CHAPTER 83

PRELIMINARY RESULTS AND COMPARISON OF DYL TRACER STUDILS
CONDUCTED IN»HARDORS,’E§TUARIPS, AND
CORSTAL, WATFIS

Leo J. Fisher
Oceanographer, U. S. Naval Oceanographic Office
Washington, D. C. 20390, U. S. A.

INTRODUCTION

Dye tracer studies have been conducted by the U. S. Naval
Oceanographic Office i1n harbors, estuaries, and coastal watcrs during
the past seven years. The purpose of the studies was to obtain data
which could be used to (1) estimate the time (sometimes called the
flushing time) required to remove or reduce to permissible concentrations
the soluble part of any contaminant which may be rclcased as a point
source 1n a specific study area and (2) determine the temporal and
spatial distribution of a contaminant released in a study area. The areas
studied are listed in Table 1. Field reports (unpuhlishcd) have been
prepared which describe in detail the results of each study.

A brief description of the tracers, equipment, and sampling
techniques used, and a discussion of some of the results are presented.

GENLRAL PROCEDURLS

The general procedure consisted of releasing approximately 190
pounds of fluorcscent dye into the water as a point source and then
measuring dyc concentrations until they decreased below the threshold
of the sampling equipment. In addition to measurements of dyc con-
centration, salinity, temperature, and current, obscrvations werc made
at specific time intervals throughout the studics.

The tracers used 1n the studies were the organic dyes, f{luorcscein
and rhodarine-B. These dyes liave been uscd extensively as tracers
anc their characteristics lave teen descrited 11 detail 1y Tererstewn
and Sellect (1963).

The sarmmling syster used 1» the studics was cssentially the scac
as that developed 1y the Johns Hopkins University (Carpenter 19¢C).
The system censisted of a Turuer “lodel 11T Tluorometer coutpped vit! o
continuous flow sample commartment. The Tluororeter ard auniliary
equipmert 1ere meunted ahoard a small Toat for cortrrvers onalysis of
vater samples as the boat traversed the dye patch. Vater from sclected
depths was pumped through the [luoroneter whacl continuovsly measured
thc dye content of the water, thus »providing a compichensive record of
the temporal and spatial distribution of tge dyec.
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Aerial color photographs of the dye patch were taken at specific
time intervals after dyc release. The photographs were used 1n
conjunction with data collected by the survey vessel to determine the
arcal distrabution of the dye.

DISCUSSION OF RLSULTS

The dye tracer studies provided an estimate of the flushing time
and described the spatial and temporal distribution of the dye within
each study arca only for the specific environmental conditions which
existed at the time of the study (phase of tide, strength of current,
etc.). Although the studies were particular single case studies for
each area, comparison of the results rcvealed several facts about the
bchavior of the dyc that could be applied to other types and amounts
of contaminants rclcascd 1in the study arcas under any cnvironmental
conuitiens. Twoof the most sagnificant results will be discussed briefly.
The first concerns the observed relationship between the maximum dye
concentration and the timc elapsed after dye releasc. The plots of
the logarithm of the maximum dyc concentration versus the tiwme after
dyc releasc arc shown ir Tirures 1 throuch 5. Data collected during
the first 20-60 minutes after releasc are not shown in the plots.
These carly data arc considered unrcliable becouse of the effects of
the initial turbulence and maxing induced by the dye releasc and the
hoat moving out of the dyc patch.

The fagures slow a <siwple straight line relationshin between the
two varial'les. ‘lhercfore, the maxamwr dyc concentration at any time
after rcleasc may Fc cxrressed by the cquation®

= -n
C, =0 t
where+ Cp = maximum dye concentration
C1 = concentration at onc hour after dye recleasc
t = time after dye reclease
n = proportionality factor

The proportionality factor (n), which will be called the time
factor, is assumecd to be a constant for cach andividual study areca
for t2 1 hour after dye relcase. This assumption has been verified
for scveral of the areas where multiple tracer studies were conducted.

This rclationship between maximum dye concentration and time after
dye rcleasc provides an empirical basis for estimatang the decrease
in maxamum concentration of other types and amounts of contaminants
released in the areas studied.
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The second result concerns the relationship between areas with
similar physical characteristics and the rate of decrease in maximum
dye concentration. Equation (1) indicates that Cy ¥ t~P. The timc
factor (n) for each study area 1s listed in Table 1 and Figures 1
through 5. The study areas with similar physical characteristics (tide
range, volume currents, etc.), are grouped together. The data in the
Table and the figures show that the time factor (n) is the same for
each study area within a group. In other words, the rate of decrease
in maximum dye concentration 1s the same for areas with similar
physical characteristics.

The study arcas in Group 1 (Fagure 1) arc all small harbors with
similar volumes, small tide range, and lattle or no current within the
harbor, n = 2.5 in these areas. The areas in the second group (Figure 2)
are nearly equal in volume and are charactcrized by narrow entranccs
opening into a largcer cmbayment; n = 1.0 1n this group. In the third
group (Figure 3), both areas are large embayments and the data show
n = 2.0 for each. The fourth pgroup (Figure 4) reprecsents studies
which were conducted in relatively open coastal waters and n = 3.0 1in
cach of these studies. The fifth group (Figure 5) consists of three
rivers characterized by relatively strong tidal currents. There 1s
no general agreement of the time factors in this group probably
because of the difficulty encountercd in making accurate wcasurements
of the maximum concentration in a dyc patch that was moving rapidly
with the tidal currcnts.

This relationship hetwecn the rate of decreasc 1n maximum dye
concentration and areas with similar physical characteristics suggcsts
an analog system for predicting the decrcasc in maximum concentration
of contaminents released an other similar arcas where tracer studics
are not fcasible.

At present, data from tracer studies conducted by other organizations
are being revieved to determinc 17 the arcas studiced n111 fit into tle
preliminary classi{ication schene descriled, and to determine what nhivsical
c¢'arecteristics are conson to all the areas in a specific group. The

tracer studies reviewed to date are listed 1a Tahle 2. Tata froa o study
mace n Chesapcale Dy, a loree embayrert (Pritclard and Carnenter, 1960)
show n = 2.0 *M:¢'s arrees wit! the time factors for tle ot'er larse

enbayments listed in Group 1T1. lata obtained in dye stulies conrducted
in the sea of{ Tolair-"ura (CGlubo, et al., 1757, “anitti and OFulio, 1057)
in the sca of f Cape Caraveral (Chesapeale Pay Irstitute, 1062). and 1n

the Great Lakes (Noble, 1961) all show n = 3.0, These study arcas are
in rclatively open coastal waters and the time factors agrce with thosc
of the coastal water studics listed in Croup IV. Lowever, the timc

factor n = 2.0 computcd for a study conducted in the coastal vaters
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of the Irish Sea (Selisman, 1955) does not agree. ‘'The studies reviewed
show a gencral agrecment with the preliminary classification,

however, data from areas covering a wide range of physical characteristics
must be cxamined before a completely rcliable classification system

could be established.

CONCLUDING RLMAPKS

The studies indicate that dye tracer teclpiques are effective
for estimating the flushing time and describing the temporal and
spatial distribution of a contaminant in a specific area for the
enviromnental conditions existing at the time of the study.

Although the discussion of the results of the tracer studies
was principally subjective, the rclationships concerning the maximum
dye concentration indicate the possibility of developing a simple
method for predicting: (1) the decrease in maximum concentration of
any type or amount of contaminant relcased in the study arcas during
any envirormental conditions and (2) the decrease in maximum concentration
of a contaminant in other similar areas where tracer studies are not
feasible.

However, more widespread tracer stwmdies are nceded to determine
the validity of the classification system presented and repeated
tracer studies are needed in the same arca to detcrmine the constancy
of the time factor for a wide range of environmental conditions.
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PASCACOULA RIVLEER
BISSISSIPPI

TABLE I
SUMMARY OF TRACER STUDY DATA

LOCATION TIME FACTOR
I.  MAYPORT BASIN

JACKSONVILLE, FLORIDA 2.5

KEY WEST HARBOR

FLORIDA 2.5

PEARL HARBOR, HAWAII

(SOUTHEAST LOCII) 2.5
IT.  LONG BLACH HARBOR

CALIFORNIA 1.0

WEYMOUTH-FORE RIVLR

QUINCY, MASSACIIUSLTTS 1.0
III. GALVLSTON BAY

TEXAS 2.0

SAN DILGO BAY

CALITORNIA 2.0
IV.  NEAR BERMUDA 3.0

NEAR NEW PROVIDENCL

ISLAND, DAHAMAS 3.0
V. PISCATAOUA RIVL®

PORTS: ‘OUTIY, NEW HAJIPSIIRE 1.4

COOPFR RIVER

CUARITSTON, SOUTI® CAROLINA 2.0
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TABLE 2
TRACER STUDIES REVIEWED
LOCATION TIME FACTOR
CHESAPEAKE BAY 2.0
OFF CAPE CANAVERAL 3,0
OFF TOKAI-MURA 3.0
GREAT LAKES 3.0

IRISH SEA 2.0
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