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ABSTRACT: Measurement of the electric potential produced across a tidal stream is an inexpensive
and relatively maintenance free means of monitoring volume flow. Comparison of the electric signal
to transports determined from current meter records is used to calibrate the system. A volume flow
of 100 m® per sec will induce a potential near 1 mV. Salinity and temperature changes at the electrodes
will induce potentials of 500 .V per %, and 350 wV per °C. Transport estimates may need to be
corrected for such effects. Examples of measurements made at two locations, Great Bay, New Hamp-
shire, and Lake Pontchartrain, Louisiana, illustrate that the method is capable of yielding volume
flow measurements with an uncertainty of about 15%.

Introduction

Estuarine salt marshes may play impor-
tant roles as sources and sinks for materials
(nutrients, carbon, etc.) cycled thru near-
shore ecological systems (Teal 1962; Gard-
ner and Kitchens 1978; Hopkinson et al.
1978). In order to quantitatively investigate
the importance of an estuarine system in
this regard, accurate determination of ma-
terial fluxes are needed. Thus, measure-
ments of tidal transports are required. Past
measurements of tidal flows have relied
mainly upon current meter arrays. How-
ever, these measurements are usually of
short duration. It is desirable to have long
time series data of tidal transport if general
trends are to be discovered. Conventional
current meter moorings to make such mea-
surements are both costly and difficult to
maintain. An electromagnetic method,
which is inexpensive, relatively mainte-
nance free (once deployed), and gives a con-
tinuous record of transports, provides a pos-
sible alternative transport measurement
system. Periodic intercalibration with cur-
rent meter measurements is still needed.

The Electromagnetic Method

The electromagnetic method depends
upon the measurement of the electric po-
tential produced across a tidal channel by
tidal currents. In 1832, Michael Faraday
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first suggested that such an electric potential
would be produced by the interaction of tid-
al currents and the magnetic field of the
earth. This effect, a result of the law of
electromagnetic induction (Stommel 1948),
is shown diagrammatically in Fig. 1. The
induced potential (E) is proportional to the
vector cross product of the magnetic field
of the earth (H) and the water velocity (V).
The potential is measured by Silver-Silver
Chloride electrodes placed on opposite
sides of the stream (A and B in Fig. 1) and
connected to a recorder by cables. Early
measurements were mainly concerned with
verifying the existence of the effect, the re-
searchers did not devote much time to the
determination of tidal transports (Stommel
1948; see Longuet-Higgens 1952).
Theoretical models relating transport to
electric potential have been developed by
many authors (Stommel 1948; Malkus and
Stern 1952). These early papers derived gen-
eral relationships based upon simplifying
assumptions which are not applicable in a
shallow estuary. Previous successful mea-
surements in shallow systems were due to
the integrating character of the relationship
and an empirical calibration instead of the
use of an applicable model (Sanford and
Flick 1975). If shallow transport measure-
ments are to be modelled correctly, the spa-
tial distribution of velocity over the bottom
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Fig. 1. Diagram of the electromotive force (E) in-
duced in a tidal channel of width L, by the interaction
of the magnetic field of the earth (H) and the velocity
(V) of the water. The induced potential is proportional
to the vector cross product of V and H, but due to the
integrating character of the relation, it is a measure of
transport (integrated velocity).

topography and the electrical conductivity
distribution in the channel must be taken
into account (Sanford and Flick 1975).
Hence, an empirical calibration to mea-
surements made with a current meter rather
than a complete geophysical model is a far
simpler procedure. This calibration will al-
low one to estimate transports from the
electrode data.

A major problem associated with the elec-
tromagnetic method is noise. This noise
arises from both the environment and the
electrodes. The major limiting factor is the
noise of the electrodes themselves. Properly
matched electrodes will have an emf well
below one millivolt (typically it is on the
order of 100 microvolts) (Filloux 1973).
Present solid state operational amplifiers
have an input voltage noise which is about
10 times lower than that of median electrode
pairs (Filloux 1974), thus amplifier noise is
no problem. Environmental noise arises be-
cause the electrodes are sensitive to salinity
and temperature changes. Although the
magnitude of these effects are not precisely
known, they appear to be approximately 500
w1V per %o and 350 pV per °C (Filloux 1973).

The induced transport signals appear to
be on the order of about 1 mV per 100 m?
per sec of transport (Morse et al. 1958;
Swenson 1978; Swenson 1980). Thus, the
overall accuracy of the method is limited by
environmental parameters (salinity and tem-
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Fig. 2. Map showing location of study site in Great
Bay, New Hampshire. The electrodes were placed on
either side of Furber Strait (see insert upper right) at
points A and B.

perature fluctuations, volume of flow) and
the electrode stability. It is possible (see
below) to remove the salinity and temper-
ature effect, thus increasing the measure-
ment accuracy. If special precautions are
taken to isolate the electrodes from the en-
vironment, measurements of transports in
very small channels can be made (see San-
ford 1977).

Examples of Electromagnetic Measurements
GREAT Bay, NEwW HAMPSHIRE

The Great Bay system is located in south-
eastern New Hampshire and southwestern
Maine. The current flow into the estuary is
predominately tidal, the freshwater com-
ponent being less than 1% of the tidal prism
(Reichard and Celikkol 1978). An experi-
ment, outlined below, was performed to test
the feasibility of the electromagnetic meth-
od for the monitoring of tidal volume fluxes.
The measurement site used was a tidal chan-
nel approximately 0.5 km wide and 10 m
deep (Fig. 2). Previous data collected at the
site (Swenson et al. 1977) indicated that
transports were on the order of 1,000 m? per
sec. Salinity and temperature changes in the
strait were about 3 ppt and 3 °C per tidal
cycle. Thus, the expected environmental
noise signal was about 25% of the expected
transport signal. Two electrodes were used
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Fig. 3. Calibration curve for the electrode system.

The measured potential is plotted against transports
determined with current meter measurements. The re-
sults of a regression analysis are indicated on the plot.

in the study, one on either side of the chan-
nel in about 4 m of water at MLW. A com-
plete description of the field procedures can
be found in Swenson (1978).

Before the system was deployed, the elec-
trodes were tested in order to establish a
reference potential for the pair and to mon-
itor the fluctuations in that reference with
changes in temperature and salinity in order
to determine appropriate correction proce-
dures. The transfer function, using the re-
corded temperature as the input signal and
the recorded electrode potential as the out-
put signal, was computed. These data were
collected when the electrodes were side by
side on the estuary bottom, hence any po-
tential measured was assumed to be due to
the salinity and temperature changes since
there was no volume flux between the elec-
trodes. The transfer function was then used
with measured temperature fluctuations to
correct the electrode signal (when the elec-
trodes were separated) for temperature ef-
fects. In using this approach, it was assumed
that the transfer function remained constant
throughout time, and that both temperature
and salinity effects were accounted for,
since they are frequency coupled.

Calibration of the system was determined
by comparing electric potential measure-
ments with transports determined from cur-
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rent meter measurements (Fig. 3). These
data indicate that the method has an uncer-
tainty of about 10%, the approximate error
in transport as determined by current meter
measurements (MaGuire, Rust, and Smith
unpublished data).

A time series of tidal height and transport
determined from the measured electric po-
tential is shown in Fig. 4. The potential data
have been corrected for salinity and tem-
perature effects (as discussed above). The
maxima in transport (potential) occur at ap-
proximately midtide, which is to be ex-
pected for this location, where a standing
wave exists (Reichard and Celikkol 1978).

LAKE PONTCHARTRAIN, LOUISIANA

Lake Pontchartrain is a shallow (4 m) es-
tuary located in southeastern Louisiana.
The lake is connected to the Gulf of Mexico
through Chandeleur and Breton sounds by
three tidal passes: the Inner Harbor Navi-
gational Canal, Chef Menteur, and The
Rigolets (Fig. 5).

In connection with an environmental
study of the lake and its surrounding wet-
lands, transports were measured, by the
electromagnetic method at two of these
passes: The Rigolets and the Inner Harbor
Navigational Canal. In this study, the elec-
trodes and the cables connecting them to
the recording equipment were attached to
highway bridges located in the tidal passes.
A description of the methods can be found
in Swenson (1980).

Since data from the passes (Swenson
1980) indicate that transports could be rel-
atively high (3,000 m® sec) and salinity and
temperature changes were small (about 1 °C
and 1 ppt) per tidal cycle, it was decided to
ignore the salinity and temperature effects
on the electrodes. This introduces an un-
certainty of <10%.

Figure 6 shows data collected from a cal-
ibration cruise during which transports were
computed from current meter measure-
ments and compared with the measured
electric potential. Figure 7 shows the limited
time series data collected in the lake. Al-
though tidal height data are not presented,
the local diurnal tide (Marmer 1954) is re-
flected in the potential signal.

The data, which was collected primarily
to test the feasibility of the method in a low
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Fig. 4. Time series plot of tidal height and transport as measured by the electrodes for Great Bay, New
Hampshire. The starting date and time is given at the origin of each series. A scale is indicated above the series.

salinity (5 ppt) environment such as Pont-
chartrain, do demonstrate that the system
will function if deployed properly. The cal-
ibration data (Fig. 6) indicates that uncer-
tainties of about 15% are feasible.

Discussion

The electromagnetic method offers sub-
stantial utility in the monitoring of gross and
net tidal transports in shallow and brackish

Fig.5. Map showinglocation of the study sites used
in Lake Pontchartrain, Louisiana. Two deployments
were made, one in the Rigolets tidal pass, and the other
in the Inner Harbor Navigational Canal JHNC).

estuarine systems. The method does, how-
ever, have some drawbacks or limitations.
These are environmental noise due to salin-
ity and temperature changes, calibration
drift, and lack of definition of the spatial
characteristics of the flow.
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Fig. 6. Calibration curve for the electrode systems.
The measured potential is plotted against transports
determined with current meter measurements. The re-
sults of a regression analysis are indicated on the plot.
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Fig. 7. Time series plot of potential measurements for the Rigolets tidal pass (top) and the Inner Harbor
Navigational Canal (bottom). The starting date and time are indicated at the origin of each series.

Environmental noise in the estuarine sys-
tem may have to be accounted for if this
noise is much larger than the expected trans-
port signal. Thus, the accuracy of the mea-
surements is limited by the magnitudes of
the volume flux to be measured, and the
magnitude of the salinity and temperature
variations. In addition, the calibration,
which is determined by using conventional
current meters, may not be constant with
time (as I have assumed), but might exhibit
a seasonal variation. Future studies are
needed to access the possibility of this long
term drift of an electrode system. A possible
method might be to rely on periodic (sea-
sonal) intercalibrations with a current me-
ter. Even assuming a current meter is pur-
chased for these intercalibration studies, the
system would still have the advantage of
being less costly and require less mainte-
nance than an array of conventional meters,
while yielding valuable data on the time his-
tory of tidal transport. Kjerfve (1979) has
shown that the time variation of net trans-
port in an estuarine system may be consid-
erable. It is imperative to know this varia-

tion if one is to attempt to construct a
material budget.
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