With a sufficient number of 
re01.dings, a cunent flux contour map of the 
structure can be obtained, which images the 
surface to the resolution of the mapping grid 
spacmg. 

Sea Water CmYent Flux /Voltag~_Grn.diYJJ1 
Instrumentation displays real-time 

measurements of magnitude and three­
dimensional vector orientation of cunent flux 
in water. High sensitivity (uA/cm 3

) and 
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resolution (em) allows 4-dimensional plots of 
current flow magnitude and direction for the 
survey regiOn. 

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

Potentiostatic - Instnnnentation measures 
polarization behavior and the degree of 
electrical continuity between structure 
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 encrustation 
could not be penetrated with an air drill and 
masonry bit. Consequently, encrustation 
thickness was not measured. However, one 
piece of encmstation (FSOl 0) was removed for 
analysis from 1 foot forward of the forward port 
comer 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 the 
parent material. Encrustation location was 
scaled with DcvClad 182, a pH-neutral epoxy 
designed to prevent creation of a local activt: 
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 
to 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 oriented perpendicular to hull 
and pointed to the starboard side. The diver 
reported location of begi1ming, direction and 
ending of each transect and noted major features 



such as large hu11 encrustations. Senoor distance 
off hull was maintained by the diver holding 
sensor in his righl hand and allowing sensor to 
sit on inside of ring ringer as seusorwas moved 
along hull. Diver attempted to ntaintain cow:tanl 
speed along cacb transcvl, however, speed 
necessarily varied somewhat. PVC pipes were 
plact~d at and 7 feet forward of the an hatch lo 
<lld iu positioning sample collection points 
along thG hull. These PVC pipes were plotted 

on the site field map, and thv divur ruporlud each 
1 imc one was Cttcountcred, which assisted 
surillCe recorders in accnratc positioning sample 
rcadJitgs. 

luaddttwn to thdUSC wand device, point 
BieasuremGuis WGI'C also taken along the hull. 
For these llicasuriJmcuts the diver canicd a 
1 foot long SCC{lOll ofPVC pipe to position <:ach 
reading. The in:.;trument sensor base is 
approximately 4 inches in diameter. So, 
assmnmg the sensor detvcts i:tl Uw sensor mid 
poinl, and the diver placed lhe I fool guide 
against the edge of the sensor, then sample 
points were 1 fOot 4 inches apart along the hull. 
The diver reported each point reading, which 
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was confirmed from the surt~we when the 
1 cading was aequired. 

ln Situ and Laboralury Corrosion Study 
Results 

Complete rcsu!Ls of in situ corrosiOn 
measurements and laboratory analysis were 
providGd by Polly {Appendix l), and the 
l'flllowing discussion rs 1i-orn that rcpori. 

Envrustation Analysis 

The encrustation sample (FSOlO) was 
analyzed with both a light optical microscope 
{LOM) and a scanning electron micrograph 
(SEM). The sample was also suhjectcd to 
dtspcrsc X-ray spectroscopy with an elcetron 
micro- probe. h;suming t!IG fi-agmcut n;prescnts 
a complete cross section, it supports a low 
conoswn rate. Metal loss calculations were 
m<:~dc ou a dcm;ity cumparison between the 
encrustation and wrought iron, which rcllccts 
0.56 millimeter metal loss "indicating t'dalivcly 
dense corrosion products with approximately 5 

fiS1 
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Figure 9.9. Surhtcc cutrcut ilux fOr tnmscct HS 1. 
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to 1 product to metal loss ratio." Physical 
investigation ofthe hull supports the corrosion 
product as a tough, strongly attached layer 
resistant to mechanical impact and abmsion. 

Electrochemical Measurements Reported by 
Polly 

Surface Current Flux - Several transects, 
with periodic recordings of surface cunent flux, 
were made along the hull. 

The transect designated H 1 S is a 
longitudinal transect proceeding from stern to 
bow, 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 centerline 
ofthe hull top. Readings are plotted in Figure 
9.9. 

The transect designated H2B is a 
longitudinal transect from bow to stem on the 
porl side of the centerline. Readings are plotted 
in Figure 9.10. 

The transect designated H3S 1s a 
longitudinal transect from stern to bow. 
Readings are plotted in Figure 9.11. 

The transect designated I-IV 4 is directly aft 
of the aft hatch, from 18 inches below the an 
hatch on the starboard side, up and over the hull 
top and down along the p01i side of the hull to 
th\; keel. Readings are plotted in Figure 9.12 
for plan and elevation views. 

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

Potential - Potential readings were taken 
concurrently with the surface flux transect 
designated HV 4. Cormcction to the hull was 
made by attachment, at a hole in the forward 
hatch, of an epoxy coated C-clamp with a 
pointed screw. All reading were -0.62 volts 

115 

relative to an Ag/ AgCl/sea water reference 
electrode. The constant potential indicates there 
was inadequate electrical cormection through 
the clamp, or isolation of the attaclnnent point 
from other areas of the hull. [However, sec 
MacLeod comments below.] 

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

Analysis 

Dr. Ian MacLeod, Departmentof.Matcrials 
Conservation, Western Australian Maritime 
Museum, Fremantle~ who has pioneered in situ 
corrosion measurements and conservation 
procedures on historical vessels, reviewed 
Polly's report and commented to the authors 
by email, and his comments are presented here 
(all figures refer to Appendix I): 

From the current measurements it is 
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 measurements on the starboard side 
are anodic to those from the port side 
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 
peak at about 35 feet from the bow 
indicates that there is a sudden shift in 
the micro environment of the iron aml 
so this is consistent with a possible 
electrical d1scontinuity at this point. 
There may well be a break in the metal 
near this point of measurement. This 
localized cathodic point is also seen in 



figure 5 which i~ a mca:::uru or the 
corrosion current as a function of 
dislanc:e fmm lhe how. 

Although the data point~ on the ~cak 
piau arc rcpruduct:d lll a vvry small font, 
it i~ dear that in the lrau~ecl of the an 
hatr.:h there is a change in going across 
the site and downwards to the keel of a 
difference in corrosion environmeni. 

Not sutvrisingly for such a complex 
structure which is half buried in the 
sediments, there is a vast difference in 
the access of dissolved oxygen to the 
corroding intcr1ilGcs cmd so then; is a 
di11Crcncc in the local areas from being 
dominated by the cctlhodic reduction of 
dissolvell oxygen and the anodic 
oxidation of the hull. 

ln his discusston on the one b 
<"<>TT 

mcctsurGlltGnl which was pcriOtmGd he 
~tated that the 111strumcnt was not 
working properly because the voltage 
was -0.380 vs NHE (Normal I-lydrogGII 
Ele:.:lrod<.:, assuming thal the sea water 
silver chloride reference had a calibrated 
value of +0.240 vnl1s). Now since the 

eoucretion was largely composed of 
tm1gnctitc, Fc_~04 , it is el<.:ar that tlw iro1t 
has been corroding largely in an 
anaerobic environment <~nd so the 
equilibrium pH fOr hydrogen evolution 
at that voltage is 6.4, which is spot ou 
lOr a standard low corrosion rate low 
oxygen micro vnvirumuent. The i~tcl 

thal the voltage was the same may well 
simply be a rcflcvtion thai all the 
nwasun:d points were in the same micro 
cnv1roumenl.. I have JOuud that even 
across an iron clipper hull vc;;scl suGh 
as the City ofLaunceston ( 1860) the E,·mr 
values may vary by as little as 20 m V 

I !6 

up and down the 50 meters of the site, 
for points at roughly the same water 
profile and impact. 

In the analysis of the concretion r was 
not surprised to find there was no 
evidenciJ or slag incluslons Lu the 
concretion as they arc uot mobilized in 
the corrosion proGcss but normally 
remain close to the surtace 1i"om whiGh 
they came. Althoue;h the slag inclusions 
tend to help ensure uniform corrosion 
of wrought iron in the air, in the rnariuc 
environment the wrought iron is very 
prone to zonal cormsinn and corrosion 
along the lines of the working of the 
metal pi ior to it hcing placed on the 
seabed. Ulrick and Evans in the 19:10s 
showed that in tlw heat of the fusion of 
the iron during hot forging, il is the 
copper and nickel oxide impurities 
which arc reduced very rapidly in the 
inereased heat to the metallic state. The 
necessary heat comes from the 
comprc:ssion of the gases during the 
forgiug processes. lt is these "noble" 
metals whiGh aci as local cells for the 
facile reduclion ofdim:;olved oxygcu uud 
so you end up with the zonal corrosion 
of wrought iron which makes it look like 
it is aged wood that has been deeraded 
in th~.; desert. 

The observaiiun that the cormsion rate 
appeared to be hi13hcr ncar the areas 
whid1 had tecently been excavated is 

not surprising as I have readily observed 
signifi<.:anl devaticms or co1 rosinn rate 
by a factor ofahnut four to six times in 
the first few hours after accidental 
removal of the protective concretion 
layer around wrought and cast ll'On 

objects in a !l'larine environment. 



, , , The good points to note are that 
from the lack of any major sudden 
chm1ges in the conosion currents as you 
moved from bow to stem, there does not 
appear to be any discontinuity which 
tends to indicate that the submarine is 
essentially functioning as one elechical 
entity and so is largely intact. If it were 
not, the data would be all over the place. 
There may be a problem area down near 
the stem, as mentioned above. 

In the otbsence of other data I can only 
imagine (I have no date for the vessel 
becoming a wreck) that the vessel lies 
in about 15-25 meters of water and it 
has been conoding since about 1865 or 
thereabouts. This means it has had 
about 130 years of decay at a rate of 
about 0.03 millimeter/year which means 
3.9 mm loss of metal .... 

SUMMARY ANll CONCLUSIONS 

Separate lines of evidence indicate H.L. 
Ilunley was buried soon after loss, most likely 
within 25 years. Sedimentary evidence, 
biological evidence and 210Pb sediment dating 
indicate the vessel has not been periodically 
exposed to sea water through episodic burial 
and reburial events. Exposme to sea water 
typically increases, and sometimes doubles, 
corrosion rates. Because Ilunley 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 recovery 
1s more feasible than it would be otherwise. A 
lower Jevd ufpreUicted metal loss is acceptable 
for hull strength evaluation. 

Close examination ofthe entire exposed hull 
shows the hull is encrusted with a very tough, 
strongly adheting layer resistant to mechanical 
!!npnct and abrasion. This layer may 
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significantly reduce hull corrosion rates. 
Corrosion is taking place differentially 
throughout the exposed hull, which is an 
indication that sound metal is present to some 
degree. This verifies subjective observations 
of the investigators that no areas appeared weak, 
and no obvious areas of differential erosion, thin 
areas or penetrations in the shell plates were 
present. Overall, the hull and hatches 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, based on hull observations, the 
hull appears likely able to withstand recovety 
and conservation. Because corrosion continues, 
Hunley will inevitably become so fragile to 
obviate recovery plans. Recovery is the desired 
altemative to long-term preservation in place. 

For recovery plarming purposes, tbe hull 
weight and interior sediments should he 
calculated on 5/8-inch thick shell plate, which 
is minimally 30 tons, with additional weight 
calculated for sediments encasing the propeller, 
shroud, mdder and other stem features, For 
engineering strength calculations, I /4-inch plate 
(63 millimeter) should be assumed, which 
conosion has reduced an estimated minimum 
of 3.9 millimeteL Shoring and support 
considerations should be developed to 
accommodate unexamined hull portions thal 
may be very thin or even breached. The hull 
must be supported so as not to distort during 
the recovery and transport process. 

Work in Australia (MacLeod 1989,1992; 
McCarthy 1988;1996) has convincingly 
demonstrated the desirability of begitming in 
situ conservation through placement of 
sacrificial anodes an large submerged iron 
objects. Should the decisions be made nol to 
recover Hunley, or the recovery be delayed, 
consideration should be given to placing 
sacrificial anodes on the hull to anest further 
corrosion and begin the conservation process. 



CHAPTER HI 

Conclusions and Recommendations 

Larry E. Murphy, Daniel J. Lemhan and Christopher r. Amer 

CONCLUSIONS 

The site found May 1995, by National 
Underwater and Marine Agency (NUMA) 
personnel Ralph Wilbanks, Wes Hall and Harry 
Pccorclli and repmted to the Naval Ilistorical 
Center is H.L. Hunley. All data availahle to 
project personnel including scientific 
measurements, observations and tests so far 
unequivocally support this date as the initial 
twentieth century site discovery. 

The tesr excavation revealed fl.L. Hunley 
was encased m stable sediments and undergoing 
active corrosion, whkh suggests sound metal 
exists in the hull. Ilull thickness could not be 
determined non destructively during the project. 

All indications are lhat H.L. Hunley is 
currently at a high level of integrity and 
preservation, and it retains sufficient hull 
strength to allow serious consideration of 
recovery 1f appropriate controls and care arc 
exercised in all future activities that involve 
direct site impact. 
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!lliCOMMENDA TJONS 

l. 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 
environmenl for funher study and conservation 
treatment. Preservation in place is a preferred 
alternative to excavation 111 many 
Circumstances. This option often includes the 
use of sacrificial anodes for in situ cathodic 
protection of large iron objects. However, 
project investigators have concluded that !l.L. 
Hunley is under potenlial threat in its current 
location from unauthorized salvage, and it 
would serve the long-term interests of historic 
preservation to undertake archcologically 
conrro1led recovery operations. 

2. Should complete hull recovery be 
undertaken, funding for full conservation should 
be in hand, and endowed funds should be 
available to support curation funding in 
perpetuity before initiation of recovery. Other 
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hisloric ship rccovcnes have suffered severely 
for lack of su!lictenl cunttion1 unds, cVCJl when 

sufficicn1 conscrvattun funds were available to 
care for the vessel upon initial recovery. 

3. A complete recovery plan 111<11 includes 

hull retrieval, JlllmedJatc post-rccovny 

stab!IJZ:l\Hlll und couscrvation should be 
developed. DcvcloptllC!ll and implementation 
ol the research design should Involve 

appropriate profcsstonals 1n tl1e Jn::lds of 
underwater archeology, rnan11C sulvagc, 
nwchanic.al cngtnccJ ing, ocean cngi nccring, 
conservation and museum exhibits. Pr!!Kipal 

rceovcry concerns ace archcolclCJCill excavation 

of bow <llld stem ex I rcm1 tics, Internal scdi nlCnt 

and comple1r: hull support tn situ and during 
removnl ilnd transport to the conservation 
fac!llly. Stern leaturcs are likely extremely 
fmeilr;. The procedure or choice \VOL!ld be to 
recover scclmK'!ll~ encasing the stern featun;s 
i nlact fm· cxca vation rLnder coni rolled laboratory 
conditions. The hull scen1s fu!! uJ" sediment, 

whH:h rncrcuses hull dead weight. Dccausc of 
the mchcnlogical sensitivity of hull contents, 
wtcJmtl hull scdirncnts must he excavated under 

lalJonttory c.omlition:>. Propcrprep;lnllrons must 
be made to accornmodate p01cntial hunrao 
remcuns A specific protocol ]tlr hamlll11g, 
an;llysis, trcalnrcnt nnd possible military 
reburial, should be in place before mtenor h11ll 

excavation. 
4. A scr-ics or general I"C(jLIC:;[ for propDS:llS 

(Rl'Ps) should be developed that 011tlrne tilf: 

parameters for: 1) gcm~ral on-srlc ;~rclwolugy, 

!CCUVCt-y, transport Of the VCSSGl r·cnWLfiS lO 

shore facilities and post-recovery mclrcology, 
2) lhe labDril1ory excavatiOn and cousc:rvatiorl 
of the hull and assocratcd scdiurcrrls and 
contents, and :l) curmron a11d cxlribrtion of the 
remains. These RI'Ps vvoulcl present the: project 
objectives, major contracl n~qurr·errtl:rtls, 

schedules, personnel rclptin;rnerll crrtcria, 
cuntnH.: tor qualifications and ~cw:r·al 1 >r< 1vrs ron s 
to be considered by potential cuntractors Rl:Ps 

should be published tn the Federal Regrstcr to 
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cnsurG accGss by potential con!nKtors. The 
RI'Ps should be adnlmistcrcd thmugh !he Naval 
llrstoric al Cenli:r nnd t hf: South Cam I ina llunley 
C:OillnliSSJOll. 

5. Ideally, the hull should be recovered 
inl<JCt and imrncdiately moved to a dedrcatcd 
conservation fnciilly. 'Tnmspod n!" llunley 

should he a safe, seamless and rapid cunvey<.tncc 
I rurn the seabed to a proper wd L"Ulltainmcnt 
shore facility where it can he rmmcdwtcly 
stabilized, scientifically invcstJgatcd ancl 

corrs(~rverl :-:o ns to ultrmate!y be available for 
publJc exhibition. The lasks o!" mcheological 
iuvcstigation, sediment containment, l!ft, 
transi"t:r from the seabed to the tn111sporl vessel, 
transport to :>hore and from lntnspnr! vcssd lo 
shore facJ!rty should nil hr spccrCtcally 
addrcs:>cd in dewil111 uny propnsnl. 

Intact rt;cnvcty can be accompln.;hed in 
scventl wuys. A preferred method would be to 
encase the hull and surroundir1g scdinlcnts rna 
tube, or clamshell lift devH:e dC.Sif:llCd to 

completely suppor·t and stabilrzc the eutirc hull 
lcnr,th and stt:rn katurcs along with their 
surn.JtHrdrllg scdrlllC!ll.s. Any device would have 
to support the hull duriug transport to shore and 
durrng the laboratory exeavation phase. The 
huH would have to be opened for internal 
t~xcavf!l](}n, ar1d the hull would have to be 
cnmple!cly supported at least until the 
laboratm y cxcavlllion phase was con1pktcd and 
the hull transported tu a conservation tank. !lull 
euiTOstorl rates must be contmuously monitored 
fm1n inili<d disturbance. Temporary 
dcctrochcmical procedures, such a~> placement 
of sacrificial anodes or imprt.!~scd curn:n!, wrll 
have to be done to \\labrli:.r.e tiH~ hull o>rrosron 

rate ~;hould exposure to a l11r.hly oxyr:cnilted 
cnvironrnenl raprdly mcrcasc cocmsJOtL ThL~sc 

pmcedurcs may have t•J be conducted during 
til.: excavation phase, and several contingency 

pi tin-; shuuld be in place and tested m the event 
that pnn1ary stabili:ratioH procedures fail. 

6. A complete eonscrvatron plan ar1d facj lrl y 
must be: in place before rccOV(:ry. TlH: 



conservation plan must include a detailed ptan 
for accessing and excavating hull sediments. A 
less desirable altemative would be to move the 
hull to a controlled area lo begin in-water 
conservation before removal to a lahorarory 
facility. Because iron typically corrodes at an 

accelerated rate when removed from low­
oxygen sediments, preventive conservation 
methods, such as cathodic protection through 
placement of sacrificial anodes, should begin 
immedilltely. In addition, 1f this alternative is 
chosen, three factors must be considered: storm 
protection, security and potential effer.:ls 
conservation procedures might have on 
archeological materials contained in intemnl 
sediments. 
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7. Should Hunley be recovered, the 
immediate area of the site should be 
systematically surveyed and excavated to locate 
any associated material culture remains. The 
area between HunlPy and Housatnnir: should 
also be systematically surveyed and any 
magnetic anomalies tested. Particular 
r.:onsideralion should be given lo lhc anomaly 
located between the two vessels during the 
predisturbance survey. Though not critical to 

Hunley's recovery, it would be desirable to 
archcologically investigate the Housato11ic site. 
This step will provide the archeological context 
for llunley and augment with material evidence 
what little is documented regarding the Hunley­

Housatonic engagement. 
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DlVE LOG SUMMARY 

))ATE TOTAL DIVES TOTAL MINllTES 

May 3, 1996 4 n 

Muy r[, 1996 4 54 

May 5, 1996 1 32 

May 'I, l CJCJ() 1 +1 

May 8, l99(i 19 784 

May9, 1996 10 260 

May 1 U, 190(J 16 644 

May 11, l99(l 2 100 

May 16, 1996 24 97 l 

Muy 17, 199() 17 645 

May 18, 1996 IH 749 

May 19, 1996 17 756 

May20, 1996 18 739 

May21, 1996 16 728 

May 22, 199() 13 6'!2 

May 2:\, 1996 [} 406 

May 24, 100(i 11 686 

May 75, 1996 t:l '/4} 

May 2(l, 1996 19 I ,115 

tvlay27, 1996 16 l)](_) 
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DATE TOTAL DIVES TOTALMINUrES 

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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HUNLII!:'II FIELD Si"ECllllliN LOG 

FS# !)ate lkNcdption ~~~J:l~_m T~~ken_ f»ig~oNitiOh 

001 )/<1/96 Sediment Core GeologH.:a! aual ysi.c; Pcnnancnt transfer, 
Willard Moore, USC 

002 )/tl/1.)6 Sediment Core t"icological analysts l}cmlancnt ltausf~.:r, 
Willard Moore, USC 

011.1 )/').}jl)(l Scthmcnt Ckological analysis In storaee, SC:HU, Santa 11c 

004 ')/22/'J(J Wood Species ID l)crmancntlrwl:)fcr, Palco 
Rcscarcl1 

005 Void VOl([ Void Void 

OIJG 5/'23/96 Coal Sottrct anill_ys!S l'crmancnl tnmsfcr, Curl White, 
DOE 

007 5/2~1/9(1 Hone Species ID Temporary transfer, 
Greg McDonald, NPS 

008 )/2:1196 Seawater Chcm1cal analysts PcntHlltc:Hl ltansfcr, 

Bob Bandollah, SCDNR 

009 5/23/96 Seawater ('hcmical analysis Permanent transfer, 
Dob Bandollah, SCDNl~ 

010 5/'1J/96 Etlcrustatiun Corrosion study A - pcnn11ncnt fnmsfcr 
Jon Leader, SCIAA: 

13- pL:IIIUlllCilt lnms!'L:r, 

Dan l)olly, USN 

01 1 5124196 bJCfllSillllLil1 CottSlTV~!lJOll Pcnnuncnt transfer SC:JAA, 
Columbia 

012 5/21/96 Coral !S(\\opic <lllillys1s ln sloragL:. SCRU, Sanla ],'e 

013 5/24/96 Coral lsolopJc analys1s Jn swragL~, SCRU, Santa Fe 

014 5/24/96 DIV(' llHid;cr Museum display Pcnnancnl transfer, SCli\A, 
Columbia 
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FS# Date Description Reason Taken Disposition 

015 5/25/96 Sediment Geological analysis In storage, SCRU, Smna Fe 

016 5/25/96 Sediment Geological analysis Tn storage, SCRU, Santa Fe 

017 5/25/96 Sediment Geological analyw> ln storage, SCRU, Santa Fe 

018 5/25/96 Sediment Geological analysis In storage, SCRU, Santa Fe 

019 5/25/96 Sediment Geological analysis In storage, SCRU, Santa Fe 

020 5/25/96 Coral Isotopic analysis In storage, SCRU, Santa Pe 

021 5/25/96 Coral Isotopic analysis Permanent transfer, 
Willard Moore, USC 

022 5/25/96 Coral Isotopic am.lysis ln storage, SCRlJ, Santa Pe 

023 5/25/96 Coral Isotopic analysis Permanent transfer, 
Willard Moore, USC 

024 5/25/96 Coal Source analysis Perrnanent transfer, Curt White, 
DOE 

025 5/27/96 Sediment Geological and A- permanent. transfer, 
pollen analysis John Husler, UNM; 

B- permanent transfer, Palco 
Research 

026 5/27/96 Sediment Geological and A - permanent transfer, 
pollen analysis John Husler UNM 

B- pennanent transfer, Palco 
Research 

027 5/27/96 Sediment Geological and A- permanent transfer, 
pollen analysis John Husler, UNM 

B- permanent transfer, Paleo 
Research 
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F'S# IJule lllc.\icdntion fl:~~t~SO!J 'J'!lk<Cn His{!IONition 

028 5/27/96 Se<[illlGnl Geologtca! and A permanent transfer, 
pollen analysis John Huslcr (JNM 

B- permaneor transfer, Palt:o 
Rescarcl1 

029 5/27/96 Scdirncnr ( icologJcul and A- pcnnaucnllransfcr, 
pulkn analysis .John flusk~r· lJNM 

B - pcrrmutcnt transfer, l)alco 
Research 

030 5/27/96 Sed1rnent Geological ami A -- permanent transfer, 
po!!cn analysis Jolmllw;k:r UNM 

n- perrnnncnt transfer, 1\tlco 
Rcscarc!J 

031 5/27/96 !~ncrusrmion CO!!SC! val tOll SClAA, Columbia 

012 i)/)7/l)(i Scdinlcnt Dating Pcnnancnl" transfer, 
Wdlard Muurc, USC 
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South Carolina Department of 

Natural Resources 

Mr. Larry E. Murphy 
Deputy Chief, Submerged Cultural Resources Unit 
National Park SerVJCC 

P.O. Box 728 
Santa Fe, New MexJCO 87504 

Dear I .arry: 

James 1\. Ttlumcnnan, [1., !'II.D. 
l)j(~CIOI 

May JO, 199() 

l'aul A. Samiirn. l'h.D. 
llcplll)' lli1CCIOf loJ 

Mlwhu: Rt'Sourn~: 

Euclused 1s a brief report summaril'.ing findings fmm the exploratory dive Bob Martorc and l 
made on the f[.l .. lfunlcy on the 21st of May. 

Based on our lnnlled cxnnHilil!ton of the l-lunlcy_, wJth <:crl<unty that at some potnl m lime 
since it's :>1nking 111 least the upper portions or the vessel \.\''Grc exposed above the sand !'or a 
period oral lr!;t.<;l I 0 10 15 years_ ThJs conclusiun JS basr..·d primarily un tile presence of well 
developed colonies uf Star Coral (/i..vtrcmgia da/1{1(-') found on both hatchc~; and the upper surf"acc 

of the llullltscll'. Further detailed analysis or the specuncns wken could perhaps providi~ addl­
lional inl'ormatiun 1f desired. 

As l mentioned lo you cnrher. we do have a pcnnittcd artificial reef located with111 <l 111ik of 
the Uunley SJ!"l~. TllC reef IS partiully cumpuscd or H large IIUI!lhcr or sol ill len root long, fivr.: root 
dinmeLer steel stn1cturcs wh1ch hnvc been m the watn for several years. During past monitoring 
dives on lh1s reef' we have been typically interested in the finfish populalwns associated with 
thc.se struci.ILJ"t:s, hut durmg futuJc d1vcs I would be mon.· than happy to collect additional data 
concerning bumd and bto-foulmg if that \vuuld hL~ of some usc lo you. The bmiul nne and cn­
nu.slatJnn hy lllarine organisms associated with these structures may no! be much different from 
that experienced n11 the Hunlc'{ after sinking (32 years ugo. 

Our ovemll conclusiOn 1S !hat aJtc1 sinking, thL~ 1-Iulllc;-: substdcd IIllo the sandy ocean 
bottorn bnt fCill<llllCd partially exposed l"ur pc1haps 10 to !5 years dun11g wltich ti1nc <l well 
clcvclop1~d marine foul1ng comJHUJIIlY was cst<liJiis!tcd on any exposed surfaces Eventually the 
entire vessel wns buncd and most-likdy rGHJ<LllJCd so until it was discovcn.:d lasl year. All trace 

EQUAl, UI'J'tlKrUNl'I'Y NJENCY l'I~IN'I"Fll ON I~ECYCLED I'AI'EI< 
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of encmsting organisms, with the exception of the hard parts of the corals and oysters, dewm­
posed over lime. 

The relative consistency in overall appearam;e of the coral specimens found from different 
parts of the vessel as well as a lack of evidence of ;;~ny recent fouling would indicate one period 
of exposure in the distant past rather than multiple periods more recently. Additional suppm1 for 
the conclusion that the Hunley has remained buried since at least the mid-1900's is found in the 
fact that its present location has heen an extremely productive 
area fished by local shrimp fishermen for many years, Tt is almost certain that if the vessel were 
exposed to any degree it would have become a well-known obstruction ("hang") and known to 
the entire shrimping tleet. 

lf you have any questions regarding our observations or would like to discuss any points 
further please feel free to give me a call any time. 

cc: J. Miglaresc 
D. Cupka 
D. Whitak 
R. Martore 
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Sincerely, 

Melvin Bell 
Manager, 
A11ificial Reef Program 



Initial findings of a biological sur·vcy of thG 
Confederate :;ubmarinc 1l.L.llUNLEY 

Rubnl M. Mmturc and Mdvrrr lkll 
South Carolina DcparlnH . .:nt of Natural Resources 

On M<.ry 21, 1996, a .srng!e dive wa~ lll!l([c ro 1 he wn-:ck of 1 h': 1-J lJ Nl J (Y. Durrne the dr ve 

visrbility was cxln:rnc!y !imrled, 0-7. reel, and current ww-: slr~hL Only limned podro~ts or the 

hull or the vessel were ncu:ssrhle for cx;rnrrnalrnrr. i\ lthuuglr the cnlrre top or tlw suhmnri nt: w;rs 

exposed, only abuut !0-12 rnclws or the; srdes were acccssrblc for vrcwrng. 

During the dive. five colonies or hard coral were extracted. All were takcrr from the lop 
surface or the exposed vessel an([ each colony nppt:;rr·cd lo be i nlact and eomp!cle. 'J'wo ::.am pies 

wert taken frum each lratclr and one dncctly J'rorn tire hull art or 1hc srrorkt•l stuiTint box_ All 

lrvc wr:n• J<lf:ntificd as thL~ Stur Com I, i\sfiWIJ;iu dw111e. 

;\srnmgi{{ 1<.: not a true reef corn! butrs the most common stony curalrrl thrs area. lt IS n 
snwll, slow growrng coral whusL~ colourc.-: devclup in urrbtanchcd putchcs seldom excccdrng 5 

em (2 in.) rrt diamdcr. Growth ra\l~S in laboratmy cxpLTHncnts have IJcen reported as J·-6 polyps 
per year. Mew;urcmcnts taken on 
each colony me as follows· 

2 

3 
4 
s 

DilllllCtcr 
{1J__WJ_} 

30 
22 
2J 
24 
')_(, 

lktgllt 

(lJJJll!. 

15 
17 
20 
'_)] 

15 

Approx. 

:li-_P!J!)':JlS ~ 

(J() !0-20 yrs 
3r! 6-11 yn; 

40 7-IJyrs 
40 '/-JJ yrs 

:lll 5-IOyrs 

Hnsc:d on the discolorntron, srrnrlarily rn .site, Hllll degree or wearing uf !he coral colonies 
examined, all appeared to be h·nrn nppmximatcly tire sarnc fouling cornmunity, suggest rug one 

permd of \nne tn which significant btu-fouling took plm:c. ilascd orr tire rrumbcr of polyp-'> 
fotuHI on each colony and the average reported gH\\V(lr rate, we estunatc that at least the upper 
sur!aC(! of I he vessel was unbuncd and cxposrxl tu seawater ror u rumiunrntuf ten yctus a!ld 
l)rohahly longer 1\ should nlso be noted that 111 <ldclJtionlu the lengllt of trmc needed for coral 
colonies 10 grow to this size, additional trntc may ltavc elapsed due \o tire natural order· of succes­
SIOn un llL~wly subrrrcrgcd structu!CS 

We hnvc repcuii.xlly oUscrvcd tire same gcrtctal mdcr of succcs>;iou urr a variety of structure,'> 
sttnk as artil.ictalr·cer hnbilal. Harnuclcs arc uswrlly tire first culonrzers or newly suhmer-t,cd 
OhJC:Cfs, covcrr ng l he st rue\ u r·c w i 1 hi 11 a rnallcr o 1- rnonths. Encrusting orgar11 sr ns sue h as hrynzn­
arts, hydrotds, c:ertarr1 ulgae and sponges occm next I hml corals such as A1·tm.ngi(/ and Ocu!inu 
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are generally last to colonize an object, often taking 3-~l years to establish a viahle colony. We 
have seldom observed coral r..:olonics on an object before a submergence time of 3 years. 

The only other organi~m found attached to the HUNLEY wa~ the horse oyster, Ostrea 
equestris. This is a common ~ubtidal, high salinity oyster, small in size (5 em), usually found in 
small numbers as opposed to the Eastern oyster ( Cras:wstrea virginica) which can fom1 large 
oyster 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 ves~cl. There were no 
complete specimens. We believe th<.-tllhc sizes of the specimens observed (<5 em) could have 
been achieved in 2~3 years time. Therefore, it appears that the coral species colleded would ben 
better indicator or the length of time the vessel was exposed. The presence of these oysters docs, 
however, support the notion that at least a ponion of the vessel remained unbuncd for a signifi­
cant period of time. 

In (.;Onclusion, based on the number of coral colonies observed and the sizes of these colo­
nies, it is our e::;timatc that the upper portion of the ::;ubmarine HUNT.EY remained unbmicd for a 
period of at least 10-15 years. From our examination of hundreds of artificial reef structures 
along the SC coast, burial of such nuueria1 is typically gradual with complete burial of objects 
the size of the HUNLEY taking well over ten years. It is likely that the top smfacc only remained 
unburied for this length of time. The vessel probably underwent gradual burial during this 
period, hut an examination of the entire hull would be necessary to confirm this. The corals 
exmnined on this dive appear to be old (due to dark discoloration) and all approximately the 
same age, suggesting one period of time of expo . .:;ure, probably immediately after inittal sinking, 
prior to final burial. 
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SAMPJJ•: 
BFAKI•:R DRUm 'IOTA I, 
WEI(; fiT WElWl'I' WEJCII'L' 

l;S02) YJ2.7 66ri.(> 271.') 
·--· 

!·"SO :?6 '.!32 :l 454.1 22 [ .l) 

!,.SO ?.7 23 [ .4 (;.') 1.7 ())(),(; 

FSO 28 JlU.l 514.8 211.7 

!'SO 2() 300.8 ()48.2 257.4 

rso :~o 394.0 h/.0 3Cd.O 

*a!! WCJi_;hls ar~ m gm111s 
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SAMPLE 
TOTAL >1.00 >0.710 

>0.5mm 
>0.355 >0.25 >0.18 >0.125 >0.088 <0.088 

WEIGHT mm tmn mm nun nun mm nun nun 

FSO 25 40.96 19.62 181 167 162 2.52 3.85 7.26 1.64 0.95 

FS026 40.49 16.45 142 LJ6 LJ6 2.77 5.16 9.27 1.77 0.85 

FS027 41.27 4.47 0.62 0.67 0.84 2.17 9.39 1K16 3.56 105 

FSO 28 40.76 26.25 146 144 124 14 182 5 1.14 1.19 

FS029 41.34 14.21 0.75 0.72 0.83 2.84 8.46 9.88 1.89 158 

FSO 30 40.08 13.4 165 161 162 5.12 8.07 6.35 126 0.67 

t\o 
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Agt_: Determination or .Sediment at the llunley Site lJ~;ing 1 J(IPb 

Willard S. Moore 
Dermrtment oJ- (;c(Jiogical Scienc<~:-; 

University or South Carolina 

Colutnbia, SC 2~XW8 

}tii.nHIIll't.ion 

The dctGnllinalion or m:cumuhttion rules irr n:ccnl !IItlrirH' sediments is u 
frrrH!amental [JI'Olllcnt in Jllarinc r.coloe,y. lrt em:h euviroruncrH tile wcthod used must he 

tailored to I he factors known to Influence panicll~ deposition and movement. When usint, 

radionuclitks, such factors as sedlll1CH11llixinf', and dilution by coarse gcaincd material 
must be considered. 

ProJ'i]e,s or Wlpb (half life"" 2?..3 yr) Wlth depth in sediments have. bcc,u used to 

estimate snlimeniation rates 111 a variety or cnvirounwnl.s. ln an ideal system the activity 
(;\)of a rmlronuclidc wlll decny with time {t) at a cousta!Jl rate governed by thr decay 

couslant (A) of the raclionuclidL~. Equal! on I expresses this re!~lliom;hip. 

d!\ 

dt 

(I) 

ThG ra!l: of sediment accumul<.llion (S) may he expn:ssed as the change 

O( depth (L) Of a SCdimcnl particle with time. S has UllllS OJ' C!llfyr. 

dr 

rh ,d;l 1 
therefore dr · and .~---- 1 ~~.A -0. s d;·, 

d,• s 

rf Sis COHS[Hllt ami tht:~ initial activity oi" the radionucltdC Oil tiJC sediment is 

couslarrl, we can solve this dillcrculwl eq1ra1ion. 

,. 
•-' 

i:-> !he initial activtty (2) 

is the activily at dcplh =z 

Convc:rtmg lo natural logs we have 

line una In-· linear plot. 

A 
!!IA_._--Iw\o -7 .\' 

ISS 

This is liH: C(jll<!lion or a straight 



.....-------- intercept = Ao 

In Az 
slope ; )./S 

.....--------

z 

For 210Pb in nearshore sediments, we must also consider the aclivity locked inside 
minerals that does not change with time as it is constantly produced f'rom 226Ra decay. 
We corrected for this supported activity by subtracting the 226Ra activity of the sediment 
from the total 210Pb to yield excess 210Pb. 

The following assumptions must be made when using the excess 210Ph method: 
(1) The inilial 210Pb activity (A0 ) is constant 
(2) Sis constant. 
(3) There is no sediment mixing. 
(4) There is no migration of 210Pb within the sediments. 
(5) Production of 210Pb in the sediment is entirely due to 226Ra decay. 

Several factors cause nearshore sediments to have excess ?-
10Pb. Decay of 222Rn to 

210Pb in the atmosphere and subsequent fallout provides the primary source of excess 
210Pb. River-borne particles enter the coastal zone with 210Pb activities slighlly above 
equilihrium wilh respect to n 6Ra. and the desorption of 226Ra as these particles mix with 
salt water causes the excess of 210Pb activity to increase further. Offshore waters may 

deposit additional 210Pb. Decay of 222Rn and its short-lived daughters in the water column 
is a minor source of excess 210Pb to the nearshore. 

The removal of 210Pb 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 cores were recovered from near the Hunley site. Two cores 
(A & B) were collected 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 ahove l.he Hunley thnt underlay the sand layer. This core was 
retrieved artcr tlte surface sand layer had beL~Il removed. 

Cores A and B were cut into 3 em SC£~rnents, packed '1nto plil.<>iic petri dishes, 
weighed, scaled wilh clectncal tape and measured J'or radionuclides on a planer 
w~rmilnimu gamma ray spcctromctcJ. Arter the counlinr, period, the self absorption /'actor 
for !JOph was determined by p!Hcing a uraninite sa111plc on top of lhe saruple dish. Core I 

was sectioned al 1 em intervale; and treated in a similar mmmcr. 

The ganuna speclra were analyzed wang the program 1-IYPl~RMI~T and the peak~; 
were quantified using factors obtained by counling NSTS standtirds in the snn1e 
eeometry. F,xcess 210 Pb was obtained by sublractine the W•R_a actlvily from !he total 210Pb 
activ1ly corTt:cted for self ab~orption. 

After the samples from core A were couutcd, the sediment wns dispersctl in water 
and poured Into a 1 ern diarneter plastic: tube and allowed to scillc. The sand sclllcd 

rapidly and produced a layer at the bollom of the tube. After all of the scdime1II had 
scltleJ, llH . .: boUom of I he tube Wa~ fcozen and Lbc sand layer was separated from the 
rcmauung sediment. These f'inc (lllud) and coarse (sand) fractio11s were recounted in the 
germanium detector to detcnuirw !he fraclion of the excess 210Pb activity contaiucd in 
fine grained sediment. 

Based 011 counling stntistics and the reproducibility of Jucasuring standards and 
duplH.:ale sample:;, l.he overall uncertainty for m1 individual rneasurcmcnt i~; abo lit S(Yr_,. 

However, lhe error on the excess 2wPb activity may bc cous1dc.rably larger. This is 
because each of tilr.; iwJivirlnal e-rrors must be propagated when the 22r'lza aclivlty i:-; 
subtracted from the total 210 Pb activity. For example il' the total 2 wPb activity is 4.00±0.:W 
am\ the !

26Ra is 1.00±0.15, the excess 2101)b activity will bc 1.00..!..0.25. As the excess 
w1Pb activity decreases, the (~rror increases :.:uhstantially. 

[{(~suits and Discussion 

The results arc given in Table. I. Must or llw samples conlnined a slight excess 
n°Pb aclivily; but, the activity did not dimin1slt with depth as predicted by equation?. 
Therefore, these data cannot b1~ 11sed to determine scduncHtatwn rates. Scdimculmixine 
ami dilution wilh co~1rse grained rnatcnal probably caw;es the non ideal hehavJOr. 

The n:ason f'or separating thc material in core A into l'in1: and coilrse fractions wns 
to usc tile activity in the top of core i\ to estimate the 111itial activity of -" 0 l)b in the fine 
grained mud l'rolll tl1is site. This should provide a baseline activily of inltwl excess ·'· 11)Pb 
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in the material comprising core I. A comparison of excess 210Pb 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 210Pb activities in the fine grained material from core 
A with activities in core I reveals that the mud deposit overlying the Hunley (core I) is 
considerably depleted in excess 110Pb with respect to fine grained surficial material (mud 
fraction of core A). If we assume that the initial activity of excess 210Pb is given by the 

activity in the fine grained material in the top 3 em of core A, we can calculate 
In~ how long the material in core I has been out of contact with the surface. In this 

/=-:~~case the age (t) is given by 
), 

Ol 

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 yems with little trend with depth. l'or core 
I, ages range from 80-124 years with no trend with depth. The range of ages may reflect 
differences in initial excess 210Pb activity or may be due to the considerable error 
associated with the measurement of these low excess 210Pb activities. I conclude that the 
average age of 100 years for material in core I is probably conect within a 20 year 
uncertainty. 
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APPENDIXF 

Pollen Analysis of Sediments and Identification of 
Wood Associated with H.L. Hunley 
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INTRODUCTION 

The lL L Ilunley was a Confederate submarine Lhat ~ankin Febrw:u·y 1863 just outside Charleston 
IIarbor, South Carolina. Six pollen sample were collected from a sediment column approximately 
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 H1.mley in a probab1e 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 arc mixed. This particular process was developed for extraction of pollen from 
soils where preservation has been less llmn ideal ami pollen density is low. 

Hydrochloric acid (10%) was used to remove calcium carhonates present in the soil, after which 
the samples were screened through 150 micron mesh. The samples were rinsed until neutral by 
adding water, letting the samples stnnd for 2 hours, then pouring off the supernatant. A small 
quantity of sodium 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 p1ior to 
heavy liquid separation. At this time the samples are dried then pulverized. Zinc bromide (density 
2.1) was used for the flotmion process. The samples were mixed with zinc bromide and centrifuged 
at 1500 rpm for 10 minutes to separate organ1c from inorgamc remains. The supernatant containing 
pollen and organic remains IS decanted and diluted. Zinc bromide IS agnin added to the inorganic 
fraction to repeat the separation proc:ess. After rinsing the pollen-rich organic fmction obtained by 
this separation, all samples received a short (20 minute) treatment in hot hydrofluoric acid to remove 
any remaining inorganic pat1icles. The samples were then acetolatcd for 3 minutes to remove any 
extraneous organic matter. 

A light 1mcroscope wns used to count the pollen to a total of 201 pollen grains at a magnification 
of 400-600x. Pollen preservation in these samples varied from excellent to fair. Comparative 
reference malenal collected at the intermountain Herbnrium at Utah State University and the 
University of Colorado Herbarium was used to identify the pollen to the family, genus, and species 
level, where possible.. 

Pollen aggregates were recorded during identification of the pollen. Aggrer;ates are clumps of 
a single type of pollen, and may be interpreted to represent pollen dispersal over short distances, or 
the introduction of portions of the plant represented into an archaeological setting. Aggregates 
were included 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. Indeterminate pollen includes 
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pollen !_\l'al!l'> !I tal are folded, mulil<ticd, attd olltcrwtsc dtstoncd beyond reeugmtiou. 'J'hcse grmm: 

arc included in the total pollen count, as they arc par! of the pu!len record. 

A 5 x 30 mm piece of wood was removed from stnglc large sample that wa:; submitted. This 
smaller piece of wood was dried, then charred. The charccd piece of \Vood was broken to expose 
frc~;h cross and !angcnllal sections and cxanuncd under a binocular microscope at mag11iricalions 
up to SOx. The sample W<JS Hlcntificd tts1ne manuals (C :ore _el al. 1 9'/6; Panshin ami Zccuw 19~W), 

and by comparison wtth 111odcrn n~lcretJCes. 

DISCUSSION 

The Confederate submarine, fl. L I !wiley, sank tn 1 E6J approxtmaldy 6 miles outside Charleslon 
llacbor, South Carolina. Com!~ grOW Ill£;, Oil Lhu hull or Lhe Sllbmereed ~uhmarine Sll£_~e:;llhal this 
entirely iron vc:;scl was exposed on lhc uecan lluor lor approxmmtely 20--2) years hel"ore being 

conlplelcly coverc:d by ~edimenl (l.arry Mtt1phy and Dave (:onlln, personal cornnltmlcal!On, 

Sept e 1nhcr I C1, i99(i ). Rapid hurt a! or tile llrwl cy ts poss1 ble COIJSI tiL:n ng 1 he corn h 111Cd pwccsscs 
ul ocean cuncnl scour, displacctllem of the occa!l !"Jno1 scdime!ltS under the weight of thc iron 
vc:sscl, ami tltc s1mple accumulaliun ur sediment from the overlying walcr column. Local lure has 
itlllat the !Ju11!ey was lor.ated dltcing lhe !9Hls <111d was lotal!y exposed. No cv1dence supporli11g 

th1s account was found in the 1l)IJ5 field season. 

ScdilllCII[ JCCOVCIUd ror Ll!G pu!!en cuiUillll was located above tile al"lllalcll aJCa or the starboard 
s1de oft he llnuley The sedilllcnt column Jnlhis area was approxunalGly 85 cJJllhick and consisted 

uf several dJsliuct hty~.;rs ol" ';am! and mud. J">oJ!cJJ cu!un!IJ sample 030 was collected at a depth of 

80-85 CHJ aud rcpJGscnts tfJG layer of scdimcm directly overlying the surl"<~ec or the subnJ<trinc. 
Sampks 029 through 0:25 were recovered J"mm layer:; Wllhin the scdintent column at depth:: ranging 
from 0 to 60 em (Table !). CJ"he pollen spectm r,o,n the~e six ~alllple:--: were very si111ilar to one 
another. _l:'iU.!.!,<:. pollen dominmed !he record, l"olluwcd hy a mudcrut~.; quan111y ur Quq __ r,;us pollen 
(Figure I, Table, 2). 1ktula, CupJcssaccac, and Pow:cac pollen generally occurred 111 moderately 

sma II q uan1111r.s, ami Sill a I 1 mnounts or J\..l!l us, C;u:y.l!, Lli.Iuidamh<t r, Low· spHH.: Aslcraccw.:, Chcno 
nms, nnd Cypernceae pollen generally occuJnxl 1n all six samples. Pollen lypcs thal were notcd in 
three O!"lllOrc: ol the santplcs include Slliall qualllllll'S or EraxilliJ~, 08.ryu/Lurpi.J.!1.!.1:!, .lJ.luJl!!i, Hig!J­
spnte Aslf:r:tceac, I lex. Vit1s, Jndetcrnnnntc:, and u/lldcntified pollcll. l>oJictJ types 11oicd in less 

than half ol t l1c sauJ[.Iks iucl udc S!Jllll! q uanl1l ies of 1\cer, Corv.lus, J.!J.g1w~, Pial an us, Salix, /\piaccac, 
Cc<liJnlhus, Ccltts, LJ!iaccae, Rosaceae (scabratt:), Iox.i~_t)_tl~ndnm, and Iipha angw:>tiJo.!w·lype. 
Nun-pollen forn1s identified include dinoflagclales, foraminifcm, and mono!ete and tnlete :;pores. 

No pollen lypc.~s uniquely represcnlutive ol Jntroduced .spec1cs or lust uric marker spccJes, such 

as C:1slam~a, were id~:nli ficd m any of the six samples. Cma~tnC<l dcJJlal~l. (i\mcncan cht~sl nut) was 
systcJtmtically all bul wiped out subsequent to 1hc tntruduUion o(· chestnut blight 111 1904. If Arncncan 
chestnut grew ncnr the coast of South C<tro!in:t before tltc tum of tile century, Caslaul'a pollen 
should be H~pll~serned 111 pol len sa 11 tp!cs ul the Jlunl e y si lc thal represent c;Gdi JllCllts pre--dating the 
C<ldy ! 1J00s llowevcr, !he curreut ~<.lllgc of AnJeJtcaJt chcslrllll includes ouly the western !tall" of the 



slate of South Carolina, approximately 100 miles from the coast. Since this range is similar to Lhe 
range reponed for chestnut blight and, therefore, the hist01ic distrihution of chestnut, Cnsranett 
pollen would not he expected lobe recovered from sedimenls associated with the Ilunley, even in 
samples pre-dating the tum of the century. ln the absence of an expected historic marker, this 
pollen column is consistent with current belief that the Hunley was buried a mere 20-2.') years after 
its demise. However, the pollen column alone also is consistent wilh deposition of sediments at 
any time between 1863 when the Hunley sank and present. 

The pollen record is c:omposcd primarily of pollen representing trees. Tree pollen is released at 
least 20 feet in the air, giving it a significant advantage over pollen representing herbaceous plants 
that is released nenr ground level when traveling on the wind. The pollen of mtroduced plant 
species, even ones as prevalent as kudzu, would not be expected in any appreciable quantity al the 
Hunley site. This is due, in large part, to the ract that the introduced plant forms 1n the south are 
insect-pollinated herbaceous plants that do not produce large quantities of pollen. Also, this pollen 
is not readily transported by the wind. Since wind transport of pollen is likely a major contributing 
factor to the pollen deposition at the Hunley site, it is unlikely th<lt pollen from introduced pl<tnts 
would be represented in sediments six. miles from shore. Even pollen transported by river CUJTents 
is likely to be primarily tree pollen. 

A sinzle piece of wood was recovered from outside the hull of the llunley in an area that may 
have been a scour hole. This wood was 1dentified as Pscudotsutw._menziesii (Table 3, Fignre 2), 
representing use of Douglas-fir wood. Douelas-fir wood can be positively identified by the presence 
of spiral Of helical thickenings in the tangential view. Douglas-fir is considered the most important 
timber tree 111 western North America, with a range extending from Canada to Mexico. Trees from 
coa!->tal areas in southern Btitish Columbia and westem 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 finer-grained, more uniformly textured, and lighter in color than wood from 
trees in mountain and intermounlaiu areas. Douglas-fir trees in mountainous areas arc smaller, and 
the wood is softer and redder in color (Johnson 1973:83; Re1..~ord 1934: 144). Red wood has wider 
lings, and is stronger and more refractory under tools. Douglas-fir is sometimes sold as ''reel fir." 
Douglas-fir is used for general construction; planing-mill products (s1.1.sh. doors, flooring, and general 
millwork); railroad cars; boxes, crates, and pallets; containers for corrosive chemtcals; silos and 
tanks; ship and boat building; insulating and other types of fiberboard; particle and hardboan.l; 
poles, piling, mine timbers, and railroad ties (Pamhin and /.eeuw 1980:465). 

SUMMARY AND CONCLUSIONS 

The pollen c;olumn samples produced a vny homogeneous signal dominated by arboreal pollen 
types. A signal such as this is expected at a site so far off-shore due to the effects of wind transport 
on the pollen assemblage and the greater abundance of pollen produced by arboreal species. The 
absence of Castanea (chestnut) in the eastem half of the state of South Carolina eliminates this 
pollen type as a potential historic marker. No other historic marker pollen type is expected from 
this area. The pollen from introduced herbaceous plants is not expected from the Hunley site clue, 
in large part, lo the distance off the coastline. There is nothing in the pollen record that makes it 
inconsistent with the current belief that the Ilunley was bmied within 20-25 years of 1863. 
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A piece of Douglas-fir wood was discovered near the hull of the Hunky. Because Douglas­
fir is found only in the western United States, this wood was not obtained from n local tree. The 
wood sample represents use of Douglas-fir as commercial timber. 
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TABLI! 2 
POLLEN TYP!iS OBSURVliD IN SAMPLES PROM TilE ll.L !11/NlFY 

------ - ------
----

Scit:rllil"ic Nallle ( 'ommon Name 

ALWOH.FAf. JiOI J .EN: 
----

Ac.:r Maplt: 
------- --

All ill~ Alder 
------- -- --------- --------

Betula llirch 
--- --------

Ll!.!:y_;_\ l-!Jckory, Pt:t:Hil 

Ou:y_ltt>: lhl'f.dnul 
---- ----

Cupressact;ae Cypress i'amily 
-----

].'r flXiii_US A•:h 

Jtlf'[!lJIS Walnlll 
------ --------------------

LiiJlll!Ji.\mb_w_ SwcL:i gut II 
-----

Ostr:La/( :;u pinu.~ llophurt d JCiull/1-ft 1mhcmn 

!_?_i nus I' me 

l?JnUunts ::>ycaJlVH\: 
-------

Q!KC!:(_;IL~ Oak 
--------- -- --

.$\ilix W1Jlow 
----

!)linus Elm 
-------------------

NON /\lWUI<l\/\1, I'UJ.Lt:N: 

Apim:cac Parsley/cunol fmnil y 

Aslt:nlc•:a,: SUJiflowcr f';unily 
----

r .ow-spine Incluclcs ragweed, ttJcklcbur, etc. 
-

High-spi11e lt1cludes aster, rallhttllrllgh, snakcwccd, Sllnf'lcl\Wr, etc.:. 
------------

{.'can\llhus Bucklmtslt 

(\;[tit! lluckbeny 
----

Chctto-·attts l'igw..oed (<Utliifittllh) <tttd Lite go1l!>doot humly 

Cypcntr..:e;v,.' Sedge l"amily 
---- ---- - --------

J.kx_ [lolly 
---- ----

l.tlmcene Lily Lunily 
-

------ -- ------- --

1711 



Scientific Name Connnon Name 

NON-ARBOREAL POLLEN (continued): 

Poaccae Grass family 

Rosaceae Rose family 

Toxicodendron Poison-ivy 

T~12ha angustifolja Cattail 

Vi tis Grape 

SPORES: 

Monolete 

T1ilele 
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hgure 2. Pseudotsuga mcnsics_ii wood from ncar the hull of the /J.L. llunlcy, 60x. 
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United States Department of the Interior 
N1\TIUNAJ" l'i\l.U( SJ:R VJ(~l: 

Octo!Je! 10, l996 

Dave Conlin 
Sub1ncrgcd ( :,!llurul Resoun;es lJnit 
Natio11al Park ~;ervin:-. 

Snulhwesl Region 
P.O. Box '/28 
Santa h:, Nt!W Mexico 87504 -tr/2.8 

!Jear Dave, 

((agcTIII<III l'o~sd lktl.l N.ttion.ol lvlntHI"I<'ul 

:Ul N<ulli -'>lalt' S(ot•t'l 

J'.(). Uo.x S70 

]JaglTIII,IOI, )(J:t]l() ~.lJ~2-(J.~"/() 

Finally! A little brcatl!inr, 1i1m: !;1 get caught up on ubligatiuns such us the "rib". Y()LI'IJ notice thut I've 

put rib in quotes since ttprm clm;er exantinut!Oll it is not H:<tlly <I rib hut a portion of ~lerna! nut"liag1: tlwt 
couucct!i the fiiJ Ln lite sternum. The src:cunen is sntlll'Wh<tl ossified suggcstiug an ulth:t iiH!ividual Gut 
because ol Ilk: pomu~; nature of tl1c car1ilug1~ amlthe lack of any solid tnaterial IHl real eutn1arks are 

visible. Most of the original Slt~IIWI cmtilage is pn.'sent and it seems to havL~ bcell cut VCI')' close to its 

<l!l<ldUHCill to the stenlltlll and the rib. The two CIIIS a1·e wughly pural!el and d" I had ro venture an 

observation would probably em~ss cul with a saw !'illher than hacki~d with a blade since the ;lCtual surl-au: 
of the bone IS rather S!llt)oth, even when viewed ll11dr~1 111<1gnification. Uiven the StZc of 1h1~ specituen I 
think cow is a goud gues.<:. Whik f !lad :~cn:ss tu cow ribs for comparison, the specirneu did oot/iave the 

swmal c;utilagc Sl\ actual plat:emenl itt the aninml is nO! possible althouglt I wuuld ~:ay it l't'Jli'C~t~nts the 
stL~mal cartilage somewhere inlhe neighlmrhood o!" nbs (J to 0 I've enclosed copies or sotne illttstmliom: 

with the cartli<Jt,c highlighted to sltow how lhi~ l"il~ into !he overall animal. 

J'vc al~tl em:loscd a couple of illttstr·ntinns ol"cuts or meal. (_liven the ptuhably position in the rib cat;t~ 

litis would be part of a brisket t:lll or possibly tire shorl plate. As you will nole l"mmlhc cnclmul illw;tra­

tionlrom "Aninwl Hunc Archaeology" pagt· Jtl. both o!"these arc chcajJ ntis uf llll~at in the l<~lc liJtll 
century. 

If you would like me 10 pursue this fmthc:r I can retain th..c specimen UlliJI I cdn t!l!ikl~ a lrijlto tile Idaho 

Mtlscum ol'Naturall-liswry. They willlwve a cmv skckwn which m<LY fL'tainthL: stt~l!lal cartilage and 

would permit Jrw to llc more spccdic as to wltid1 rihtllis caniluge attaclt,;d. II' you l'eel that whatllravc 

done is sufficierll f"nr your pmpo~es, let Jlle know and I will rdurn the specirllt:n_ 

Aeain, ltry apologic.s for the overly long tilllLC it took Lo getthi~ snJ;tll utiiOUIIl o( tnl"ormmion hack In you. 

Smcerdy 

J0.~« 
Creg McDonald 

Paleontologist 
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0. S. Department of Energy 
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P.O. llo~ ilflQ P .0. [!()){ 10941) 
MUI()IIIllOWn, WV ~1tij0/-UUOO l'ilt~hurgh, PA 152Jii U94U WoS~/N IVuii......Jt.,w,q 

oiXdf.'!!>l"''"'""'lo.<IJ:'ro/J/<'I.U 

hr. Matt Hu::>::>r:.>l) 

ll n:ltcoltH:J.l s t 
.S ubmer<]cd Cu 1 It 1 rr~1l He~;ourc(;s 1Jn.1 t 

National J\1 r·), ~]e.r vice 

Soulhwt-~sl He9.inn 

P. o. Rox ·n.f3 
;--;,-:mLl F'P, New t1cxi.co R7~)0.1!-0'12U 

DPiJ r M r 

May i::l, 199'7 

\r·Je have: cxnmlned Lhro:> coaL f-rom 1-lle C.C.S Hunlc~y t:hiil. you sc'llt 

UG.lnq sl-.ilndnrd pet.ro~:-p:·apluc IP<"illtiqnt:':3. Two :3lllilLI (=· inch 

cb_amc--:tP.I--)dlllnks were ct:tkP.n fruw the fJ_-c3t ldr'ge·l piecr.:• of Lhc 

Hun Icy sdmple and onP. CiiTkd _]_ r·ltunk 1.va;3 \:tJkr--'1-1 fn:Hu l_he ~;ccund 

Sd!tlple. 'l'hc clmnk:::; we.rc po-l L;~J-wcl illllrHJ ilH:' coaL;' bcckhiHJ p-ldiH:::' 

.';o Lh.J.t. the V<ll--iOLL'~ l.en~;c:_:; oJ fllilCt.:'J.r_llc-; and mjncral:"; r:011ld JJc: 

olx;c:r vcct. 

'T'ilP I?Xdllli nat ion shoW('cl t.hnt:_ both co;JI 

hi.uh xa.nk and t.hal __ Lh1_;re were d_i,-,1 '1nct. 

samples were: of <e:-xt r·<'nlc·1y 

bdnds or vitri·n-'ll_f::', 

irn--ortinitc, llnd c-lay w:incr·aJ:·; <l-lon(J 

vj_trinitc rr--:f·lc•(_·LaJlce oi the tir-~;1 

t_Itr,: beddir1q p_Lanr--::·; 

ffl<t.'"-: ln o) l. 

retlccLaJlc·~ 11f 1.90 % mean !llil X 

co a] 

i n c 1 ·i I 

was an ex!- rf-:mt·· I y JLi qh 

gave: a vir_-1-iniLI=' 

The tJrst: v~l_ue wouJ_d 
place tllP c:udl in Lhc mc:t·rl dillhracil~c 

va.luc :~:c; ·1n the upper rc:JIH_ll--' 1;[ cmUuac 

arc~rJ:c; o[ S:Jidph_-J t0 in I he ~3dlll}JlC!:.;; bui 

rank, wh 
' 
le l.he second 

' t·p, T'llf-> cr:::• were onLy ,-:; 

I h L.s may he Due Lo 1 ]Jp 

thr1i wr-:- only CXUJrt.lnPcl d r--;mall amoultl of Uw original corJls_ 

("(_)dl~" I 

be mndt-• 

I f:W 

fact 

ThP ClllL'Stion OJ: t.hP. 

absu Lutc--e ccrtaiut-._y, 
Sinc·p we kttow tha L tl1e 
did ilOI_ carry c:-ntY co;J l 

ilunlt--o>y ,,va!) humrul puwr~_t:(.'('[, .1L most I i kPly 

v.ri.th ·i L. 'l'hc liou:'ictlonic (the: Onion c·;h i p 

thai__ Wet,'> sunk by tht=> flun)ey) w<J'o <l l!t-ivctll!C'l' lhL1t. was IlillllC'd Lor 

1 hP ilou;-~aLOlllC dr·erl i_n NE-ew EnqLund, ilnd probc:lbly c.-J.rl~iP.cl coal for 

~-EP_~ Y TO: Pili~;burnh Office 
Vou:e (4D)H92-5IJOO u FAX (412)89'2·-4Hi2 hllp"1NNJW.I<l\t;.doo.gov 



heating and/or power purposes. The New England area is the only 
p1Ar:e in the United States where meta-anthracite could have been 
mined during the Civil War:-. No Confecterate states' coal ls in t.he 
anthracite or meat-anthracite r:·ank. Therefore, the anthracite and 
meta-anthraci t-.A c;oals that were recovered in the proximity of the 
Hunley probably came from the Housatonic's coal storage bunkers. 

Thank you for sending us this sample. We en-joyed wor:-king on i.t 
and hope that. t.he above infonnation is useful to you. II yon have 
any questions concerning this, please call us. When you recover 
any additional coal samples from this or other wreck::;, we would 
be pleased to work on them. 

Sincerely, 

Dr. Curt N. White, Physical Scientist 
Mr. Gino Irdi., Physical Scientist 
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I. Back~round 

Corrosion Characterization 
of 

Confederate Submarine II L Hunley 

The National Park Service, requested participation or corrosion consultants in the ar(:heologlcal 
investigation of the Confederate submarine HL Hunley. JL1stifications, directed at the U.S. 
Naval Historical Center and the South Carolina Hunley commission, were for two on site partici­
pants, one with direct experience asscssmg historic hulls, and another with prop1ietary instru­
mentation for detection and quantiii.cation of conosion activity. The services of the corrosion 
cngmccr with historic hull experience could not be secured. However, time was conttibuted 
toward physical measurements of colTosion characteristics through the use of non-mtrusive 
sensors. 

Figure 1. LOM macro graph of encrustation cross section. 

The intent wa::; to use in situ measurements of electrochemical activity to determine the nature of 
general and localized corrosion. 

An encrustation fragment (Figure 1) recovered from tbe site was also examined. 

II. Instrumentation 

Tnstrumentation, with modifications for this spccif1c investigation, was taken on site for investi-­
gatwn of surface current flux, sea water voltage gradients, surface potentials, and polarization 
hehavior. 

D. R Polly 185 3 February 1997 



ll. R. Polly 

II 
'I 
I 

' 

. - . ------ "' 

IH6 

. ., 
, . .. , 

··' : 'i 
' . " 

. .', I' ' ... ; . .; 

.: ! ';, 1 
'j•J ., .. "' . 'I . , " ' I ''· • ,,, " l ,., 
' ' ' ' ' I , • I .. · ,· ., , I 

/' 

II 
il 

. 'i 
~ " ,, 

i( 

~ L 
1 ~ ;f i' 
"i _\ 

.1 February 1997 



Surface current flux instmmentation measures the magnitude and polarity of electrochemical 
currenl flow a~:,;ot;iated with corrosion activity. Activity is measured directly at the surface 
\vithout 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 of the mapping grid spacing. 

Sea waler current flux I voltag~_gmdient instrumentation displays real time measurements of 
magnitude and 3-dimensional vector orientation of current flux in water. High sensitivity (uA/ 
em3) and resolution (em) allows 4-dimensional plots of current flow magnitude and direction for 
the survey region. 

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

Pote-ntiostatic instrumenl;;1iion measures polarization behavior and the degree of electrical contl­
nmty between stmcture components. Dependent on good electrical contact with components. 
Method can establish the possibility of galvanic effects and cathodic protection crite1ia. 

Ill. Measurements and Examination 

Surface current flux. Several transects, with peliodic recordings of surface current flux, were 
made along the hull. Figure 2. shows the location of these transects as selies of colored dots on 
plan and elevation views of the submarine. 
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Figure 3. Surface current flux for transect HSl. 
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Transect clesigualed HIS, shown as red dots, is a longitudinal transect proceeding fi-om stern to 
how, along shell plate above stern concretion, starboard !;ide following the edge of the excava­
tion at lhe excavation/hull interface .. Mosi pom1s are along the centerline of the hull top. ltcad­
ings arc ploHcd in Figure 1 with respect to longitudinal zero indicated in Fie;ure 2. 

Transect desigm1tcd }-J2D, shown as green dots, IS a Jongitudinu.J tru.nsccl ii·om bow to stern on 
the porl side of centerline. Readings are plotted iu Figure 4 with respect to longitudinal zero 
indicated iu Figure 2. 
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Transect designated II3S, shown as blue dots, is a longitudinal transect ifom stem to bow. 
Readings are plotted in Figure 5 with respect to longitudinal zero indicated in Figure 2. 

Transect designated IIV 4, shown in yellow dots, is directly all 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 iOr plan and elevation views with respect 
to zeros indicated in Figure 7. 
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Sea water cunent tlu~ qnd vq_Hage gradients. A number of transects were made along the hull 
\vith the sensor positioned approximately 1 112 inches above the surface. Subsequent to the dive, 
sensor malfunction wus observed. At what point in the dive this occurred is unknown, making 
all data suspect. 

Potenti<Jl. Potenti<J! readings \Vere t<Jken concurrently with the surbce flux transect designated 
HV4. Connection to the hull was made by attachment, at a hole in the forward hatch, of an 
epoxy coated C-clamp with a pomtcd screw. All reading were -.62 volts relative to a Ag/AgCl/ 
sea \Vater reference electrode. The constant potential indicates there was inadequate electrical 
conncctwn through the clamp, or IsolatiOn of the attachrnent point from other areas of the hull. 

Polarization bchavwr. Time constramts did not allow diver connections and equipment 

configuration required for these tests. 

Encrustation fraemell_t. The fragment. was removed from a locution 1 fool forward and 1 foot 
down from the forward port comer oft he snorkel box. Reportedly, it is comprised of an 
encrustation layer removed fully to sound metal. Figure I is a light optical macrograph (LOM) 
of a 1i-csh cross sectional surface made by breaking the fragment. Figure 8 is a scanning electron 
micrograph (SEM) of the same surface. 

figure 8. SEM Micrograph of encrustation cross section. 

In this secondary electron image, chargmg of the white (LOM) calcareous layer at the Llppcr 
smface is shown as a light region approximately 0.5 mm thick. While biological gro\vth was 
cYidcnt on other fragments, this layer could not be tied specifically to biological ongms. 
Elemental analysis of the surface hy energy disperse X- ray spectroscopy is presented in F1~urc 

% 
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Fieure 9. Electron microprobe X-ray spectrum li>r (a) hulk, (b) 
upper surface, und (c) embedded particles. 
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Figure 10. BSE electron micrographs al (a) 20x, (b) ROx, 
and (c) 200x. 
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The rcrnaindt.:r oflhe fragment matrix is black (LOM) Fc
3
0r Througholll lhe cross sccliou there 

arc <mgular particles of embedded silica (Figure 9c) sediment In the lmcksC<lth:r(;:d eleclron 
images of Figure 10 these parlicleti appear darker t.hun the matrix. The particles arc 
approximately l 00 m Jn size. No slag filwc.s, which typically would h<1Yt.: a nominal dimnctcr or 
lO m, were fOuud. At its maximum, the matrix is approximately 2.8 mm thick. 

The bottorn surfi1cc is reddish (l.OM) Fe/\, no doubt having converted subsc::qucnl to removal 
from the site. 

IlL Discussion 

Speculation on tl1c results of loug ic:nn m1mcrsion is hest lort to hisiorint! experts. lluwcver 
some generalization e~m be m~1de. As discussed below, the em rm:io11 rate of sted immvrs0d in 
sea water is depcudcut on uumt:ruus factors, induding galvanic cuupliug, IOuliug, pfl, pollution, 
water veluei1y, and scouring. Alli~lctors which have no doubt changud significantly at this site 
ovc1· the years. Tln~rdOrc, the corrosion n1ie could vary gw<.1lly from nominal rates fOr sled 
immersiOn iu sea water. The commonly accepted rate: of 5 milt> per yea!' for initial exposure, 
decreases signi flc~lllily with time. Om.: inv0stigation of' lm1~ tcnn exposure showed losses of 
approximately 2 mds per year avcr<~ged over !he fin;t :J.O years, with 1 mil pur yc:ar Joss 
thcrr:aflt:1·. ThcsG rates imply thcr'C would he a loss of approximately J 50 mils (3.8 mm). This 
loss, for ecncud corrosion of steel, is higher tlHill what would be expected lOr con1parablc 
cxpo~mrc or wrought iron. 

Wnlllr,ht non mhciCntly has a higher corrosio11 rcsisiunce than steel. Tlli:-:: is due lo iron silicate 
llhcrs, !lnrncd by the slag inclusion:;; incorporated by (he h<lml-puddling process employed in the 
1;11r. 1700's and the 1 tWO's. Ailet· the sponge-like mass hom the refining operation was "rolled" 
and "piled" into the desired shape, there nntld be as ruany as 2.':i0,000 o!" more si!iccou~; slag 
fibers per iu" of cross section. Considered impurities in cadier l imf~~-:, 1he slag fihcn; serve as 
!llecbanical barriers to pit penetration, 10rcing rnorc 11ni fonTl progression of corrosion. 
Cliaracl0ristically, corrosion products are dunsc und adherent. Studies of old wrought irons has 
shown large variations 1n chcmic<tl composition, hut· records 111diea11J ihat lhes0 variations had 
llltlc c/'JCct on cmrosion resistance. 

!,:lc<.;lLOchetlli(:al rnqsurcmentt;, Detection and quautiJ'Jcation of vkctrochcmical processes is kc:y 
to undcrsta11ding present corrosion behavior The HL Hunley is susceptible not only to cmrostOIJ 

ora general nature, but localized aHack. DifJCn.:utlal aeration cells arc po:-;sible from vmiatwm; 
iu oxygen COJti.cnt dLJU w scdimcni cover, biolog1cal growih, water tlow, and encrus1ntiuu, in 
general. (ialvarllc cells can ocGUf with c:lectnca! Clltllinuity b~,;twccn cotllponcnts sucll as 1hc 
shell plates, rivets, kc:c!, screw, divv plane, and lhc snm kd box. 

llJsulJicicnt measurements were made for constmctin11 ofaciJVliY eontuu1 maps showing 
individual component behavior. Encrustation obscured katures sl!ch as rivet~;. Th0rdlliT, no 
corrclat10n's bctwceJl cr..Tlam features and imbvnlualJHc:asur~.:rnc:nts conld be made. (-Jow0VCf, 
SOllie generalization arc po;.;sihli~. 
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·At the locations of measurement where readings were anodic, activity was low. The highest 
anodic cun·ent flux was found at the excavation/hull intcri3.cc on the starboard side of the bow 
(Figure 3). 

• Cathodic current flux readillgs are much higher, on average, than anodic readings. This is 
somewhat unusual in that low level cathodic activity over large areas normally supports l1igher 
level localized anodic activity. Measurements indicate that inaccessible (or unmeasured) 
snrfaces or components are active anodically. 

• Figure 6 indicates that the starboard side of the hull at the aft hatch is aJlodic with respect to lhc 
port 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 identified as "concretion" or encrustation. 

Readings represent activity at the time of measurement. In the case of the HL Hunley, where 
some excavation occuner.l prior to measurement, some disturbances in the previous conditions 
has no doubt occuned. These disturbances are probably minor though, with respect to the 
inflnence of conditions available for promoting localized corrosion. 

Encrustation fragrneuL. The encrustation fi·agment, recovered from the hull, corroborates a low 
conosion 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 
encmstation and wrought iron. 

Encm"tation 

fragment desiccated weight "' 1.46476 g 

volnme: vacuum impregnated weight (deionized water)- immcrsd weight 

= 0.62512 g 

density of encn1station =2.34 g/cmJ 

Assuming a 90 wt.% Fc;O, (conservative); 

1.52 g lie/cm3 encmstation <------------------ .. -- -------------

At the measured encrustation thickntcss of2.8 1JU11: 

0.42 g fe/cm' encmstation 
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For typic~! hand-puddliug "'·;.-; g/cm' 

Assuming a chemical composilio11 typic~] ofmofo: rnodtrn wronglH iroH". 
1ron silicate: 2.5 wt.% ( 1.36 !o 6.2?.%, higtonc<Jlly) 
o!lJeJ dcrw:nts: 0.3 wl.'% (a~ high <JS 0.73 histoJicully) 

7.5 g Ft:!cur' wroii[_;ht iron ~ .... 

Metal loss 1s lht.:n, 

·- 0.5() llllll <. 

indicating rcluti vcly tknsc t.:orrosion products \Vith approximately a 5 to J produt.:t/ metal loss ratio. 

JV. SunHnlu·y neennuneudation!:; 

The dJscusston of corrosion dwn1r.::te1 i:-:til.:s ts bm;cd on vary limttcd data. Wbde uo hulltlll.:asurcment~: or 

r.::a k:u htt ions for the rccovet eel encruslalion ti·agmcnt mdicatcs lm ge loss~..:s, pad icular attention :;Jwuld be 
JXmi to cc1 tam aJ c<tS in preservation or recove1y efl"ons. 

The estunatc bwwd on general steel corroSIOn, places cmss seciiomd loss at 7.6 mm fur c;xpoSLlrC of both 

siUcs of pla!G. 'fhi<~ estimate IS uo doubt C(JJISt:IVativc, ami r.;alculations ba~;cd on the encrustation 

l"ragmcnl pl:.tct.the rnmimurn cmss sct.:lionalloss at approximately l mm. However, lht~ anisotropy ol"thc 

wrough! JJ"Oll must also he considered. Corrosion of cut ends ofwrou~bt iron plate IS generally 
COI!:;tdcred to lw more severe than corro~;10n of the rolled StlrliJct.:. "fhcre!"orc, fl.:Cmnmend ex<~minatwn of 
n:prcsentnt 1vc joints of stru0tlll"ai SJgmfieanec. Not only an: rivds likely to be prone to prdhenlml 

al1cwk, but ah;o the cdg:cs of the plate tht~y CfHHtct.:L 

No ht!jli anocl!e cell readings were made winch coJJld it.Jcus n1orc speei1ie investigation, except l(n !he 

!L'ndency to higher tlctivity toward the underside. Recommend thut tlwlowest elevat!Ou be cxcunmed 111 

any further et1ort at ~ pt:t:i lie dckrmination of rcm"Jll1 illg, cross scclHlJL 

Cnsl IIlli I (kel:l) galvunic effects appCHl :,mull. l·lowt~ver, !ht.: relatively high G<l!ltodic actiVItY must be 
suppo1 ted hy anodic .':urf<Jce~; at some locatJOJL Diss1nlibr md11l interl~tccs .•;hould be seruhni:.-.cd. 
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M1ssion: As the Nell ion's principal corJsnvatwn <lgcncy, the lkptll'till~nl of the ln1er1or h:1s 

responsi b1l i l '/ l"ur llHlSl of our natror wl I y -uw 1 K'd pub! ic I ands and nat und and cu h ural n:::smrrccs. Th 1 s 

Includes fostcnng wrsc usc of our lc111d and wall'!" rcsolll'l:t::;, protcC:tlllt.', 011r fish and wtldldc, prcs~rvmg 

the: <~rwnnnme.nllt! 'dill! cultund values of out' nat"lonal parks ;HHI lllslonc:d plilc<:s, a11d prrlVrding fo1 
the en.J oy me r1t of I 1 l'c ll1rough (lUI door rcc n:utrort. 'J 'he I Jt:par1m1~ nt assc.ssr~.<..: 1 Htr energy and r 1 !ltll~r al 

r·esm11n~s ami wurk to <tssure that their dcvelopmL'tll 1s rn the lwsl llllc:rests or <lil our peopk_ The 

lkpurtmcnl nlso [)l'OillUlcs lhc goals or the 'J'clkC l'ntlc ill AlliCIICil Cilllljl<tlgn )Jy L~m:nuraging 

Sl C:IV ilH Ish I p <I nd c i [ i /<..~!1 I L~Sj)llllSi biJ il )' i"or the pu[JJ IC I unds and prOiliOlliiL\ C Ill n;n pill"liL: 1 pH llllll Ill l!JL~l r 

care. The DcparlmCil! <II so liaS a lll<IIO!' l"<..~sponsrbiltly r()J" i\rncncanlttdiHilll:SCrValJO!I (:()ll"!llllllllliCS 

'l11d ror people who lrvc in lslwtd Tcrritmic·s under lJS AdllJtnrslraliOn 




