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Hy’dfologic Surveys Applicable to Dredgirig
Operations

- Purpose
~ This technical note documents a survey of existing geophysical equipment
" -and techniques for dredging use. Information presented herein provides plan- -

) * ners and operators guidance in selecting appropriate equipment and
“geophysical techniques applicable to specific project objectives.
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- For years, the Corps relied mainly on boring studies to identify the physical
properties of materials to be dredged. Some geophysical techniques were |
. used, but to a limited degree. Boring studics are costly, often provide limited |
- information, and omit important details pertaining to cost overruns of some
~ studies. Additionally, new dredging operations cannot be conducted until an
accurate assessment of site archeology had been made. Department of the
- Army Dredging Guidance Letter (March 13, 1989) mandates cértain remote
* sensing requirements, such as magnetometer surveys. K -

*interpretation of bottom and subbottom site conditions, particularly whenin- -

 tegrated into well planned boring and laboratory testing programs. Such con-

. tinuous surveys provide an efficient, cost-effective means of acquiring virtual-
‘ly continuous coverage as opposed to potentially dangerous extrapolations
between distantly spaced boreholes. All too often, dredging contractors are

- awarded valid claims based upon limited or incorrect information gleaned

" from such interpretations. Relatively new geophysical technology based
‘upon seismic digital data acquisition and interpretation procedures is now
available to provide more reliable, cost-effective information necessary for a

more complete site assessment. g o S
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- Geophysical surveys, when properly executed, can greatly enhance the -
o

|

- US Army Engineer Waterways Experiment Station
3909 Halis Ferry Road, Vicksburg, MS 39180-6199
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‘Additioﬁal Information

" For add1t10nalmtormat1on contact the authors, Mr. Thomas 9 Harmbn
- {601) 634-3583, Mr. RobertF Ballard, Jr., (601) 634-2201, or the manager of the
: Dreclgmg Reqeanh Program Mr. F Clark Mc\Talr Jr., (601) 6’%4 2070.

» Intfgdi..‘-l.,n

Th pnmary ob]euwe of this st uav was to locate 'md evaluate exi'a'it‘lg
‘ c-of-the-art high-resolution geuphysmm cquipment and {echniques to
- d'%' ermine the phvsmxl properties of bott om and subbollomma ;eria} ‘
o drédging. A seconds ry objective was to determine the most efficient cq'ﬂp—
- ment and techniques for the rapid idenlification of pertinent items, such as
“density and ma aterial tvpc, to enable Corps assessment of bottom conditions -
on a predredging and pmtdredgmg bac;ls, the prime motlvator bemg com-
: 'plete site assesement w1th maximum LO*;t savings. ‘ -
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An equ1pmen£ survey cvalu1tcd the effectw eness of exmtmv geothslcaI
methods for determlmng the physical properties of the dredged material.
The survey included a literature review and personal contact discussions
- with equipment manufacturers, other developers, petrnleum exploration en-

‘glm.ers university scientists, and various Federal 2 agencies with similar inter-
ests. This approach was structured to offer the dredgmg community a better
~understanding of what a geophysical survey can do and how it will help
ellmmate certain problems that arise when dredbmg projects are undertaken
cal teLhmques ‘.'haug,ht tﬁ be
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. acow its potef*tial rate of return per l)!lar
. spent. A brief discussion of tt impedance concept (data ﬂr'qmsztxon
and visualization) is rendered Other techniques, such as ground probing
radar (GPR) and resistivity, will be addressed to a lesser degree because of

- their lower state of develonment for application to dredzmg operations. An
overview of navigation and the unportance of adequate plannmb ralso are
pre.sen’fed ‘ ‘
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'Acoustic Profiling SySte‘ms
I‘rofiung systemb have been used for several years to aid engmeers
geologlstb, archaeologists, and oceanograpners in determmmg the nature of

LSt hgraphy bE'IIGW the t‘OuOII‘\ of a water uuuy

 High-resolution en inc ering seismic ‘;urvc"s are
g & y5e O ;

low dep ths. By fart e greate '~ percenmgﬂ of th :,engmeermg work is actual-
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include, but are not limited to, reconnaissance geological surveys, geotechni-

cal characterization, mineral exploration, foundation studies for locks and
dams, harbor development, cable/ pipeline crossing surveys, cultural resour-

ces (archeological) sur vey's, and dr edging.

qqgnarq and ma gnetome etors are
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Acoustic subbottom profilers, side s

sca
state-of-the-art equipment specifically des i ned to undertake bo ttom and sub-
o i ‘

“bottom investigalions. They are w1delv in all nhaq of underwater con-

btructlon pmlects and search (‘yperatlons.

thh-resolutlon pmger ’ and “boomer” acoustic profllmg,, sy stems arc

used to collect subbottom data which is printed on a graphic recorder as a
continuous two-dimensional profile. The graphic recorder contains control
functions which permit optimum display of reflected si gnale in “shades of
gray.” Ttis considered the key component in waterborne seismic reflection
‘5y.'>temb The arnount of penetratlon will depend on the combination of fre-
quency and power selected. Tt also will depend on the material type which
‘composcs the bottom and subbottom. In conjunction with private conirac-
~ tors, the US Army Engineer Waterways Fxperlmcnt Station (WES) has
| [dcvclo[xu and is pre::enhy testing and i 1r"1pr0vmg a high-resoltition geophysi-
-cal syatem 0 uch“t’T‘ﬂ‘;ﬂ’c‘- soil characteris Sb_y acoustic impedance. A

_ prototype system was assembled as part of the Dredging Research Program
:(DRP) in ,[95‘3‘:1—‘Jr ). That system has been tested on dredging projects at severa
- different sites on the east and west coasts of the United Sfates The results of
“these tests have correlated well with boring analvsm (”ground truth") in the
_‘;dreds survew.d : .

k Dredgmq Apphcatwn. ‘Selsmu proﬁles obtained with h1gh-roqolut10n sys-
“tems in comunctlon with bormg data can be used to construct continuous
~cross sections of areas w1thout interpolation between boreholes. Data can

. then be processed into three-dimensional color isometrics of the dredge cut

“"and can be used to calculate the amount of material to be removed. Addition-
~ ally, material density is calculated and color-coded, and the predicted
material type tabulated. Flgure lisan example ofa three—dlmensmnal le
sity-coded project presentation (all original density presen tations are
coded for easy Vlbuah/ahoﬂ) Note: The figure presented ﬂcrc isin
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~ grid pattern with lines Spac'ed at variable dl"‘:t.,‘-.‘w& denpndlnv on objectives
- of the survey. Small survey boats (30 to 65 ft long) are ad equate for per-
forming a complete multqutom survey. Over-the-side and surface-towed
source/receiver arrays should be towed at speeds not exceeding 4 to 6 knot‘-,-.
If this rate of speed is exceeded, the quality of acoustic data may deteriorate.
~In some cases, however, hull-mounted transducers may operate satisfactorily
. at speeds up to 20 knots or more. Additional factors affegtmg the towing
* . speed of acousti¢ source/hydrophone arrays are firing rates of the source,
horizontal scale of the record desired, and survey boat design. Data acquisi-
tion must be interfaced with the navigation system so that accurate informa-
- lion between position and data is recorded at ail tlmes. ‘ :
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Figure 1. Conlﬁutcf-proiﬁcied three-dimensional deusity p'l;dfiie

Data 'nterpréz‘atio f. B ;‘caam the seismic source .L..w.u,f.u"ci' is a three-

- dimensional sound souree, care must be givento theint pn.ta.’aon of scismic
. profiling records obtained with conventional two-dimensional graphic record-

eTs “This is -particularly Lrue in those instances where the bottom or subbot-
tom traversed has considerable deformation or anomalies. In gcnc,ral five dif-
ferent types of spurious signals exist that may cause confusion in data inter-
pretation: direct arrival, reflection mu]t:p]e, water surface x'eerLtmnq, side
- echoes, and point-source reflections. - Anv of these types of slgnals can be

| mlsmterproted as real data

Advantages and Limitations. Prlmdry adv:mtagea associated with acoustic
‘ subboftom profiling are continuous documentation of refiecting strata, rapid
'coverage, and relatively low cosl. The elimination of two or three borings-
- _can, In most instances, pay for a complete survey. In some cases, even the
- lack of reflections, such as fror *1(‘11~:c0n'rnmou~, <trata can yield valuable
inierinclth,_Lu ‘ )

The r'iué1 ty of records obtained in seismic reflection U!u ies i pends great-
“lyon the presence of subsurface horizons which will reflect aco Lstl_r_ cnergy.
Differences in soil types, density, water content, and degre of solidification
“greatly influence the reﬂontmtz Droocrtlcs of the subbottom strata. Other
| fantor«. affecl the success of a seismic reﬂectlon survey. These may be
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, Lonvcmcntly grouped into four c]asses external (nmsc, weather LOl]dlthDS
and boat traffic), vessel (size, mechanical Londmon, and operator), instrument
. ,(age, alignment, and selection), and operator/t Lecnmaan {ability, expericnice,

~and kuu‘n’uﬁuge—{h survey U}'}t" atu)hb) Selsmic pu..uuu; arc LS:vL.llUdll) useless
unless the precise location of the survey line is known. '

Seze,mm records show layer thl(kn\st; asa functvm of time; thus, the trize
" thickness can only be dgtcrnuncd if the speed of sound through the material
is known. Absolutely accurate sound wave velocity data are seldom avail-

~able; thcrefore, layer thic knesses must be consid ered asc lose appmxunatlom.

Subtle changes in lhc reﬂected s:gnal do not a}ways represent a chanh,e in
‘the soil ty pe, but may be only a change in a physical characteristic of the soil,
- such as grain qpherlcltv, porosity, or density. Therefore, carc must be exer-
cised in evaluating the strength (darkness) of the record 31gnal Acoustic im-
' pedance processing techniques appear to offer advantages in data processing
by using parameters other than the btrength of the sighal. Impodancc LalL ula-
, tlons arc based upon absorptmn as a function of frequency.

As water dcpth increascs, the area of seafloor receiving seismic ener;,v also
incrcases. Because of the beam ang,le of the transducers, records in deep
water will tend to 5110% av erage conditions over an area rather thana bpf:‘(‘lfl(‘ ‘
- profile directly below the ship. Future studies involving beam-forming ap-
- proaches to data acquisition will apprecmblv narrow these cffective beam
widths so tha.t a predet m 1"1ed ‘window” size can beselected. '

The cmerator / technician is an extrémely imbdrtant element of the seismic
o survev ‘Seismic eqmpment manufacturers advertise that anyone can operate
- their equlpmen’c and this is basically true. However, on a multisystems sur-
vey, numerous operational and technical problems may arisc which can
~ result in poor quality data or downtime. A qualified equipment specialist
- will be able to eliminate many of these problems by recognizing poor quality
data when it occurs. Such an operator can be expected to optmuze con trol c.et~
| tmgs for the best slgnal quahty ' :

Radar

J

Under certain urcumetances, seismic acoustic methods are severel\ ham-
pered by multiple reflections which may occur in shallow water. Under such
" circumstances, radar ¢could be a viable high-resolution alternative to differ-
entiation of subbottom materials to depths of tens of feet in fresh water. -
“Studies conducted by the US \:eoiobmal Survey in cooperauon with the
Federal Highway Administration have shown potential usefulness of this
' technique. In the course of this study, it was fo us ad that Ground Probing
- Radar (GPR) proved highly effective for detecting s subbottom layering. Be-
‘cause dredging operations often require sharp definition to top of rock, the
“application of radar could provide meanin vful information {with accuracies
1oproadun<z a few inches) as a sum)lcmonl {0 acoustic subbottom pmﬁ]mg in
those mstameq where freshwater oneratlons are takmgz place. :

' Technical Note DRP-2-03 (December 1990~~~ oo o S




‘ The most obv10us advantage ofa L.I’R survey is the speed w1th which 1t
" can be conducted. High vertical and horizontal resolution capabilities are
other attributes. GPR can survey through asphalt and concrete provided -
there are not la-rz.,u amounts of rebar material present. By selecting the proper
" antennas {(which are available from 80 MHz through 1GHz) the depth of the
investigation and resclution mpauiums can be varied. GPR can survey
- through freshwater and, under certain circumstances, detect or
< on grounds vater or even heai-’ er- .hr an-water conf:en.t- ations of contaminants.
Gxnce wqterborne apphcatmm of GPR are qparqelv docum@nted, a wide
“range of advantages and limitations is yet to be developed. One severe limi-
- tation is known to exist. When conductlwtv of the medium (whcther liquid

o or solid) is hi gh, depth of the investigation may be virtually nonexistent or

limited to inches rather than feet. Examples of materials with high conduc- _
_ tivity include salt water, conductive organics, and fat clays. One must bearin =
- mind, however, that abeence of data (s)gnal return) also can be qu1te Lo

meanmgfu] . - , , P o

Re51st1v1ty

Thc electr:ca! resls‘clvlty of seafloor materialq depmds mamly on the1r !
porosity, porc water salinity, and mineralogy (mainly grain size and clay con-
tent). Therefore, measurement of the electrical reqlc.hvlty of scafloor materials
can provide information about gcntechmcal propertmes of interest for dredg-
ing investigations. Along with porosity and grain sizc, gootecnmcal proper-
ties that can be determined from resistivity data include sediment aensiry, de-

A A mentl,

. _gree of consolidation, depth and thickness of qu ottom la~ vs, and de pth ’cu
‘bedrock : ’ Co : -

qome gf the llmltaflons associated with oer.)ter:l'mlcally ori;;..ed acouﬂtlf

- techniques do not apply to resistivity measurcments. First, acoustic measure-
“ments generallv require minimum water depths of about 5 to 10 ft to avoid
problems caused by surface reflection effects. Resistivity measurements can
- beé made in any water depth and, in fact, generally become more accurate

- with decreasing water depth. Second, the presence of interstitial gasin
seafloor sediments often attenuates acoustic signals to the point where no
usable acoustic data can be obtained. Experience with resistivity measure-
" ments in a variety of marine en vironments indicates that gas content levelq

“ that completely attenuafe acoustu s1gnals have no rnedburable effect on’

. resxstwnt} data : IR : : I

.

Ele 1’: rical resisti qty memods have a number of d1sadvantages cornparea .
acoustic fechni ques;‘ Because resistivity is diréctly related to water '
salinity, salinity effects must be considered when interpreting resistivity
values in terms of geotechn .:cal parameters. The necessity of towing a rela-
tively long cable behind the survey vessel is qmte an operational disadvan-
tage COmpared_ with acoustic !‘Lﬂ@LUO techniques. Because resolution of sub-
" seafloor resistivity propertics increases as the elevation of the cable above the
‘ seafloor decrea scs, it is de51rable to tow the cable along the seafloor rather _

Technical Note DRP-2-03 (December 1991)




_than within the water column or at the surface. Althoug gh cables as I()ng, as o
- several thousand feet have been towed along the seafloor with minimal =~
p1 obles, the posslblhty of snabgmb dl’ld cable dama;,c cxists.

Since the electucal res;stlvltv measurement prov1des a (enter-wexbhted T
average of properties of material beneath the cable, the inherent vertical and
 lateral resolution of resistivity data is not as good at that provided by high-fre-
- quency acoustic measurements. Finally, although computer al gorlthms for in-
‘terpretation of waterborne resistivity data are available, such algorithms are
_ relatively slow and do not presently permit data interpretation at the desired
" rate of a few seconds per station for real-time dlsplay Future developm(.nt
W111 mmlmve this restriction. : S

Acoustlc and r051st1v1ty methods f()r waterbornc gwtcchmcal inv ebtlga-
tions are complementary. Thercfore, combined use of the streng,ths of the
‘two techniques would provide considerably more confidence in interpreted
geotechnical parameters than the use of either method alone. Although
“prototype towed-array 1 Tesistivity systems have been used successfully, the
~ 'state of development of waterborne resistivity hardware and interpretation
-+ techniques is not as advanced as for acoustic systems. Development of fast -
'1nterpretat10n algorithms and construction of transmitter-receiver and com-
~ puter data acquisition systems for routine survey use are possible using avail-
- able hardware and software thhnologv, but at prESent these capdblhnes are
vet to be explo1ted _ | A

- Nav1gatmn Systems

The best data obtamablc are useless unless the exact loca tlon of that data is
 known. Several types of navigation systems arc used by the Corps of En-*
. gineers today — all having the ability to locate XY coordinates within a few -
fect. In most instances, however, the navigation systems are separate from -
- the geophysical data collection systems. The chances for error are significant.
. By combining or integrating the nawgatlon and geophysical data acquisition
_ systems, the chance for error in minimized. Future navigation systems will
~ undoubtedly incorporate the Global Positioning System (GPS), which will be
~-available through the DRP for Corps of Engineers app‘hcatl(ms in the near fu-
- ture. At present, horizontal two-dimensional surveying accuracy is on the
order of a few feet, but the complete GPS (with its satellites, receiving
“hardware, and processing software) will offer three- dlmensmnai accuracy tn
WLthm a fewinches. : ,

‘ Planning

T Preparatlon fora pred redgmg surv ey should be given carcful considera--
tion. The spacing and the length of gr1d lines should be sufficient to cover the
entire area to be dredged with a minimum of interpolation. The selection will

_vary, depending on known geologic formations, the criteria, and the number
- of h"izards present. ‘-:urvev lines should be preplotled w1th capabﬂlhes of
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bcneratmb new lines whxle the survey is in progress toe ensurc that anomahes
d.c‘.L overed during the qur'va can be thorougnly investigated.

The 5 *.rveymg eqmpmcnt hould mdu sut not b limited to, pinger, - ,
boomer, szde—ecan senar, magne*ometer Tn*hometer, d:‘q .;torage, and associ-
S

vthe botfom on the boti:omf and be]ow the bnttom

L Bormg sites should be selected after analvsu; of the subhottom proﬁle _
" ‘records. This will ensure that all the different types of material prebent will

. be sampled and also minimize the number of borings. Boring information -

~'should be analyzed, logged, and compared to the subbottom records. The

“exact depth of the subbottom strata can be corrected on the subbottom profile
‘records. Continuous two-dimensional cross sections can then be constructed o
~ from the subbottom profile records without interpolation. The volume of dif- -~ -~
~ferent types of materials in the survey area can be calculated using the con-

structed cross section with a high degree of accuracy. Threc-dimensional dis-
_plays of bottom and subbottom material de‘-crlprorq can b(. Cm‘lstruch.d asa
:‘Wux ulwulle aid to pw}ect e‘i‘lgli‘letl 5. : ‘

Sﬁmmary

I th(. course of th1s survcy, it was discovered that a w1de Varlety of instru-
ments can be configured to au:ompllsh many different objectives. An effec-

“tive assembly would incorporate a number of subsystems into an integrated

data management and navigation master system. Thus, several techniques
_could be applied simultaneously while performing one grid pattern search.

Not only would such an approach be cost effective, but complementary data '
‘ would y1e1d amore accurate assessment of site conditions. -

S1x typee of equlpment were survcyed for appln,ablhtv to the Corps of En-
gineers dredging program. Each was found to be appucable to varymg
degrees. Acoustic methods, however, were found to excel in terms of prov
‘capa"sluty aud 'v'Gi'SaulIfY Recent dGVELOPuu: s in Ompuu:: software ‘
technology have greatly enhanced data acquisition and interpretation proce-
- dures. Acoustic methods also readily Jend themselves to interpretations

‘based upon impedance and reflectivity of bottom an subbottom materials.
"This approach will be of direct benefit to dred ging studles because density

and material descriptors are indirect outputs — both arc related to the degree
of effort required for dredging. Addmonallv, if acoustic surveys were -
,;employed prior to dredging, optimum channel center lines could be belected

to minimize rock removal therebv minimizing pro]ect costs

Methocls using the principles of elegtromagnehcs and electncal currents .

may well complement the acoustic techniques when further developed. Mag-
netometers will provide information related to dredgmg hazards and %
prec.ence of cultural resources. - :

' Techﬁical Note DRP-’Z-QS (Deccmf’er 1991)



