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‘Evaluation of New F1 uid
F1e1d Sltes o

- Purpose

This tu_hmull note preqentq an mtermedlate evaluation of a fluid mud
‘survey system with respect to opcrability, practicability, and repeatability
bascd on ficld tests conducted at Calcasieu River, Louisiana; Sabine River, . o .
'~ Texas; and Gulfport Harbor, Mississippi, entrance channels from 1989 to G

1991, Also included are the conceptuai and mechanical design of the =
towed sled and a aescnptlon of the fluid mud survey system components.‘ ‘

Background S e . e e B

A mzuor 0b1ect1ve of work umt Me‘murement and Deflmtum of Nav;ga— 1

- ble Depth in Fluff and Fluid Mud in the Dredging Research Program'’s \
(DRP) Technical Area 2 is developing a survey y tool to determine navigable |
depth in areas where fluid mud obscures the bottom to conventional acous- |

- tic methods such as the Fathometer. The potential benefits of a more pre- \
cise determination of mud bottom depth include improved efficiency in = = |
maintenance operations through better definition of what areas actually re- ]
quire or have been dredged dredging priorities, and scheduling. |

-
< o .
E 8 A towed sIed. device has been deelgned constructed, and tested to con-
T - duct naVIgaDLe depth surveymg The towed sled explmts the shear resis- -~
= &‘: &  tance of the in situ material to determine nav1game depth, a new approacn
E Q% . for a tfowed device. Devices that measure density have been used in Euro-
‘ ',<_ -3 pean harbors to reduce maintenance costs where fluid mud causes spo-
‘» m : : ' r‘:diﬂ k‘\eﬁ!vn'r shoa NG Tha de nvl lenr'l- wa far tho MIRDP fllnA 11 crivvoy
’ & ) AL N e Uulutbv L,l»l.\- B L/JL-\-:I- ¥ A AL LifL AU\ A%4184 luu oL Vc-]
L& 5 S - - system that includes a towed sled is a simple, rapzd, and practical survey
, g - © tool that will likewise reduce maintenance costs in Carps-mamtamﬂd navi-
& : - gation channels. ' ‘
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: Additi-'enal Inferfnaﬁon‘

' Conta<.l the author, Mr Allen M. Teeter (601) 634- 2820, or the manager
-of the Dredgmg Reqearch Program, Mr E. Clark McNair, ]r., (601) ‘
634- 2070 h ‘

'Fluid mud forms gradients at the bottom of navigation channels with
‘gradual or stepwise changes in den51ty occurrmg verhcauy over many
feet. Fn,uu mud is a 1b(0eldbuL material navutg a ugu:,u._y um‘wu T

e in viscosity with density d..pend on t*m compositien of the | Lid |
| mud and. other conditions, and must be evaluated for specific locations as
later. Transition densities establish reference points for compar-

. ing f;ed ments and develomng appropriate density crlter1a.

: Deflmtwnb of nawgable depth will be babed on demJtV (a readlly flt‘ld-

. measurable physical property) corresponding to a viscosity and shear mod

- ulus (not field meaqurable) near the transition point for a local site. This

- is a conservative starting point for the development of a navigability crite-

. rion, subject to local ad]ustment The navigable depth concept and im- :

~ plementation were described in Dredging Research, Volume DRP-91-4
{"Navigable Depth Concepte, for Channelb with Fine-G ramed Sedlment”).

. The -approach taken for the rapid aetermmatlon of nav1game deptn was

1o design a towed device to ride automnatically at the level appropriate to
a ul{‘»‘v'mg, leadline. The concept was to fur uw into fluid mud to the
depth being defined as navigable. The towed sled would make physical
contact with the fluid mud and serve as prima facie evidence to the navi-
gability of the material. This concept assumes the existence of a phvmml
horizon or level ‘where resistance to motion { gnd_ 11-_1_1!10';1!_1@113 increases
sharply, and thus where the combination of viscous and normal stresses
‘in the mud “support” the towed device. The assumntlon has since been
confirmed by laboratorv tests and relationships developed between

‘ rheologlc propertxes and density for several S1tes, as will be descnbed later. .

The behanor of an ob]ect towed i in fluid mud depends on the character— _
istics of the object and cable, the manner in which it is towed, and the
fluid mud characteristics.  The mechanical system (towed object and cable)
has horizontal and vertical forces distributed along its length that are de-
P pendent upon the component submerged weight and drag. The catenary
- formed by the cable between the survey boat and towed object can be cal-

culated for known forces since cable drag forces can be estimated with
confidence. uuvvever, precise calculation of the drag force on a towed ob-

“jeet in fluid mud is not possible by the present state-of-the-art. The
sUrvey med was designed with body characterist iﬁs such thet it exerts a
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S

moderate vertical force at normal tow angles and is supported by the
fluid mud at a level tow attitude. ‘As the sled is towed in fluid mud, the
sled tow (bridle) angle is an indicator of relative drag. -

| : Design Summary

~ Figure 1 is a schematic of the sled. The static weight of the sled is |

~ about 260 Ib iii air and 60 lb in water. The frontal (or bow) area of the
sled is about 1 sq ft, and the top-view projected arca is about 12 sq ft. -

~ The volume of the sled is about 3 cu ft. SR : U

The steel-armored tow cable has a diameter of 0.9 in. with a submerged
‘weight of 0.7 b per ft. The cable termination is 4 in. outside diameter :
- (OD) by 2 ft long and has a submerged weight of about 40 Ib. The ten-
sion link and tow angle indicator are located on the termination. The dis-
tance between the cable termination and sled bridle is 1.3 ft. The bridle
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Figure 1. Scherﬁatic of the towed sled
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cross pmu is l 3-in. OD xtdmless steel, and the (‘db]e cunductor sphce is 4
in. UD o ’

“The tow cable is led over a 36-in.-diam block to an dui’fu in dmuhc ‘ ;
‘winch, The 5-hp winch is equipped with a slip ring cable conductor 1 0~
“connection and has the capability for computer control. A safety feature -~

on the winch allows the cable to pay out after a 2,500-1b ab e load i
.‘ exgeeded.. ' o o

'

Tramdurers are mounted_ in‘or on the sled. A nu.r:lpar transmmqmn dPn- '
- sity gage uses a 3-millicurie, cesium-137 gamma source. A hydrostatic
preb‘-ure gage measures depth. An acoustic doppler unit is used to indi-
cale sled speed. One tilt sensor is mounted to measure sled attitude
(angle of attack), and another tilt sensor is mounted on the bridle to mea-
" sure tow anble (or cable tow angle). A strain gage between the cable ter-
~ mination and tow bridle monitors cable tension.  As a precaution, an
acoustic transponder beacon is mounted in Lase of acc1dental sled separa-
~ tion from the cable :

Onboard the survey boat ﬁuld mud survey system t_omponents 1nc1uc1e
anaiog—to—algnal converters, power supply, density gage ratemeter, data N S
iogger, and real-time data meplay‘ for momtormg, sled conditions during -~ - 7
sarv'eymg Time plots (‘u all the data from the sled sensors (in Lﬁguu.u-l Yoo ‘ o
‘ing units), together with the acoustic depths, are available for evaluation
~within minutes. A small boat survey system developed at the Waterways
~ Experiment Station was ;mplemented for s ,"rve). con+r01 and postprocess-
ing. The survey system software runs in parallel with the sled data log-
ger on a personal comnuter (TBM-PC compatible), and controls the survey
‘process on a Dredefmed grid. Posmomnz data are supplicd to the system - ==
by a Motorola Mini-Ranger Falcon IV. Data for the sled depth, fluid mud R
density, and depths measured with high- and Iow—frequencv acoustics are =~
exported from the sled data logger to the survey system data logger after
" the survey. During postprocessing, corrections are made for the tide and -
for trailback of the sled from the survey boat position. Cross and longitu-

_ dinal section and plan—v:ew plots can be generated, and dredging or fill
volume computatlons can be made based on survey depthe and channel
grade. :

r

General Fleld Test Results

‘Before field_ tmting thP f-‘-led was ballasted_ in a largP lLvh-velouty fh---
at Towa Institute of Hydraulic Research. No further ballast adjustments
“have been necessary. The first field trials were at the Calcasmu River, Lou- ‘ ‘
. isiana, entrance channel in 1989. The channel center line was surveyed .
“from channel markers 37 to 41 in a thick layer of fluid mud (8- to 13-ft o v
. difference between 200 and 24-kHz depth traces). The same line was re-
pcatcd with variations in survey boat speed and length of cable payed
out. Although the recorded depth along this line varied somewhat from
~one run to anothcr, the recorded denslty and the overall mean depth

‘ Technical Note DRP-2-05 (Novernber 1992) o




1 =4
- sled. Limited variations in cable length are taken up by change
' bridle angle, which allows for about 2 ft of vprtzc_l chan

tween the slcd nd the end of the tow cable. -

" have encountered consolidated sediments with de S!.t'es of

" in localized areas at Gulfport where the cross section was markedl
’ asymmetrlc A

. alonz the line repeated wcll T hus the QIed (without ad]ustmcnt) was
found to track in a narrow range of mud denbxty along a channel while
“the sled depth varied. Information from the survey and from analysis of

samples indicated that the sled followed a physical horizon related to

- quasi-constant sediment density and viscous characteristics and that the .
fluid mud horizon tracked by the sled was not greatly affected by moder— ‘

ate changes in boat bpeed or cable lcngth

The initial rcsults supported the demgn concept Because the arag ofa

. towed on]ect depends upon the square of the tow sPeed \rougnly), it

! mlgnt pe ant1c1pated that boat speed may greatly influence the level of the
- sled. The sled d ucpm is relatively insensitive to boat speed bec
1

cause the
sled is constrained at the level where stresses m the mud su port the
C 2 in tow

AL &

nge in depth be-

Channel debrxs dxd not lmpede towing. Durmz surveys, the sled was

: jhfted to the water surface for mspectlon  after each 2,000- to 6, 000-ft longi--
‘tudinal line. Frequentlv snagged pieces of seaweed, fishing line, and §

other debris weré found, but nothing to change the towing « characteristics

~ of the sled appreciably.” Heavy sediment material that might have af- -

fected towing behavior only attached when the sled encountered dense
cohesive material. This only occurred outside the nav1gat10n channel dur-

[mg cross-section surveymg of the channel

‘The sled has been used to burvey channel cross sections at Guirport

’ Mlssmmppl, and Caicasieu, Lou1sxana, entrance channels. I‘romem:, were -
: experlencea on tne upblope side of the channel cross section
“sled {probably led by the cable) encountered dense, stiff ma'terial. During
* one cross-section run, the cable tension safety load limit wa

wsrla [PL Y
WICH e

[=]

cable was automatically payed out. Upon retrieval, the sled wa
™
ments with den 2

per cu cm. - The side slopes of these channels were quite ste ep, especially

Some portmns of the sled cross sections vaned from the hlgh—frequency
trace near the toe of the channel side slopes. In those cases the sled ap-

- peared to initially ride too high in the mud at the toe of the downslope.

Conversely, at the toe of the upslope, the sled tended to ride too low.

“These effects can be minimized with careful coordination between and han-

dling by the boat and winch operators. Some sled cross sections pro-

‘duced exceéllent data. However, results discussed in tne Iouowmg para-
' graphs are based on Iongnudmal survey lines. .

* Technical Note DRP-2-05 (November 1992)
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- _"EValuati‘ons of Repeatébility

. A good measurement tcchmq_ue ahould be both accurate and repeatablc
- Fluid mud survey system repeatability was gauged during surveys of
Calcasieu, Sabine, and Gulfport channels by surveying sites multiple times
* over several daya Towed sled depth repeatabxhty can bc gauged in sev-
eral ways using these data :

. One way to assess depth repeatabﬂlty of the ﬂuld mud survey system
'is to compare multiple computed channel fill volumes obtained for a sur-
ey site. For example, the Gulfport channel site'was surveyed three times

- from April to May 1991. Mean and standard deviations were calculated

- using the three sets of tide-corrected fill volumes. A coefficient of varia-

tion was calculated as the standard deviation d1v1ded by the mean.

| ;Table 1 summarizes these results, ‘ ‘

'Table 1 -Volume Comparisoﬁ of Three‘ Gulfp'ovr_t\ Surveys "

ngh-Frequency Low-Frequén‘cy‘

N ‘Sled ' (200kHz) © (24 kHz)
‘Standard dev1at10n | S 6,000 e i. 1500 6,700
Coefficientof . 0093 - 0016 0300
. variation B ' . AT T o
Rangé ofresults, 13000 2700 0 13300

The sled results were more repeatable (smaller standard devmtmn) than
- the low-frequency acoustic results, but less repeatable (larger standard

~deviation) than the high-frequency results. A problem with survey site

- comparisons was caused by the relatively steep slopes close to the toe in
“this channel. Variation in boat position along the toe survey lines created
large sled depth differences between surveys that translated into volume
- differences. Variations were smaller for the high-frequency acoustic ‘
- method because depths so measured were more uniform across the chan-
‘nel than those measured by the other methods. The 200-kHz acoustic re-
~ - flections came from suspension layers with densities on the order of 1.05
'8 per cu cm, and these layers apparenﬂy have level upper surfaces

‘ Another way to assess sled depth repeatability is to examine how well
Lchannel depth features were repeated between surveys. This is' most eas-
ily done using individual survey lines. Figures 2 and 3 show survey line
comparisons for Gulfport and Sabine surveys. These figures show that
the sled was able to reproduce distinct depth features, especially at Gulf-

- port where cutterhead dredging left the channel more sculptured. Fea-
- tures w1th charactenstlc dunens:ons of from 50 ft to seve_ral hundred feet

Technical Note DRP-2-05 (November 1992) -



, survey bectlon une taken with the t()W’Lu sled and with a si
evice that was develup-.-.d to tes

can be dxqtmgumhod in Figure 2. Fxgurc

bhows very little sculpturmg in

the case of hopper-dredged Sabine Chanmel, and good depth repeatabﬂltv
- Was obtamed under these conditions also.

: Qtlll another way to assess repeatablhty of the towed sled method is to
- compare depths obtained by two different towed devices. This compari-
-son actually tests whether the measurements are instrument aependent a
'more strict measure of repeatability. Plgure 4 shows a comparison of a

m puut..d LOVthd

certain deagu‘chractcmbc—, The simp Lfied towed body is much smaller
than the sled and is towed with a lightweight cable fitted with a hydrody-
namic depressor about midway along its length. Figure 4 shows a com-
parison of time plots covering the same channel survey lme. The depths
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" obtained by low- and high-frequency acoustics did not repeat very well
" during portions of the first one-third of the data. The repeatability of the
- sled and the simplified towed body were very good over the remainder of
the survey line. - Although the two devices are physically not that similar,
‘the consistency of the two very different devices lends strong support for

~ the conceptual approach.

‘The measurements were not strongly

. towed body (bottom
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m%trumcnt dependent because of thc equtcnce of a dlstmct fluid mud horl—
zon and related semment _properties. : -

he towed sled also was deter-

‘ ity (grams per cubic cemu‘neter) statistics for
twc- surveys ea ch a! Calcasieu and Guliport. ~ ‘
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: Téble 2. Dé‘n:sities for Two Surveys Each at CalCaSieiJ and Gulfport

Denmfv g pe: cuem

'''' e

Calcas:eu Channel Site

_ o June 1901 November 1991
Mean s 1208
© Median .12 . 1208
Quartiles® 1.169,1210 11188,1.223

Guifport Channel Site

CApril1991  May1991

‘Mean . 1154 : 114
Medion 115 1141
 Quartiles* 1.147,1.163 1.133,1.148

*Quartiles are the 25 and 75 percentile values.

The data from Ta‘nie 2 indicate that the sled rides at a fairly consistent
- density level for a given survey and site and that there was a distinct dif-
“ference in sled-depth uemit-“ between Calcasieu and Gulfport chanmels.
Some variations might be expected for a given site at different times as,

. ,
fcr example, fl ':d mud vxgwm y is temperature dependent.

B T Az L2ath

' Detérmining ,.icr:,ble dnnfh criteria is another aspect of the research
undertaken by this work umt tholomcal testin
subject of a qubbequent technical note. Figure 5 shows an exarnv]e com-

: parmon of viscosities measured at a shear rate of 0.6 recxproca] second (or

~second’!) for two channels. Trend lines were computed using a locally
weighted smoothing function. The data indicate that the sled surveyed a
level of equal fluid mud shear resistance in both cases, though there is ap-
preciable scatter in the data and the intercept of the trend lines with sur-
vey densities at exactly the same low-shear viscosity is probably coinciden-
tal. Less dramatic variation in density between sites over the same chan-

- nel reflects variations in fluid mud shear re31stance at the level of the '

- tGWcu sled.

Technical Note DRP-2-05 (November 1992)



10

- . sieooenstty | |
» ‘ E LED DE o

20
2l

R & 0
VISCOSITY GULFPORT

CEI?EQIGN '; <

10

TCaLcasiey
¥

. LOW-SHEAR VISCOSITY. PA-SEC
15
1

“"Deter‘minatibh of Channel Grade

In 1991 prcdrcdzmz and postdrcdzme; surveys were verformed that
demonstrated the utility of the fluid mud survey system in defmmg navi-
gable depth and channel grade. Problems associated with conventional

-acoustic surveys in fluid mud channelb also were made apparent. A se-
. ries of longitudinal survey lines were established over a 6,000-ft-long
- reach of the Calcasieu channel containing fluid mud. This site was sur-
: ‘veyed in June 1991 and again in late November 1991, 1mmed1ately follow-
" ing completion of mamtenance dredgmg by hopper dred, ge

A sample of centerline profxle data is shown in mgure 6. Both pre-

- dredging and pobtureagmg 24-kHz frequency Fathometer depth blgl’lalb.

L'I...

\Pr:uet“al.r.'u the fluid mud 1 layers to -45 ft mean low gulc (mlg) datum, well
below the authorized project u._ylh The predredging 200-kHz frequ ency
"
u

survey was abo

t -36 ft mlg, and 2 to 4 ft shallower than the towed sled
survey. The postdredging 200-kHz surveys alsc were shallower than the -

. fowed sled surveys. Figure 6 shows that cven Lho postdredging 200-kHz
‘proflles did not 1nd1cate that the ch'mnel was navmable to the authonzcd
‘ fjdcpth of -42 ft mlg.

The acoustic data sets revealcd that thc 24-kl-lz frcquency mav not have

- indicated necessary material for maintenance dredging and, thus, overesti- -
mated navigable depth. The 200-kH~. acoustics did not always determme ‘
. :whether eufflr:lent materlal was rcmovcd by drcdgmg, nor did it - L

Technical Note DRP-2-05 (November 1992)
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- accurately estimate maintenance volumes required to kecp fluid mud chan-
~nels navigable. Lo ’ S R

Maintenance operations along the profiled section of the Calcasieu chan-
~nel includes the provision for 1 to 2 ft of advance maintenance, Figure 7
‘shows the towed sled survey along the same profile line shown in Figure
6. ‘According to the sléd data, the channel was decpened from -38 to -43
' ift mlg.” This depth information was collected along density levels of 1.19
" t0 1.21 g per cu cm as previously described. The towed sled was the only
survey method used which accurately gaged the amount of material to be
~dredged or which indicated that the required material was actually re-
- moved by dredging. The sled will provide vastly improved capabilities to
. determine channel grade in areas of fluid mud. ' e

| “;S‘hip :Ef‘fé'cts on Fluid Mud |

Occasionally during field surveys, a deep-draft vessel would pass
- ‘through the channel and resuspend mud, and anecdotal information on -
- the level of navigable depth was obtained from these events. One'such
- passage occurred in the Calcasieu channel in June 1991 before mainte- = -
" nance dredging. The ship sailed through the site near the center line of

~ the channel, and the captain reported the MV Star Baltic was drawing 37 -

- feet of draft. Corrected for tide, the still-water draft was to -34.5 ft mlg. .
Less than 1/2 hr later, the center line profile line was surveyed. The high- .
frequency acoustic signal returned a “split” or dual trace. The passage of .
‘the ship had disturbed the more fluid portion of the channel mud and
formed a 2-ft-thick layer of material so light that the 200-kHz signal re-
flected from both its upper and lower interfaces. The ship passage had
“fluffed” the upper layers of fluid mud to -35 ft mlg according to the -

" Technical Note DRP-2-05 (November 1992) : N N
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200 kHz acoustic return, w1th another return from -37 ft mlg indicating
~the deepest level of vessel disturbance. The 200-kHz depth ¢ “profiles out-
side the vessel’s path were -36 ft mlg. The sled indicated navrgable depth
‘at -38 ft mlg, 1 ft below the level of vessel disturbance and 3.5 ft below
- the level of the vessel’s keel. The density 1 ft above sled level was not de-
~ termined precisely, but was estimated at “about 1.15 g per cu cm (or about
~the transition point shown in Figure 5 for Calcasieu sediments). This indi- =
- cated that the deepest level of ship disturbance (de facto navigable) was
‘about 0.04 g per cu cm less dense than the navigable depth value of 1.19
B per cu cm determmcd by the towed sled. .

“Evaluation Summary and COnclusions"

A towed sled has been develoved th.a_t will track ona n_avwable denth
at a constant fluid mud shear reqxetance that is, at about a constant den—
sity for a given channel. It can be used as part of a fluid mud survey sys-
" tem to survey navigation channels at speeds of about 4 knots. Surveys '
are repeatable and relatively insensitive to operating conditions. Longitu-

- dinal section lines worked well in conjunction with towed sled surveying.
Debris in channels has not been a serious operational problem. Both the
‘ towcd sled concept and the hardware developed have proven to be sound

‘ Experlence in the frela has led to numerous refmements in hardware
software, and operating proceaures At present, the towed sled is a rela-
tively sophisticated research device, but indications are that it can’ be o
greatly simplified for production use by Corps field offices. The nuclear
" density gage being used to monitor performance during testing probably
~can be exclur!ed from the final sled configuration for most applications.
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The nav1gab1e depth survey approach will better defme channel condi-

tions and allow local Corps offices to more effectively manage and moni-

_ tor maintenance dredging operations. Acoustic depth surveys will
“continue and can be augmented by towed sled data to provide improved

information for judging navigation conditions, dredging need<;, and dredg- o

ing effectiveness in areas of ﬂmd mud
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