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Peholeum exploration and develo ment 
ere now being carried out in water % pths 
of 5,000 feet and more. I n v e s m  for 
these offshore activities are hugs. rates for 
some da water drilling rigs alone are 
curreatly IP 100~000 per day or more, and 
total investmnt in same deepwater devel- 
opments has been as much as $1 2 billion. 

To com licate matlers, shallow geologic 
and d' conditions at deepwater sites are 
often complex and difficult compared 
wim conditions typically found on the 
continental shelves. Tbwecomplex condi- 
tions proseot scriouo engineering and safe- 
ty challenges that Feqahe careful applica- 
tion of geoecience techni ues as a basis 
for avoiding a reducing $azanLsandto 
help minimize the cost of deepwater 
development. Reliable engimxriog-geo- 
logic characmizsbion of site conditions, 
beiig incraaf'mgly based on 3-D seismic 
data. is essential to optimize sitin design, 
and opemion of facilities >to thus 
maximize value to investors. 

Complete characterization of offshore 
sites includes definina water de~tbs and 
seafloor to graphy; detennidng soil -Zpropemcs and relationships 
among soil smta, and making an engi- 
neering assessment of geologic condi- 
tions. Geophysical data &tine ~eoloaic 

ic points~alons, nei& 6ompletely-char- 
acterizes a site. Among the activities 
nquiriog offshore site cbacactcrization. 
including geohazards awssment, are well 
planning and exploratory drilling, pipeline 
routing and dosip. and facilities siting 
and dasign. 

Complex deepwater (w-ater deptln > 600 
feet) conditions in the Gulf of Mexico tbat 
Qan cause enginwttg dif&ullka indude 
1) Meep and potentially unstable slopes of 
10 degrees or man; 2) irregular, com- 
monly rocky. topography with sharp relief 
ranging from a few feet m several tens of 

, feat: 3) faults, many of whi& appuu to k 
active. with d o o r  scerps mging up to 
man than 200 feet high; 4) both modem 
and ancient landslides covering large I mu: I) gas h y d u  (solid, ica-lib mix- 
tures of gas and water found h water 

depths > 1,500 feet) that may be sub- 
ject to nduced shear sum@ and 
thaw settlement when heatad; 6) over- 
pressured sands at relatively shallow 
depths; 7) erosion of tens of feet of 
seafloor sediments; and 8) soil condi- 
tions ranging from weak. unde~con- 
solidated soils to rock. Similar diffi- 
cult conditions are found in many 
other deepwater areas outside the Gulf 
of Mexico as well. 

Several geophysical tools are 
used to help characterize qiCalIy o shore 
sites: a nanow-beam water-de th 
recorder with velocimeter calib rat!' on 
a d o r  a swath-mapping bathymeaic 
system; a sidescan sonar to show a 
plao view of the d o 0 1  and f e a m  
on if, a shallow- nebation subboaom 
protiler (35 &) to show geoIopic 
conditions to penelrations of up to 
about 200 k c  an intamediate-oene- 
tration prom& (mhispker or h a l l  
air guns, as ex es) to show condi- 
tions within the "P' oundation zone (to 
penetrations of about 500 feer): and a 
deep-penetration profiler (air-gun 
m y  with multt-channel digital 
recording. for example) to show dbop- 
seated faults. buried landslides. and 

Results of marine enginsering geo- 
physical site surveys include a variety 
of color graphics such as water-depth 
map and 3-D penpective views of the 
seafloor, seafloor gradient map. 
seatloor soil and soil province maps. 
mu c m  sections. geologic smclure 
andfeatuns~,~hazardsmaps. 
including drilling risk and develop- 
ment favorabiity maps. Resalts I) are 
presented wing Jim le, straipht-for- 
waNttumino10gy d notintechnical 
jargon the end-aw (enginem) may 
not be familiar with, 2) foous on the 
imponant enginwing issues and not 
on wwcy documtntation and nnwbob 
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ologies: 3) are presented as quantita- 
tively as possible: and 4) are integrat- 
ed w i ~  geotechnical data for a reliable 
definition and engineering assessmnl 
of both soil and geologic conditions. 

Developing trends include increasing 
use of 3-D seismic data and worksta- 
tion analysis; siFe-survey data increas- 
ingly being recorded in digital formst; 
integration of site-survey results in 
GIS data bases; and application of 
exploration and development tech- 
niques (including athibute analysis 
and geostatistics for direct characteri- 
zation of materialn using seismic data) 
to shallow engineariag concam. 

Charecteriziag deepwater sites around 
the world, and develop' new W- 
nipues and ~echnologies% doing so 
quantitatively, will wntinue to pro- 
vide marine engkdng geoscientists 
with tough challenges into the next 
a m .  
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