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The packet contains the following:

1.  Summary of the locations and dates of the Argonne tripod deployments

2.  Six sets of figures showing the basic data obtained from the deployments along with (for some deployments) figures showing ancillary data and results of preliminary analysis. 

The first figure (denoted “a”) in each set shows (1) time series of water depth (uncorrected for atmospheric pressure), horizontal current velocity 0.7 meters above the bottom (mab), water temperature at 1 mab (solid line) and at 10 mab (dashed line for those deployments for which this measurement is available), total suspended material at 0.9 mab (solid line) and at 10 mab (dashed line when available), and the standard deviation of the pressure signal recorded 0.7 mab.  This last series represents surface wave height.

Notes on Figures “a”:

· The water depths are obtained from the absolute pressure and have not yet been corrected for changes in atmospheric pressure.

· The temperature data during the last half of deployments 98-1 and 98-3 (Figs. 1a and 3a) are incorrect.  A corrected version of the data will be submitted to the archive shortly.

· The tripod was tipped over on deployment 99-3 and the current meter data are nominal (Fig 5a).

· The tripod was knocked over by waves during the large storm that occurred on April 7 during deployment 00-1 (Fig 6a).  The current meter data are missing from this point on.

The second figure in each set (denoted “b”) shows the progressive vector diagram obtained from the current meter data.  These diagrams show the hypothetical horizontal trajectories of a water parcel under the assumption that the currents around the tripod are horizontally homogeneous.  In essence, these plots are constructed by adding the time series of current vectors end to end.  Because the tripod was tipped over and current meter was oriented incorrectly during deployment 99-3, no progressive vector diagram is shown for this deployment.

Three other figures (c, d, and e) are included for deployments 98-1 and 98-3.  Figure c shows the calculated horizontal sediment flux past the tripod as a vector time-series.  Figure d shows the weather conditions recorded by buoy 45007 during the deployment.  Figure e shows time series of the calculated wave orbital velocity and wave-current bottom shear stress along with total suspended material and horizontal current speed.

3.  Abstract of a paper presented at the 43rd Conference on Great Lakes Research in which we discuss the relationship between sediment transport models and tripod observations.

4.  The slides we used in the IAGLR presentation showing that simple empirical models can reproduce the observed near bottom sediment concentration with good accuracy.

Table 1.  Summary of Argonne Tripod Deployments in EEGLE (see map on packet page 30.)

No
Deploy
Retrieve
Lat
Long
Depth
Location
Samples

98-1
04/02/98
04/30/98
42 39.9
87 44.9
15
Wind Point
1339

98-2
07/23/98
08/24/98
42 52.2
87 42.4
25
Oak Creek
1539

98-3
10/28/98
12/01/98
42 52.2
87 42.4
25
Oak Creek
1631



99-1
02/25/99
04/19/99
42 12.5
86 27.7
20
St. Joseph
0

99-2
04/20/99
06/01/99
42.12.5
86 27.7
20
St. Joseph
2064

99-3
10/15/99
11/17/99
42 24.6
86 19.5
18
South Haven
1575



00-1
02/28/00
04/18/00
43 05.6
87 50.9
20
Milwaukee
2388

00-2
04/19/00
05/16/00
43 05.6
87 50.9
20
Milwaukee
0

00-3
05/16/00
06/08/00
43 05.6
87 50.9
20
Milwaukee
0

00-4
09/14/00
planned deployment
25
Muskegon


Figure 1a.  Basic data collected during deployment 98-1.
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Figure 1b. Progressive vector plot for deployment 98-1
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Figure 1c.  Horizontal sediment flux observed during deployment 98-1.
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Figure 1d.  Meteorological conditions during deployment 98-1.
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Figure 1e. Near bottom current decomposition and estimated bottom shear stress for 98-1.
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Figure 2a.  As in Figure 1a for deployment 98-2.
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Figure 2b.  As in Figure 1b for deployment 98-2
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Figure 3a.  As in Figure1a for deployment 98-3.
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Figure 3c.  As in Figure 1c for deployment 98-3.
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Figure 3d.  As in Figure 1d for deployment 98-3.
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Figure 3e.  As in Figure 1e for deployment 98-3.
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Figure 4a.  As in Figure 1a for deployment 99-2.
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Figure 4b.  As in Figure 1b for deployment 99-2.
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Figure 5a.  As in Figure 1a for deployment 99-3.
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Figure 6a.  As in Figure 1a for deployment 00-1.
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Figure 6b.  As in Figure 1b for deployment 00-1.
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LESHT, B.M. and HAWLEY, N., Environmental Research Division, Argonne National Laboratory, 9700 S. Cass Ave., Argonne, IL 60439, and NOAA/GLERL, 2205 Commonwealth Blvd., Ann Arbor, MI 48105.  Empirical Modeling of Sediment Resuspension in the Great Lakes.

Because of the importance of suspended sediments as carriers of nutrients and contaminants, many varieties of Great Lakes water quality models require sub-models that link the bottom sediments to the water column.  These sub-models can be quite complicated, involving numerous sediment layers, several sediment size classes, and various parameterizations describing the time-dependent response of the sediment bed to the imposed hydrodynamic forcing (usually computed by other sub-models).  Although impressive in formulation, these models are generally much more detailed and complex than are the available field data, and therefore the sub-model output cannot easily be compared with, or evaluated against, field observations.  In an alternative approach, we have used observation-based, empirical analysis as the basis for developing methods for predicting observed sediment resuspension from relatively simple measures of hydrodynamic forcing.  The methods have been quite successful in environments as different as Lake St. Clair and southern Lake Michigan.  In this paper we will review some of the applications of empirical modeling of sediment resuspension and suggest ways of integrating the empirical models with the high-resolution, state-of-the-art water quality models that currently are under development.

[image: image17.png]Empirical Modeling of Sediment
Resuspension in the Great Lakes
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[image: image18.png]Compare detailed and simple modeling
approaches with emphasis on field data

o Summary of the problem

o Brief overview of state-of-the-art models
SEDZL (e g Lick et al. 1994, JGLR, 20/4):599-613
Lou et al., 2000 (JGR, /Q5(C3)6591-6510

o Description of field observations (tripods)

» Applications of simple observation-based models

National Laboratory





[image: image19.png]Sediment Transport Theory

« Moving water moves sediment.
« The response of the bottom sediments to an
imposed flow will depend on:
The properties of the sediment
The nature of the flow

Modeling problems: What really is important? How do we
characterize the sediments, the flows? What are the
appropriate temporal and spatial scales to consider?

National Laboratory




[image: image20.png]Detailed sediment transport models

o Highly resolved spatially (e.g., 5-km grid for
SEDZL in Lake Michigan)

o Linked to detailed hydrodynamic models (may be
three-dimensional or “quasi”-three dimensional)

+ Multiple sediment grain size classes, multiple
sediment layers

o Time-dependent sediment bed properties
o Complicated shear-stress formulations

National Laboratory





[image: image21.png]What about data?

o Sediment characteristics

Cohesive: grain size distribution, depth/time dependent
porosity, settling velocity, organic composition,
biological reworking

Non-cohesive: grain size distribution, porosity, settling
velocity, critical shear stress, bottom roughness,
bedforms

Even with careful laboratory results that may provide links
between sediment type and response, how do we use them
and evaluate their applications in the field?

National Laboratory





[image: image22.png]Goals for Tripod Studies

o Long-term (weeks to months) in situ observations
of near-bottom conditions

+ Document frequency and intensity of sediment
transport

o Determine simple, self-consistent model relating
sediment transport to some easily measured (or
modeled) feature of the flow

» Establish constraints on results of detailed
modeling efforts; supplement laboratory studies

National Laboratory





[image: image23.png]ANL Tripod is configured for making basic measurements.

Trjpod is desioned to gather basic information about the relationship between
near-bottom How and sediment transport rather than for detailed studies of the
benthic boundury fayer.
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[image: image24.png]Simple model for near-bottom concentration

o Bottom sediment silty-sand,
water depth 28m
o Average TSM binned by flow
parameter (mean speed in this
case).
o Assume model of the form
C(t) = Ca + b{U(H)-Uc); U(t) > Uc
Ct) =Ca ; U(e Ue
o Non-linear least squares fit to
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[image: image25.png]More involved (but still simple) model
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= e One-dimensional formulation in accord with measurements
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[image: image26.png]Argonne EEGLE Tripod Deployments
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98-1 Wind Point, 15 m. 4/2/98
through 4/30/98, 1339 samples.
98-2 Oak Creek, 25 m. 7/23/98
through 8/24/98, 1539 samples
98-3 Oak Creek, 25 m. 10/28/98
through 12/1/98, 1631 samples
99-1 St. Joseph, 20 m. 2/25/99
through 4/19/99, no data.

99-2 St. Joseph, 20 m. 4/20/99
through 6/1/99, 2064 samples.
99-3 South Haven, 18 m. 10/15/99
through 11/17/99, 1575 samples.
00-1 Milwaukee, 20m. 2/28/00
through 4/18/00 2388 samples




[image: image27.png]Comparison of current meter and pressure sensor
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[image: image28.png]Simple model results for the spring 2000 deployment off

Milwaukee.

el

National Laboratory

Model is forced by wave orbital
velocity calculated from the
pressure sensor.

Model coefficients are
determined by empirical fitting
- not yet optimized.

Statistic “d” represents the
overall goodness of fit.
Statistic ‘RMSEu” represents
the percent of the root mean
square error that is
“unsystematic.”

Bottom sediments sand over
clay with large rocks.




[image: image29.png]Simple model applied to fall 1998 deployment off Oak

Creek.
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Model is forced with wave
orbital velocity calculated from
pressure data.

Model coefficients are taken
from the spring 2000 model.
Bottom sediments silty clay.
“d” =0.807

“RMSEu” = 0.892




[image: image30.png]Preliminary EEGLE Modeling Results

+ Resuspension is driven by surface waves; surface
waves can be modeled from wind data.

+ Empirical models using wave forcing can
reproduce near bottom sediment concentration
with good accuracy.

+ Model parameters seem fairly robust (needs to be
better tested)

Open question: In applications like this, how much
“accuracy” can we afford to sacrifice for
simplicity?

National Laboratory
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