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MOBILE BAY TURBIDITY PLUME STUDY

REPRODUCIBILITY OF THE
PROBLEMS: ORIGINAL PAGE IS POOR

The instrument package has continued to be only marginally reliable and
consequently it has been difficult to obtain a significant mumber of data
points when weather; vessels, personnel, instrumentation and a satellite were

all present and functioning up to specifications.

ACCOMPLISHMENTS:

Introduction: The effect of suspended particulate material upon the
appearance of water is all too obvious, but those quantitative parameters
contributing to the optical characteristics are neither easily measured, nor
are they readily converted to a meuningful descriptor of the water's appearance.

4

his suljective judgement as to the water's clarity is commonly referred to as

‘rurbidity”, a term now unpopular with the research community but adhered to
lo_marically by the enforcement agencies.

purpose of this study has been to seek quantitative correlations

beiwesn remotely-sensed image density (Land-Sat A§Bj, optical sea-truth duta

and actual sediment load. It has been assumed that, if adequate calibrating

factors could be established, a review of the existing Land-Sat (ERTS) imagery

could be compared with the available information on the driving forces of the

suspended load and from that a projection of annual input/output ratios secemed

Rt

casible within limits. This goal obviou

Vi

ly required a semi-quantitative
identification of those driving forces, as well as the calibration factors.
< 3
Approach: The study has besn divided into two parts, laboratory and field
ol LIRS :
exercises. There has been un attennt to cress-chack procedures and results

pursued concurrently.

betveen the v phases,  Specific subdivisions have also developed and being 1
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LABORATORY STUDIES:

A statistically reliable correlation between suspended load (mg/l)

determined gravimetrically ard optical characteristics (%T) as transmissivity
can be achieved. The substitution of "optical mg/l" for the actual suspended
icad is purely pragmatic. The time required and dubious accuracy of routine
gravimetric determinations in salt water is unacceptable in a program which
must achieve a reasonable data base for a large area, in this case over

500 mi%. The towed field rransmissomator seems to provide the speed and an
acceptable accuracy, if not operational reliability.

Calibration of the unit was carried out by suspending preweighed quantities
of kaolin (Fisher #75185) in a tank containing the transmissometer sensor in
distilled water. Temperature and salinity effects on the unit were also tested
during the calibration period (Appendix 1). The resulting kaolin-calibration
curve is presented in Figure 1.

Attempts to get a satisfactory natural sediment load curve have been less

than satisfactory. An artificial reduction of a heavy suspended load pumped

into a large tank was attempted by dilution with fresh water. Unfortunately,
the poor optical quality of Pauphin Island water would not alicw the development
of the lower half of the curve. An attempt on a smaller scale utilizing dis-
tilled water is planned.

Introduction of preweighed bottom sediment was unsatisfactory due to a
large percentage of sand which would not normally be suspended in the water

column. The use of random field dati have usually yieldel an unacceptable

i o il o R il

scatter of points (variability) and has been avoided to date.

b yliogly

FIELD STUDIES-TRANSECT STUDIES:

Two standard transects (Figure 2) have been established to provide

monitoring mode and data for the dynawics analysis componsnt of the
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FIGURE 1 - Calibration curve of Hydro Products 612§
transaissometer utilizing a 10 en path
Tength and prewsighed amounts of kaolin.
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FIGURE 2 - Time series station and transect locations.
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The physical history of the system has been developed at least in terms of
the environmental parameters of wind stress, recent and imnedidate, and tidal
currents, velocity and direction. The hydraulic head produced by local and
resional rainfall/runoff is assumed to play a role, but insufficient data has
cesulted in an unsatisfying lack of correlation. ‘The appropriate historical
uvata are prasented in Table 1. Wind data (velocity and direction) were obtained
from the archived data of the Dauphin I[sland Sea Lab Climate Station while tidal
information was computed from the National Ocean Survey Tide Tables.

In order to provide calibrating sea-truth data to the satellite images,
two extended cruises were employed to provide the greatest possible range of

Lvansmissivities/spectral densities. By crossing the apparent boundary of the

orishore plum.  the largest gradient could be obtained in the shortest period

of time. Tha sca-truth contours of traniaissivit)y from the November 16, 1973

: r

cruise are presented for two different tidal phases, falling (Figqure 3) and

rizing (rigure 4). The data clearly demanstrate the speed of change aad move-

mant of the optical plume,

i 1 The transmissivity data trom Transect 1[I (Figure 3) are of intarest

% principally becaus2 they reflect the rate of settiing which is evident within
24 hours. The tidal state was similar for both days and no new wind stress
intervened batween the sampling periods.

Transect [ (Tigure 6] clicurly indicates the water {low pattern uassociated
it the mouth of Mohiie Ruy in which relatively clear Gulf of Maxice water
caters tie bay on th2 eastern side.. fh2 iigher sediment load of the iort Gaines

(ve tern) side of the bay entrance may b2 a Tunction of the shallower water.

~iar the veportine pariods the maxipem tidal current velocities weve associated
th the incoming tide (Taele L) ard the Crictional component will catrain scne
b7 the sediment depending upon tihe cneouy content of the system, Cuviously, the
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FIGIRE 3 - % light transmission valuz surface centours,
falling tide, Novemhar 16, 1975.




AL o M

|

TP TN

L it
L O s Bl o ol : 7 e

*46

49
30
.50 45

So ___—_—30 —

*52 /’-M:B\“-E BONT

* 354

® Sand Island Lighthouse
*36

\/so
*64
\/65
[ ]
68 TIME : 0430-0700

TIDE: Neor Sigek Low
0 70

1Y OF 1l
REPRODUCIBLLI
ORIGINAL PAGE 18 POOR



_° o N A A——— - ) - e
.
b ]
'
TP v s ,. T . 3
FIGUNE - Li "t transmiss:oa value surfaco ATOUrS
Plgis “ida, Yoo o mer L4, i07S

Ll




*358

€0

@ Water Tows?

DAUPHIN ISLAND

65

*68 MOBILE POWNT

70
*68

75\/
[Q

75

® Sand Islond Lighthouse

3 ' 85 °77
IN—
: 95

TIME: 0830-1100
TIDE: Rising

= MTRE
¥
G “}[YY Opwﬁ
REEY “()DU GE 1®
ORRIE




FIGUaw 5 - Transmissivity values along Transect II.
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closer the surface is to this region of entrainment, the higher the surface
suspended load recorded. The negative peak (6/25) is associated with the ship
chinnel spoil bank. The reverse is true of the falling tide in vhich the values
are generally lower all the way across the transect with a transmissivity max-
imum usually associated with the deep ship channel. Secondly, the lowest values
(7/50) were associated with maximum wiad >tress on the sampling day; the next
lowest (9/25) with maximum wind during the two days prior to sampling. This
sample did have a much higher tidal current velocity than either of ths other
two falling tide samples. The third (10/3) had the least wind stress history,
low tidal current velocity and highest transmissivity values. The comparison

of these three ebb tide sampies seems te confirm the relative importanca of

By

‘he resuspension process.

~

iind stress as i driving force in

TIME SERIES STUDIES:

When time permits, anchor stations occupied continuously ovar a complete
tidal cycle (25-28 hours] proviic the most thorough Jdata base from which to
@ interactions of wind und tide. Again, the snvircnmenta! history
of the system is summarized in Tuble 2. PRoutinsly, stations have been occupie
on either side of tha mouth of the bay (Figura 2) and the vartical water column

analyzed regularly.

Cuiring the summear, the rogular failure of th= transmisscmeter Forcad the
us2 of gravimerric procedurss to establish sedimant load at predet>imined
points in the tidal cycle. Gravimetric analysis {(mg/)l) was carried out on

samples taken at high tide, low tidz and jevieds of waxivum current velo:city

during Fflood and ebb tide. The results of Tive stotivns ace Jound in <isuraes

7-10. ‘lhe Marca 21 samples (Figure 7) exkibits the charactecistic pattern,
Al
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FIGURE 7 - Suspended particulate values ovver a single
tidal cycle (time of day based or 24-hour
day) at Fort Morgan and Fort Gaines anchor

tation March 21.
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The maximum suspended load is normally associated with the low tide and
:ﬁeclines are scen with rising tide as offshore waters enter the bay. The higher
- values at Fort Morgan on April 15-16 (Figure 8) seen on the rising tide followed
~a relatively high wind stress period (Table 2). The suspanded load values showed
- the more common decline with the next rising tide.

The effect of tidal curvent entrainment can be seen in the May 27 sample
(Figure 9). The bottom water begins picking up the bottom sadiment as the velo-

city increases from slack water, while the surface values exhibit the typical

decline associated with the flooding tide.

The contrast between the May and July exercises (Figures 9§10) lies
principally in fhe absolute valuss. Figure 7 shows that the different depth
of water does not have a serious effect on yravimetric results, which appaar
quite similar fer the same day. The historical wind regime (Tuble 2) for May
and July is also very similar and contains no significant stress episodes, but
the tidal current velocities seen in July are drastically lewer. As a result

of the combination of low wind and low tidal range, the resuspending forces

o

were at a minimum and the particulate 1nad was amarkodly reduced in July.
During the Fall, thes substitution «f the ¢continuocusly racording trias-
& ) 3

missometer for the tedious gravimetric point analysis provided a more meaningful

data base for comparison (Figure 11). The same pattern of increasing clarity
with flood tide and decline with ebb is evident, but there is a dip in surface

transmissivity associated with the nmaxinum current velocity which certiinly

;
?
i"
i

reflects {n sisuw Tesuspension.

The January 27 data clearly demonscrate the immediate wind cffects. The

el il e

gradual decline in suspandad load .nd the maximue clarity asraally issociatad z

with slack high water was cut oftf by o {rontal movemenz wath sssociiatad h

winds, The combination of wind and falling *id- was slerrly svpoeraissi:

L bl U bl




FIGURE 8 - Suspended particulate vs. time of Jday over
. Fort Horgan anchor station,

24 -hour period at
April 15-16.
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FIGURE 9 - Suspendad particulats vs. tim2 of duy over
24-hour period at Fort Gaines anchor station,
May 26-27, 1975.
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E FOGURE 10 - Suspanded particulate vs. time oc day over
24-hour period at Fort lorgan anchar statjon,
July 1-2, 1975,
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FLGURE 11 - Surface transmissivity vs. time ol day
over tidal cyeias December |
January 26-27, 1576 at Port :orgin ancnor
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raising the susvende” 'oad to extremely hiuh levels and thus reducing the

transmissivity to nearly ceroc.

DENSITY SLiICING:

The Novemoer 16, 1975 field exercise «id have all the ingredients of

racent and immsdiate weather; operational instrumentation, vessels and por-

;onnei; and a convenient satellite (Land-Sat B) to produce an image suitable
for sea-truth calibrationy:

Positive transparencies in the MSS-4 and !SS-5 bands were subjected to
density slicing analysis at the National Space Technology Laboratory (ERCS
center) at Bay St. Louis, Mississippi.

Cclor assiinments were mads ir a wanned vwiich zilowed an analysis of
tue rangs of sco-tuth vajuss established. It is possible to CKCZJyQLJCU to

thias2 regions tur which sea-truth was not availabice If an assumprizn of a

reasondbly unjform yradieat 1s zcceptable. [he results are presortad in
Ttz 5.
It will b2 possibla to determine the arex of 2 wiven suspended load range

.
i

by color analysis, but the analyzer w=2s not functioninz properly during the

v

initial phase and the work has not been completed.

SUMMARY DISCUSS1ON:

The comnlex interactions of all the nhuses oI matter are mor> than
alzguately obvious in this study of wind, wat2r and sediaent, A thovouzh quan-
titative understanding of the processes iavolvad will veauire multi-variate
aniil@sis but th» fortuitous mix of experimental circumstances in this study

it provided cliear indications of Lhae reluatiznships betwesn the olvacivo




‘able 3. Relationships of suspended load (kaolin) to transmiszsivity
(10 cm path length) colors assigned by density slicing and
turbilimetric units (Formazin Turbidity Units).

ma/l 5T Assigned Color FTU
0 93 Yellow (>90) 4.8

E 5 31 Orange (30-90) 6.8
10 70 Green (65-80) 8.5

15 57 Vielet (55-65) 13.0

21 15 Cvon (45-55) 16.0
5 33 Blus (=437
50 21 Blue (-45)
35 ) Bluz (-45)
40 0 Blus (- 43)




The suspension of a solid in wiuter allows the use of some concepts and
terminology more fumiliar t: colloid chenistiy thun hydrology but the znalogies
are clearly drawn and thus neaningful. ‘The stability of co!loidal systens are
dependent upon th2 total cnergy balance and upon the priov physical trestment
Mysteresis) of the system. This is equally true of natural "turbid" woter
systems as demonstrated in this project.

Wind and tidal movement represent the readily monitored energy inputs to
the system while the nydraulic thrust of riverine flow presumably plays a role
of undefined magnitude. On the other hand, the rivers do represent the prin-
cipal source of sediment which then becomes exposed to thie resuspansion forces
¢ wind and tide in the estuarine system. The data wounld scea to sreclude tho
rossibility of any sicnificant traasvort of sadiimens Jroa the oa2q (alf of
Maxico into Mebile Bay.

Tidal current velocities near or in excess of tuo Lnots wpn2ac to he

; offoctive inducing high levels of rosuspansion within the study ar=as poar
i
tie mouth of the bay, but with nearly equal valocitics of hoth ebh and {low
i tiu2s it seams likely that significant ciutwdrd transport 2dy be more lilsty
i
w2l conditions of muximum hydraulic hzad end/oc 4 wexioua suspended foad
§

iradient between the bay and gulf. 7The lutter situation is consistently
senerated by wind stress on the shailow »ay system.
The Juta presented here are not adaquate for strcissical analysis or Sirm
voocluslons, but it would appear thar uind stress in excoess of 13 2ot s a
it

mared Impact ou the system and winds of 20-15 knots or areater preduss 1oaxe

inum suspended sediment load. This is particularly =rue at rhe noush < the
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If a sediment concentration gradient is established at the bay mouth in
conjunction with a reasonably high tidal current velocity and any hydraulic
thrust at all, a maximum offshore sediment 'plume'" will result and this is
evidant in scveral of the available images. [IXxtension of the density slicing
values from the November 16 ovarpass to 4 number of image/driving force com-
binations should allow an estimation of the sediment transport functicn for
Mobile Bay. By further analysis of the hysteresis of the system us defined
in wind and tidal records, it may be possible to produce an annual transport

valuez based entirely on climatological and tidal information.

PROJECTIONS/R ZCOMMENDATIONS :

he hypothesis presentad abowe nust be nodified in the cold, hard light of

A rie fncee t i ot - - 2 (> £ Vianhs e v - . - 1
CowmdMber analysis and toe meihewatical model of Mobile Day. 1t wust also be
tested further Jrom the wouth of che Bay where the tidal eriects may be reduced

and/or aiffacted by the riverine dymamics.




Appendix I

THE EFFECT OF PYCNOCUINE-INDUCED SCHLIEREN
ON BEAM TRANSMISSOMETRY

Y

George F. Crozier
University of Alebama in %Uirminghan

Stevens R. Heath
University of Alabama, University
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Dauphin Island Sea L2b
Dauphin Island, Alabana 36528 USA



INTRODUCTION: -~
The use of beam transmissometers as field "turbidimeters"
in estuarin; and nearshore systems is becoming more common
(McCarthy et.al., 19Th; Dreke, 19713 Ludwick and Melchor, 1972)
due in part to their simplicity and cost-effectiveness in estab-
lishing an adequate data base within a reasonable time frame. By
cautious use of calibration curves and acceptance of certain
assumptions concerning the quality of the particulate system,
useful quantitation values of "optical mg/1" (Griffin, 197L) may
be obtained. Attempts are currently being made to correlate a
variety of optical sea truth deta with measurements made via
remote sensing imagery (Crozier and Heath, 1976; Klemas, et.al.,
1973). Drake (197)) demonstreted an occasional apparent relation-
ship between temperature gradiants of 0.1°C and accumulations
of particulate matter as indicated by reduced light transmission.
His data indicate that a density change, such as that associated
with & thermocline, can constitute an effective boundary limiting
the dispersion of the suspended particulate material. Heathershaw
end Simpson (1974) reported both positive and negative changes in
light transmission associated with fine temperature structure in
the water colunmn.
During a series of studies within the "turbidity plume"
of Mobile Bay, a unique, highly variable signal was recorded in
association with the mixing zone between upper boy waters and
the underlying szltwater "vedge". 1t seemed possible that this
irregularity might be due to the Schlieren patterrs familiar to

nost divers as a visual distortion noted while passing through
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either a halocline or thermocline. This study represents an

effort to demonstrate the impact of these Schlieren on light

beams under more controlled conditions in the laboratory.

MATERIALS AND METHODS:

The sensor of a Hydroproducts 6125 beam transmissometer was
submerged in 27 liters of distilled water containing enough kaolin
to produce a meter reading of 53% transmission. The kaolin was
kept in homogeneous suspension by means of a circulating pump
and intermittent stirrins to prevent "dead spaces" from developing.

Temperature and conductivity were monitored throughout by
a Hydrolab Corporation model number 6D Water OQuality Surveyor.
Artificial sea water was prepared from Instunt Ccean Sea Salts.

Waters of equal "turbidity" (53% T) but different conduc-
tivities (Table 1) and temperatures wes siphoned directly into
the sensor chamber to create the Schlieren. Preliminary trials
using distilled water indicated that this method of introduction
had no effect on sensor response. Both large and small salinity
gradients (Cilcb) were tested (Table 1). DNone of the values are
unrealistic for the local estuarine system. Samples of tempera-
tures above and below ambient were also tested. In those instances,
the salinity and suspended load were kept identical to the condi-
tions in the aquarium holding the initial 27 liters.

Throughout the procedure, the percentage of light transuitted
accross & 1l0cm patu length was monitored on a laboratory strip-

chart recorder.
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RESULTS AND DISCUSSION: -~

With the aquarium water at 7.5 nmhos/cm z2ddition of one
liter of water at L9.5 mmhos/cm reduced the transmissivity from
53% to 23% (Table 1, Figure 1). Upon completion of mixing, the
transmissivity returned to 53%. A background conductivity of
9.2 mmhos/cm resulted. When a liter of water at 29.0 mmhos/cm
was added (Table 1), the transmission dropped from 535 to LL.5%
and egain returned to 53% (Figure 2).

A liter of water with a temperature of 12.0°C was added to
the aquarium with a temperature of 22.5°C. The change Zn trans-
missivity was only from 53% to 52%, and again returned to 53% T.
It‘appears that a temperature gradient sufficient to produce
the magnitude of deflection seen in the field or with selinity-
induced Schlieren would be totally unrealistic, so further test
vere not attempted.

Water movment, sensor movement, different salinities, or
temperatures Lad no effect on the light transmission character-
istiecs. As long as the suspended load was kept constant, the
addition of salt without inducing a gradient within the sensor
had no effect on the absolute # Transmission recorded.

The consistency of the system may be further inferred fronm
the correspondence of maxinum 7% T deflection ari the magnitude
of the gradient induced (C;/Cy ratios) us well as the duration
of disturbance as related tc the volunme of introduced solution

(Table 1). Ve do not suggest & ocurntitative relutionship, only

that it seems logicul in light of the hy p('UQSL:-:m.U\_,lBUHY OF THE

DRISMIAL PACE
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Anyone familiar with equecus or atmospueric (heat waves)
Schlieren will acknowledge the dynamic nature of +the visual
disturbance and no effort has been made to quuntitate this
phenomenon. We assume that the rapid and complex shifting of
the refractive index within the Schlieren may be capable of
disrupting and deflectng some percentage of the light bealw
reaching the photo cell, thus the reduced transmission values.
This suggesticn may be far too simplistic and does not seem to
explain the positive changes reported by Heathershaw and Simpson
(197L4) with regard to small temperature gradients.

This phenomenon can be a source of error tc those indivi-
dunls using a beam transmissoneter tc obtain duta concerned
with the vertical distribution of suspended particulate in
estuarine systems. Particles certainly do accurrulate at these
den.ity boundaries (Meade et.al., 1975) but it would be difficult
to obtain reliable optical quatitation of the susperded load
in a system where a significant pycnocline exists.

On the other hand, the trace recorded from the suspected
Schlieren is intriguingly uvnique and it may in fact be possible
to chart the areal and vertical distribution of salt or fresh
waters by tracking the mixing zZone itself and losgging its depth.
Wneother the Schlieren actually provide an adeguate signature of
this boundary is unknown at this time, but the freguency of

o-currence in cur experience mukes it seen possible.

OoF THB
UcIB pPOOR
“‘?‘PF}?;D A1, PAGE 15
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