8. Post-processing Results

8.1 Water Levels & Currents

The first stage in calibration of a numerical hydrodynamic model is to accurately
represent measured tides (or water levels) and currents. The number of calibration
measurement sites required for sufficient model calibration increases with larger domains
and increased complexity in processes.

Of the three main data sources required for good hydrodynamic calibration (geomorphic,
forcing, and field data), inaccurate knowledge of, or mistakes in conversion between
datums is the most common underlying factor in poor model calibration. Model
calibration cannot be achieved without proper representation of datums. Some examples
of field data typically used for calibration of hydrodynamics include fixed water level
gauges, fixed acoustic Doppler velocimeters (ADV) and acoustic Doppler current
profilers (ADCP), and roaming or boat-mounted ADCPs. Both fixed and roaming data
can be assessed over a time series, where boat-mounted data are collected at specified
locations over time intervals. However, roaming data that were collected continuously
must be assessed as a function of location in three-dimensional space.

With good forcing data and accurate corresponding datums, the final check before
hydrodynamic calibration can be achieved is the accuracy and detail of the geomorphic
parameters such as bathymetry, sediment characterization, and structure definition. The
most important of these is bathymetry, which can have several issues which are typically
associated with quality control, density, interpolation, and final grid resolution and
domain size. A good example of this is a poorly resolved small channel in the far reaches
of a bay, such as that in the northern portion of the Shark River estuary (Figure 8.1.1).
Although lower velocities may be passing through this channel, and there may be little
interest in morphology change here, it may be integral to providing the conduit of tidal
prism to a shallow bay platform.

Figure 8.1.1. Northern portion of the Shark River estuary.
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Figure 8.1.2 shows the closest locations of water-level gauges to Shark River Inlet.
Sandy Hook and Atlantic City, NJ, are two ocean pier-mounted gauges approximately 30
and 100 miles away from Shark River Inlet, respectively. Both NOAA gauges were
evaluated against the Belmar tide gauge using the tidal constituents of one year, and
Sandy Hook was found to have the closest amplitudes and phases. Measured tides from
Sandy Hook were used to force the offshore boundary condition. The calibration period
that the model was evaluated on was for the 13-hour tidal cycle over which field
measurements were collected on 20 August 2009.
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Figure 8.1.2. Location of NOAA (red) and USGS (blue) water Ievel gauges.
e Importing water level measurements in to SMS for comparison:

1. Solution files from both an explicit and implicit circulation model are
provided in this section’s folder. Open the cmcards file in the
Implicit_Calibration Run folder, which should bring the solution file in
automatically. (This can serve as a backdrop for locating the gauge
location in SMS.)

2. Change the map Default Coverage type to Observation, and add a Feature

Point *" to the approximate location of the tide gauge shown in Figure
8.1.2.

3. Select and right click on the Feature Point|Node Attributes, and the
Observation Coverage window will pop up (Figure 8.1.3). Under
Measurements, select the drop down menu under Module, and change it to
2D Cartesian. Change the Dataset to Water Elevation. Select Trans
(transient data), and the Time Series menu for the observation point and
select Options...
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Figure 8.1.3. Setting up the measured time series data within the
Observation Coverage window.

4. Time series of the measured water levels can be manually pasted here. A
file of measured water levels is provided and available for Import: Belmar
Tide Input.tsd.

e Water level data plotting from Feature Points:

1. Time plots can be compared within SMS through their software plotting
package. To create a plot select Display|Plot Wizard|Time Series and
select Next. The Function is Scalar, and the Water Elevation scalar
dataset should be selected with the full time period (Figure 8.1.4).
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Figure 8.1.4. Plot Wizard for time series data (top); Time Series plot of
Water Elevation (bottom).

2. The plots can be updated by right-clicking the graph window and selecting
Plot Data. Also, the time frame can be modified.

3. Changing the location of the Feature Point by dragging the point will also
automatically update any graph open within SMS. Note that moving
Feature Points that are extracting large datasets may take a considerable
amount of time to reload.

Extensive statistical analysis of time series water levels is not available in
SMS. However, it is convenient to extract this information from SMS
which can be used in other software or Microsoft Excel.
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4. To extract the raw data for use in other software right-click on the graph
window and select Export. In the Exporting Time Series window, select
Export|Text/Data, Export Destination|File (and specify a location), and
select Export. Change the Export Style to Table and Row vs. Column to
Points/Subsets (Figure 8.1.5). Export.
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Figure 8.1.5. Export Wizard for plotted data.

5. To view the raw data (and another way to extract) right-click on the graph
window and select View Values. The data are presented in a table that can
be highlighted and copied to another program.

Other options for the display plot can be found on the XMS Wiki
(http://www.xmswiki.com/xms/SMS:2D_Plots).

CMS-calculated water level variation is compared with water levels from the Belmar
gauge (location shown in Figure 8.1.6). Because the Sandy Hook gauge is located 30 km
north of Shark River, the calculations have a slight phase advance in comparison to the
measurements because the tidal wave propagates from north to south on this coast. The
ocean gauge typically leads the bay gauge by 20-30 min.
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Figure 8.1.6. Observed time series of water level at Sandy Hook and
Belmar (“Bay”) and calculated water level at Belmar.

If time series data for the model were not set to the same interval as the measured data,
there are filtering options within the data calculator.

e Reducing output (water level) from the solution:

1. To create a 30 minute dataset of water levels from the original 6 minute
output, go to Data, Data Calculator, and under the Tools section, select
Temporal, Sample Time Steps (Figure 8.1.7).
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Figure 8.1.7. Sampling time steps of the Water_Elevation scalar dataset in
the Dataset Toolbox.
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2. Select the water level dataset under the solution datatree, and create an
Output dataset name at the bottom.

3. Set the Start time to the beginning of the series and the end time to the end
by selecting the time under Time Steps and selecting the associated button
below. Change the time step to 30 minutes (or 0.5 hours), select Sample.

Of the many types of velocity measurements, those taken for Shark River Inlet in August
2009 were D-ADCP transects, or 2-D profiles along transects. Velocity was binned into
depth measurements throughout the water column, and these were preprocessed and
depth-averaged to produce comparable velocities to those from the CMS run. To display
preprocessed measured velocities, they must be converted into an XYZ format with
additional data (velocity and direction, or VVx and Vy) in additional columns. SMS will
recognize both the XYZ data, and assign extra scalar or vector datasets to the imported

Importing GIS-type files from D-ADCP current measurements output into SMS:

1. Open the provided file in the section folder SR1082009_DAV _1300.GIS,
and select Use Import Wizard (An excel version of the text file is also
provided in the folder). Select space/tab deliminated if not already
checked and click Next, and select the X, Y, Z, Vector X and Vector Y
columns (Figure 8.1.8). Be sure that the Header of the Vector X & Y
columns is the same. Change the headers so they are the same (Vector),
otherwise this incurs an error when importing in SMS.

File Import Wizard - Step 2 of 2
SMS data type: e )
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[ Mo data flag Ii
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Figure 8.1.8. Sampling time steps of the Water_Elevation scalar dataset in

the Dataset Toolbox.
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2. Change the vectors back to scalar and direction by right clicking on the
Current_Magnitude scalar dataset and selecting Vectors to Scalars,
Magnitude and Direction, and OK.

The scatter set should have a vector dataset for current listed below depth,
and the scalar magnitude and direction datasets below these (Figure 8.1.9).
Selecting these scalar datasets will display the quantities of each point,
such as velocity magnitude or water depth, and will illustrate the
contouring between the points of the transects.
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Figure 8.1.9. Imported velocity transect file SRI082009_DAV_1300.GIS.

3. To display the velocity as arrows with magnitude and direction, go to
Display Options, the Scatter tab, and check Velocity Vectors on. Modify
the vector display under the Vectors tab by setting the Vector Display to
At each node, setting the Z-offset to 10.0, and the Arrow Options Shaft
Length to Scale Length to Magnitude (Figure 8.1.10).
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Figure 8.1.10. Vector Display options for scatter points.

To display the scatter points with colors representing the flow, go to the
Scatter Tab under the Display Options, and select the Use Color Contour
Scheme under Points. Make the points a size 10 and they will be visible

and the color differences noticeable as in Figure 8.1.11.
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Figure 8.1.11. Color options turned on for scatter points
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To compare the measured current velocity data to calculated, the data must be in SMS in
this format, where xyz data overlay the proper region and the units of the measurements
are the same. Below describes how to plot a transect, or observation arc, through the

measured points that will display both measured point data and calculated data across a

distance.

e Displaying measured and calculated currents in SMS:

1. Following the above section, the current velocity file is displayed similar
to Figure 8.1.12. Draw three observation arcs over each of the three

transects.

2. To plot, select Plot Wizard from Display, and select an Observation
Profile. In Step 2, select one of the arcs (uncheck others), and under Extra
Profile select Model Intersections. Figure 8.1.12 illustrates everything
selected for plotting the measured and calculated data for the specific time
the transect was actually measured.
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[ (1623 Maniingsh 46. 7 8/20/2009123600 ..
2 | a2 Ozl Depth 6.7 s/20/2009 124200
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Al 0n Al Off All O | Al Off All O | A 0ff
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Figure 8.1.12. Plot Wizard data options for displaying measured and
calculated data from an observation arc.

3. Specify the datasets to be plotted, the Current_Magnitude under the grid
and the Vector Magnitude under the scatterset data. Select the date and
time the transect was measured, which was 20 August 2009 at 1IPM GMT.

4. The resultant plot is shown in Figure 8.1.13, where the closest points from
the measured data were plotted as distance across the arc, and model grid
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cell centers are where numbers are extracted for the calculated data. Data
can be extracted from the plot similarly to the ways defined in the water
level extraction section at the beginning of this section.

5. To adjust the points distance output from both the calculated and
measured, select and right click on an arc, select Redistribute Vertices, and
set the vertices to a Specified Spacing such as 10 meters. Right click on
the plot, and select Plot Data, to modify the selection/extraction of point
data from Model Intersections to Points and Vertices.
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R EE @ o 0 I

Figure 8.1.13. Plotted measured and calculated data from the larger
observation arc to the East. Note that the positive direction reflects the
observation arcs direction.

Statistics can be calculated on the equidistant measured and calculated profiles. There
are many statistical approaches to compare the measured and calculated data for
hydrodynamics. Of those approaches listed below in Table 8.1.1, RMSE, Correlation
Coefficient, and RMAE are commonly used for interpreting goodness of fit for
hydrodynamic measurements. The Brier Skill Score and Correlation Coefficient methods
are often used in evaluating bathymetry change over transects or morphologic differences
such as volumetric change for morphologic features.
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Table 8.1.1. Common equations for calculating statistics.

Root-Mean-Squared Error BRMSE(x,y) = \/< (z — y)2>

Mean-Absolute Error MAE(z,y) = <|3' - y|>

MAE(z,y)

Relative-Mean-Absolute Error RMAFE(z,y) = 2]
T

{zy) — () {y)

Correlation Coefficient

@ — @2/ — @)

BSS(z,y)=1-— <(T _ y)2>

(o)

Brier Skill Score

8 — Page 12



8.2 Post-processing CMS-Wave Results

This section describes three FORTRAN codes, concatwav.exe, pkcmswave.exe, and
pkcmswavel.exe to assist in handling the CMS-Wave output information. Three
MATLAB codes, figlsets.m, fig2sets.m, and fig4sets.m, are provided to plot and
compare calculated wave parameters and/or measured data (NDBC or CDIP buoys).

An example is provided as a simple CMS-Flow explicit steering run of the Shark River
application (run 2009.sim and 2009.cmcards for a total of 12-hr simulation with 3-hr
steering interval — al0-min run time with 3-processors assigned to CMS-Flow).

e concatwav.exe - this FORTRAN code merges all individual cycle *.wav files
from a CMS-Flow explicit and CMS-Wave steering (coupling) run into one single
*.wav. Running concatwav.exe requires enter a text file that lists all or more
individual *.wav files in sequential order (one-column format) — a sample text file
concat.dat is provided that has included the first 200 cycle *.wav filenames. Users
can avoid this code if a std.dat file (a modified copy of standard *.std to overwrite
all individual *.std files generated in the steering process) is prepared with the 7"
control parameter IWET set to -2 before running the steering. IWET = -2 will
output a total.wav file include all individual cycle *.wav. In the present time,
users should manually prepare the std.dat and set IWET = -2 for this option. In
the SMS11 Beta and future SMS release, users can simply set IWET = -2 in the
standard *.std (the std.dat is no longer required).

1. Under the DOS window, run concatwav.exe in the folder with all steering
cycle *.wav files

2. Responding to the on-screen input, type the name of a text file that lists all
or more individual *.wav files in sequential order, or simply type the
sample file “‘concat.dat’ that includes the first 200 cycle *.wav filenames
(by using “concat.dat’, the output total.wav will include up to a maximum
of 200 cycle *.wav) — see Fig 8.2.1 to merge all 5 cycles *.wav into one
total.wav file.

=+ Command Prompt

C:\Hydocuments\CIRP—Jax7—9F8h2311—HorkshoP\Shark—Riuer—Inlet—CHS—Haue\testZ)concatwau

read a file with the list of all =.uvav file

Figure 8.2.1. Run concatwav.exe.
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pkcmswave.exe — this code will extract the calculated wave height, period and
direction information from *.wav for a single cell in the model grid. The output
file is ‘oneline.dat’ that lists the extracted wave information (in sequential order)
using the Wave Information Studies (WIS) short format (11-column format: id,
year, month, date, hour, sig wave height, peak period, mean period, mean wave
direction, wind speed, wind direction) — show all direction in the meteorological
convention.

1. Inthe DOS window, run pkcmswave.exe

2. Responding to the on-screen input, type the CMS-Wave wave output
*.wav filename

3. Type the year (last two digits of a calendar year), e.g. type ‘11’ for 2011

4. Type the local shoreline orientation (the CMS-Wave grid y axis) in
clockwise polar coordinates (deg, positive from North covering the sea,
e.g., 180 deg for St Mary’s Entrance, FL/GA, or 360 deg - the wave grid
orientation angle in *.sim)

5. Type asingle cell i and j indices (two integer numbers) saving wave
parameter information

6. Type the starting timestamp (default value is 0) and ending timestamp
(default is 99999999) for saving output files — see Fig 8.2.2 to run
pkcmswave.exe to extract wave information at Cell (69, 92) from
total.wav.

o Command Prompt

C:“Mydocuments~CIRP-Jax?-9Feb2B11—VWorkshop~Shark-River—Inlet-CHS-lavestest2>pkcnswave
type a matrix filename

{e.g., CMSwWave.wav)
total.wav

type year{i2> for output

?

Type in the CHSWAUE y-axis orientation in the polar
coordinates (deg., positive from North covering

sea, = 368 - cmswave grid orientation in *.zim
. 248 deg at the CR mouth. Texas>

total doman nx.ny= 138 212

type a cell ix and iy for 1-line output
9 92

type start & end time stamps(i8> for save
{e.g.. B and 99999999

A
79999999

21201083
2120106
1201089
9128112
2128115

C:“HMydocuments~CIRP-Jax?-?Feb2B811-Workshop~Shark-River—Inlet-CHS—lave\test2>

Figure 8.2.2 Run pkcmswave.exe.
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o pkcmswavel.exe — this code will extract the calculated wave height, period and
direction information from the monitoring station output file selhts.out (exists
only if the monitoring station data is specified in the *.std) for a single station.
The output file is “oneline.dat’ that lists the extracted wave information in the
WIS short format. The selhts.out file has a 15-column format:

Column 1 - spectrum label (or timestamp)
2 - i index in Cartesian (i,j) or ij index in Quad-tree mesh
3 - j index in Cartesian (i,j) or 0 (dummy) in Quad-tree mesh
4 - significant wave height (m)
5 - spectral peak wave period (sec)
6 - mean wave direction (deg, local coordinate system)
7 - swell height (m)
8 - swell wave period (sec)
9 - swell direction (deg)
10 - local-generated wave height (m)
11 - local-generated wave period (sec)
12 - local-generated wave direction (deg)
13 - wave breaking index (non-zero for breaking)
14 - max water elevation mark (m), include wave run-up if calculated
15 - flow discharge rate (m*m/sec) at structure cells if calculated

Note: Specify IWET = -1 or -3 to save swell and local sea data in selhts.out
(swell is shown in Columns 7 to 9, and local sea in Columns 10 to 12)

1. Inthe DOS window, run pkcmswavel.exe

2. Responding to the on-screen input, type the CMS-Wave monitoring
station output filename (e.g., selhts.out)

3. Type the year (last two digits of a calendar year) for the data, e.g. type
‘11’ for 2011

4. Type the local shoreline orientation (the CMS-Wave grid y axis) in
clockwise polar coordinates (deg, positive from North covering the sea,
e.g., 180 deg for St Mary’s Entrance, FL/GA, or 360 deg - the wave grid
orientation angle in *.sim)

5. Type asingle cell i and j indices (need to be a monitoring station cell
given in *.std)

6. Type the starting timestamp (default value is 0) and ending timestamp

(default is 99999999) for saving output files — see Fig 8.2.3 to run
pkcmswavel to extract wave information for Cell (69, 92) from selhts.out.
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e Command Prompt

C:“Mydocuments“CI RP-Jax?-?Feb2811-Yorkshop~Shark-River—Inlet—CH5-lavestest2 >pkemswavel
type a selhts filename

- selhts.out?
selhts.out

type yeardi2? for output
7

in the CMSWAUE vy—axis orientation in the polar
coordinates (deg, positive from Morth covering
sea, = J6B — cmswave grid orientation in *.sim
e.g.. 248 deg at the CR mouth, Texas)

a cell ix and iy for 1-line output

start & end time stamps{iB8) for save
g.. B and 2999929972

C:“Mydocuments“CIRP-Jax"?—?Feb2811-Workshop~Shark—River—Inlet—CHE—lWavestest2>

Figure 8.2.3 Run pkcmswavel.exe.

e figlset.m (or figlset.exe)— this MATLAB code reads a WIS short format file and
plots the time series of wind and wave parameter data.

1. Inthe MATLAB console, go to the folder with the figlset.m code, type
‘figlset’” and press Enter to run (or in the DOS folder, run figlset.exe)

2. Responding to the on-screen input window, browse and open (read) the
WIS sort format file of interest (e.g., 4602509d.dat)

3. Enter 1 for plots shown in the Metric system (m, m/sec) or 2 in English
system (ft, knot)

4. Type the year (last two digits of a calendar year) for the data, e.g. 11 for
2011

5. Type starting month id number in the plot, e.g. 1 for January, 2 for
February, etc.

6. Type ending month id in the plot, e.g. 3 for March, 13 for January of the
following year, or enter 0 to input starting and ending dates in the same
month

7. Type starting and ending days to display the data plot or type “0 0” and
Enter to skip this option

8. Type the title (text) for the plot or simply press Enter to skip this option, to

complete the run — see Fig 8.2.4 to run figlset.m or figlset.exe to plot
NDBC Buoy 44025 data (2009-ndbc.out) for December 2009.
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Figure 8.2.4 Run figlset.m.
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fig2sets.m in MATLAB (or fig2sets.exe in the DOS command window) — this
code is similar to figlset.m except it is capable of reading and plotting the time
series of wind wave data from two or three WIS short format files. Run
fig2sets.m following similar steps as run figlset.m — see Fig 8.2.5 to plot NDBC
44025 and CDIP 154 (2009-sp154.out) for December 2009.
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Figure 8.2.5 Run fig2sets.m.
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figdsets.m (or fig4sets.exe in DOS) — this code is similar to figlset.m and
fig2sets.m except it is capable of reading and plotting the time series of wind
wave data from three or four WIS short format files. Run fig4sets.m following
similar steps similar as run figlset.m or fig2sets.m — see Fig 8.2.6 to plot NDBC
44025, CDIP 154, and these two sets of data transformed to the CMS-Wave grid
offshore boundary (2009-ndbc.dat and 2009-sp154.dat).
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Figure 8.2.6 Run fig4sets.m.
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8.3 Sediment Transport

Calculating accurate sediment transport rates is necessary for understanding trends in
channel infilling, inlet and nearshore morphology change, and on a more basic level
sediment pathways and checking sediment balance.

In the CMS, sediment transport can be calculated across lines or polygons defined by
feature arcs and polygons in a post-processing procedure. The total-load sediment
transport rates calculated from CMS-Flow are integrated across user-defined boundaries.
The sediment transport statistics are calculated from the integrated sediment transport
rate. The calculated statistics are the net, gross, positive and negative total-load sediment
transport rates and are output in units of either cy/ft or m3/m.

....channel infilling, nearshore sed tran, sediment budget through a channel, boundary
fluxes.

e Calculating sediment fluxes over cross-sectional arcs:

1. Load the Jan09Tel.cmcards into SMS - the solution file should load in
automatically

2. Right-click on the default coverage and select Type | Generic |
Observation to set up the map module for drawing an observational arc
(Figure 8.3.1)

TS == - R
Concentration . 3.2
Maorphology_Change = 16
wiater_Elevation | 0.0
[T7] Current_velocity % CiGrid Module Total_Sediment_Trans
[f7] Total_Sediment_Transport 0.00 mis —=
= [ALF Map Data o | 0.00ms —~
iM%} default coverage
Duplicate EH
Renarne -m—
Convert 3
Reproject. .,
Metadata. .. | ==
!- +7
Zoom ko Coverage r o=
T;TTSS:DDD&DD 0o = sl frea Froperty
- Models ¥ Mappin
21153 O0:30:00 il e a
21153 01:00:00 W |
21153 01:30:00 Partith:/Drogue
21153 0200:00 chodls
21153 02:30:00 )
21153 02:00:00 Spatial Data
21153 03:30:00 Skamping
21153 04:00:00

Figure 8.3.1. Changing a Map coverage type to Observation.
3. Zoom to the location selected for calculating sediment transport (Example
of a cross-shore location shown in Figure 8.3.2) and draw the arc using on

the Create Feature Arc tool £ . Selecting the Select Feature Point S
tool will allow modification of the end points of the arc; or the arc can be

deleted by selecting with the Select Feature Arc w tool
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Figure 8.3.2. Example of a Feature Arc for calculating sediment transport.

Click on the starting and ending points on the grid that define the transect for calculating
sediment transport. An example of a Feature Arc for calculating longshore sediment
transport at Shark River Inlet is shown in Figure 8.3.3. In the case of longshore transport,
the offshore end should extend beyond the breaker zone and closure depth to capture all,
mainly, wave-induced longshore sediment transport. Be sure that the observational arc
end points do not touch inactive land cells as this may cause interpolation problems in
SMS.

4. The positive direction of the sediment transport is defined by the Feature
Arcs direction. To view the arc direction, click on the Select Feature Arc

tool ﬁﬁ and right-click on the Feature Arc once. The arrows displayed at
the beginning and end of the transect indicate the direction of the arc
which defines the positive for all fluxes or vectors calculated across it.
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5.

Figure 8.3.3. Highlighted Feature Arc with the positive direction shown by
the arrows.

If necessary, the arc direction may be changed by clicking on the Select
Feature Arc tool, and selecting the feature arc by right-clicking it once and
selecting the option: Reverse Arc Direction. The same applies for feature
polygons.

The sediment transport calculation across a feature arc requires a dataset of the same size
and time series length with the constant value of 1. Steps 6-8 describe how to create a
new dataset, of any scalar value, within the Cartesian Grid Module.

6.

To create this dataset, select the Cartesian Grid Module, Click on Data,
Data Calculator

In the Data Calculator (Figure 8.3.4), select the water elevation dataset
(1), click on the Use all time steps checkbox (2), change the name of the
output dataset to ones (3), double-click on the water elevation dataset (4)
so that it appears in the Calculator window.

In the Calculator, multiply the dataset by zero and then add one (5), select
Compute (6). The calculation might take a few minutes if the dataset is
large. Once the calculation is completed, select Done (7), and the output
dataset will appear under the Datasets window.
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Dataset Toolbox

Tools

= Math
Compare data sets
Data Calculator
=J- Temparal
Sample time steps
Compute derivative
—I- Conversion
Scalar ko Yector
Yeckor o Scalar
= Modification
Map ackivity
Filker

Update Available Tools
Help...

Data Calculator
Data Sets

Time Skeps

=-FHl Jan09 (CMS-Flow)
. DS0
b. Hard Bottom
. Manningsh
d. Depth
—-{_] jan03
—|-{_] Unsteady
e. Bathymet
f. Capacity
g. Concentration

Ste

ps1 &4

h. Current_Magnitudsg
T Torphology _Theag

| hiali*0+1

bl | mir

=
o
=

Ky |

sqrk av4 Step

]

CQutput data set nam@)

abs | trunc | E/
1

ot

l

Figure 8.3.4. Steps to create a time series dataset of “ones” within the
Cartesian grid module.

To obtain the sediment transport statistics, the sediment transport is first integrated
spatially to compute a time series of sediment transport across the Feature Arc. This
procedure is done in the SMS Plot Wizard. The sediment transport vector field is
interpolated to the points where the arc intercepts cell faces and is then integrated across
the Feature Arc. Follow each step outlined below:

9. Open the Plot Wizard, select Time series as the Plot Type and then Next.
In the Plot Wizard — Step 2 of 2 window, select Flux as the function type.

10. Check the feature arc checkbox (Figure 8.3.5), select the ones dataset for
the scalar dataset, and sediment transport as the vector dataset, adjust to
the correct start and end times, and select Finish. (Note that the
computation might take a few minutes to tens of minutes, depending on
the size of the dataset. This is because SMS must split the vector
information, which is computationally slow.)
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X

Plot Wizard - Step 2 of 2

F . i Scalar Dataset:
unction twpe: | Flus hd
[123] Capacity ~
Coverage: Humboldt_Obs Arcs Concentration
. Morphalogy_Chang
Start time: -00; -
art time: |21153 00:00:00 | Water Elevation
Endtime: |21173 15:00:00 4| -
w
[ Use calibration data < | ¥ -
Show  Arcs | Wector Datazet:
1 v Arc 1 =L 20 CGnd [Ch 5 -Flow)
= F Flow [CM5-Flow)
5. RUNT
[T7] Current_elacity
WE] Tctal_Sediment_Trans
allan A1t < | &

Help < Back | FinishlE | Cancel |

Figure 8.3.5. Selecting the correct Start and End Times, Feature Arcs, and
Scalar and Vector Datasets in Step 2 of 2 of the Plot Wizard.

Once the time series dataset is created in the form of the graph (Figure 8.3.6), the data
must be exported for calculations in other software as SMS does not yet have the
capability to do so. There are several programs that can process and calculate the
sediment transport statistics. One, developed by CIRP, is a simple Fortran executable,
though other programs such as Excel can do the same calculations

File Edit Display Feature Cbjects ‘Wweb Window Help %
SHEMEB@E L« I z: Js00 [ [ [
. il =2 EEX
;'I:i::,a”wale « Time Series
23 D50 &
e r| o
[Z] Depth
= lj\%Dr;Sis 'y % 0.004
athymety 217
123 Capacity ) I 0.002
-
: none a0 :—; &0 80 ‘ wén I ‘ 120 140 160
5 Tirne
[%] Total Sediment_Transpart i [ =
| Lgﬁ'??‘::“ g Arc 1 Flux —
7 efault coverage X
X
T i LT ST F R A
L T R e T T T T 7 L]
e T L T
G iy IRIeg gt UL g ek iagghd (100 daggy S9000 g ARG,
—— HIH T T Jm,,,,, l',,,. 17
e — i T P L P
o = e e e T T P ]
oo I e D e T T PR
10957 04:00:00 T4 ",". o ""‘ ",," ',". ...'
e T
lEETiTE N = (191918.6, 151021.2) lArcinfa; 1 selected; id = L; Length = 145,647142 ft; Not observed; Num segments = 1,

GatEBEHOYaN R ° o b

Figure 8.3.6. Example time series of integrated sediment transport across
a Feature Arc.
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The Fortran executable calculates the transport statistics based on the exported time series
of integrated (along arc) transport rates obtained in the previous section. The program can
be run from a command prompt, a script file or by simply double clicking on the

executable and providing the name of the input file. The following explains how to

create the input file.

11. From the generated graph, export the text data by rt-clicking on the time
series plot and selecting View value

12. From the View Values window, select the data from the table (Figure
8.3.7) and copy-paste it to a text editor such as Wordpad. (Note the
number of rows in the dataset by looking at the id number of the last row
in the View Values window.)

B flux.txt - Motepad E@@

B View Values E|
| Arc 1 - ones - Total_Sediment_Transport | | -
Tirne Walue

1 0.0 0o

2 0.5000000000582 -3.637485e-030

3 0.9933333999412 -1.5806392e-025

4 15 1.09850368e-015

7 2.0000000000582 -1.3951268e-011

E 2.49933399333418 -4 71452322-011

7 30 -1.914717e-010

A 3 BONANANANNSE? 1 77R2NdNde-nin Y

Cloze

F

Figure 8.3.7. Example of a View Values window in SMS.

13. Save the file with the extension *.txt (Figure 8.3.8). The data may also be

saved as an *.xys file (SMS xy series file), where the file needs a header

(as shown in Figure 8.3.8). Make the second entry a file id, the third entry

the number of time steps, and the last entry a name for the time series.

(An example is given in the folder for Section 8.)

Fil=: Edit Format Miew Help File Edit W¥iew Insert Format Help
p.o 0.0 ~ el Sk # o
0,.4890959590509700 1., 01802013017
1. 0000000000291 5.85712598e-011 tXYS 1 1838 "Curwve' A
1.5 b.7l7385%372-009 0.0 0.0
1.9959995005709 6,830409%32-008 0.0999999999767  5.0070186585455
3.0 1.08335345e-008

0.2999999999302  25.894722298267
3.49999959955709 3.011323353e-006 3 0. 4000000000515 262076662147 2

Far Help, press FL

Figure 8.3.8. Examples of *.txt (left) or *.xys (right) files with extracted

sediment transport time series.
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14. Double click on the executable named proc_flux.exe (Figure 8.3.9). The
executable does not need to be in the same folder as the input file. If the
file is not in the same directory, the path should be specified before the file
name. If the path contains spaces quotation marks should be used.

e DEACIRPACMS\proc_flux\debugl\proc_flux.exe

PROGRAM: proc_flux.exe
USAGE: proc_flux.exe [finput] [foutputl [fluxmax]l

DESCRIFTION: Integrates flux time series and
calculates transport statistics

INPUT =

finput — Input file name, either =*.txt or =*=.xys file
Both filesz must contain two columns of data.
The first column is time in hours and
the second column is the transport rate in m™3/zec.
The #=#xys file must have a header
"HY¥YS 1 N "Mame' where N iz the numbher of rows.

foutput — Qutput file name

fluxmax — Maximum flux value. Used for determining outliers

OUTPUT =

ASCII file containing the folowing information
In, out, gross and net fluxes in units of
cu m, cu yd, cu ft, co mAday,. cu ydsday.
cu ftrsday, cu mAyr,. cu ydsyr, cu ftoyp

Enter input file name and press enter
or to exit type any text and press enter
Dz~ CIRP~CHS~proc_f lux ~flux.txt

Time Series length: 337
Mumber of outliers: a
Time series length: 7.888 davs
Flux [cu ml [cu msday]
Qin A_2576E+@3 B.3681E+B2
Qout -A.5873E-81 -0.7246E-82
13 B.2577E+@3 B.3681E+B2
B.2576E+A3 B.3680E+B2

——— Finished ——-—
Press Enter to exit

Figure 8.3.9. Example calculation of sediment transport statistics using the
proc_flux.exe from a command prompt. Note the input file name contains
the directory location of the text file.

15. Press enter when the executable is finished. 1f no output file is specified,
the default output file name is Flux_statistics.txt. An example of the
output file is shown in Figure 8.3.10.
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B Flux_statistics.txt - Notepad k g@@

File Edit Format Yew Help

Input file: Flux, txt

Time series name:

Time series length: 337

Wumber of outliers: 0

Time series length: 7.000 days

Flux [cu m] [cu yd] [cu ft] [cu mAday] [cu ydrsday]  [cu ft/day] [cu mAyr] [cu ydAr] [cu frAr]
ain 0.2576E+03 0. 3370E+03 0. B008E+04 0. 3681E+02 0.4814E+02 0.1500E+04 0.1343E+05 0. 1757E+05 0. 4744E+06
Qout -0.5073E-01 -0.6635E-01 -0.179E+01 -0.7246E-02 -0.9478E-02 -0.2559E+00 -0.2645E+01 -0.3459E+01 -0.9341E4+02
Qgross 0.2577E+03 0. 3370E+03 0. 9L00E+04 0. 368BLE+02 0.4815E+02 0.1300E+04 0. 1344E+05 0. 1757E+05 0. 474 5E+06
Qnet 0.2578E+03 0.3389E+03 0. 9097E+04 0. 3880E+02 0.4813E+02 0.1300E+04 0.1343E+05 0.1757E+05 0.4743E+06

Figure 8.3.10. Example output file of proc_flux.exe with sediment transport
statistics.

Eliciting sediment transport fluxes from the CMS can contribute toward a check of
sediment transport. It is important to note that the sediment transport extracted across an
arbitrary arc is not entirely representative of the transport in the greater area. Because the
user specifies the arc manually, there is uncertainty involved in capturing the true
boundaries of transport processes over the region, and should only be used to determine
relative fluxes through areas. Below is an example of calculating the sediment fluxes
through the inlet ebb shoal at Shark River Inlet.

e Arc box around the inlet shoals to capture sediment balance

1. As instructed in the above section describing calculating sediment fluxes
across arcs, here sediment flux transects were chosen along assumed
boundaries of the inlet’s shoal.

2. Create arcs using the Create Feature Arc tool i , similarly to Figure
8.3.3, by making each quantifiable transect (arc) individually, and by
starting the next arc on the end Feature Point of the last arc. This ensures
that the arcs close the loop.

3. After the loop of arcs is closed, go to Feature Objects, and Build Polygons
should be visible to select. If Build Polygons is grayed out, then the arc
lines were not closed. To fix this, zoom in on the connecting Feature
Points to determine which are offset. Move the points closer, highlight
them, and select Feature Objects, Clean, and check Snap Nodes and
Vertices.

4. Sediment transport fluxes can be obtained by following Steps 9 through 15

of the above section (after creating the “ones” time series dataset) for each
individual arc.
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8. Post-processing Results

8.4 Morphology

The results of the CMS calculated morphology change can be visualized several ways,
from three dimensional or planar view of the bathymetry, planar view of the volumetric
erosion and accretion, and with 1-D cross-sections of the time series. All vector and
scalar information can be extracted from points and arcs (and polygons) in SMS. This
section will cover the methodology used to post process time series morphology change

data.

To plot channel infilling in SMS in a graphical format, the results in the solution file need
to be changed from depths (the depth below the datum in which CMS calculates) to
elevations. SMS can plot multiple cross-sections, or arcs, against each other, or through

time.

e Channel Infilling by cross-sections

1.

Load Jan09tel.cmcards (and solution file, if it does not load automatically)
located in the directory Section 8.4 directory

Rt-click on the Time Series window on the left and select “Time Settings”,
and change the time reference from Relative to Absolute

In the Cartesian Grid Module, click Data, Data Calculator, and the Data
Calculator should be selected in the Tools section as shown in Figure 8.4.1

Select the Bathymetry scalar ([i23) dataset; under Time Steps check the Use
all time steps on, and double-click the Bathymetry (highlighted in Figure
8.4.1)

The line under Calculator will display “e:all”, add the multiplication
symbol (*) and negative 1 (-1) as shown in Figure 8.4.1

Change the Output data set name as shown in Figure 8.4.1 so as to
distinguish this dataset from the original Bathymetry output, click
Compute, and after the scalar set appears in the SMS window (Figure
8.4.2), click Done. (Note: values for the contours may need to be adjusted
to view elevation range.)
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'Dataset Toolbox

~Tools

ompare data sets

E| Temporal
ample time steps

i ompute derivative
EI Conversion

Update Available Tools |

—Data Calculator
~Data Sets

=[] 3an09 (CMS-Flow)

[i23 b. Hard Bottom
23 c. Manningsh

ED Unsteady
Rz
&

[i23] g. Concentration

.- [123] j. Water_Elevation

~ Calculatar
I eall*-1
P | m |
=] | ey | mex |
-l e | s [ e |
Add to Expression | Data Set Info... + | 1jx | abs | trunc |

[i23] h. Current_Magnitude
[i23] i. Morphology_Change

~Tirme Steps

2.
3.
4.
5.
[
7.
5.

1990 6:00:00 PM
9. 1/3/1990

10, 1/3/1990 6:00:00 A
11, 1/3/1990 12:00:00 PM
12, 1/3/1990 £:00:00 FM
13. 1/4/1990

14, 1/4/1990 £:00:00 AW
15, 1/4/1990 12:00:00 PM
16, 1/4/1990 £:00:00 PM
17 1/5{19an

W Use all time steps

Oubput data set name: | Morphology(Eh. )|

Help... |

Done

Figure 8.4.1. Data Calculator Options in the Dataset Toolbox.

=-[] 0@ Cartesian Giid Data
B Jan0g

i3 D50

[f23 Hard Bottom

[Z] Depth
= jand
(=[] Unsteady
' [ Bathymetiy
28 Capacity
Concentiation
/23] Cuneni_Magnitude
23] Morphology_Change
. [iz3] Water_Elevation

Time steps:

1711990 1:00:00 A
1711990 2:00:00 A
1711990 3:00:00 A
1711930 4:00:00 A
111930 5:00:00 A
1./1/1990 E:00:00 A
14141930 7:00:00 A
1/1/1990 8:00:00 A
1711990 3:00:00 AM
1711990 10:00:00 A
1711990 17:00:00 AW
1411990 12:00:00 PM
14141990 1:00:00 P
111930 2:00:00 P
111930 2:00:00 P
14141930 4:00:00 P
14141930 5:00:00 P
14141990 E:00:00 PM
14141990 700N PR

=]

et EBE+OY

£ i
(191640.4, 1507254, -8.624707221985) s: -999.0

@ B B2 @

RIS

Figure 8.4.2. Display of calculated bathymetry now converted to
elevations. Note the legend has been modified to display the new

contours.

8 — Page 29



7. Create feature arcs for extracting the time series data by switching to the
EE& bap [ ata

Map Module button + o Map Data L [4D"\ Kault coverage| i ¢y
on default coverage, and select Type, Generic, Observation

8. Click the Create a Feature Arc button i to generate the arcs from
which cross sections will be extracted, and click on one side of the channel
and double-click on the other side to close the arc

9. Click the Select a Feature Arc 5 button and select the generated arc
(Note that there is a direction associated with the arc, which determines
the sideview of the cross section)

10. Rt-click an arc and click on Attributes, and set the color and name(s) of
each arc which are listed together in the Observation Coverage options
(Figure 8.4.3), click OK

 Flus Measurement
Aclive | Trans | Mame Madule | Scalar Data Set |Vect0r Diata Set Feature object type:
= I~ d d he Iarcs VI

Delete |

— Observation Arc:

sion | a0 Delete |
Help... | QK I Cancel |

A

Figure 8.4.3. Observation Coverage attributes.

11. To plot the profiles in SMS, Select Display, Plot Wizard, and Observation
Profile, and select Next

12. Following Figure 8.4.4, under Coverage check one arc (though multiple
can be plotted), under Data set select Specified data set(s) and select the
generated Morphology (Elev.) set only, and under Time step select
Specified time step(s) and check on several times spaced apart by at least
several days to months, click Finish
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13. Rt-click on the plot (Figure 8.4.5) and select view values.., and a table will
appear with all the plotted distance and elevations given in the graph,
(Note this ascii table can be copied and pasted into excel)

Plot Wizard - g‘ep Zof 2

~ Coverag

Coverage: default coverage

Extract profile from: | Model Intersections

~Data set
" Active data set
i+ Specified data setls)

_I Show | Arcs

Ao | anoi |

] Hard Battom

Dl@ ManningsN

- [[Z] Depth

- [ 02

=[] Unsteady

(3 Bathymey
E-D@] Capacity
23 Concentration
D@] Cunent_Magnitude
- [J23 Morphology_Change

Dl@ ‘Water_Elevation

anon |

— Time step
= Active time step
= Specified time stepls]
Shaot
1 v
2 |ml B:00:00 AM
3 T 1A/193012:00:00 P
4 T 14141990 0000 PM
5 | |1/2n1890
6 1241990 B:00:00 AM
7 T 1/2/193012:00:00 PM
& | 1/2/1990 0000 PM
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0 [T 1/3/41390 B:00:00 Ab
T 1/31990120000FM
Tz I HsanssosonoorM v
Alon | Ao |

Help

< Back I Firish I

Cancel |

Figure 8.4.4. Plot Wizard Step 2.
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Figure 8.4.5

. Plotted cross-section.

14. To export the data in different formats, rt-click on the plot, and select
Export/Print for several options to export the graph or data from the graph

(Figure 8.4.6)

15. To add more profiles o
data.. to bring up the o

r time-series, rt-click on the plot, and select Plot
riginal options from Figure 8.4.4.
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Exporting Profile
Export
v EMF " whF O BMP " PNG (" Teut /Data
Export Destination
" ClipBoard
/= Filz Browse [
™ Printer
Export Size
0+ Milimeters " Inches " Points
width: [152400 7 [101600  Milimeters
CPl: (300 - [~ Large Font Cancel

Figure 8.4.6. Data Export Options.

Analysis of cross-sectional area and sediment volume changes are the most common
approaches to quantifying morphologic change. Another method of quantifying change
in a spatial framework is through comparison of the planform aerial change. This method
is useful in delineating active zones of transport, typically based off of the depth of
closure, and can define the upper and lower limits of transport. These results can be used
to interpret bypassing areas or zones, however, determining the bypassing pathways
should not be based off of this analysis alone.

e Planform area changes

1. To filter the morphology dataset for the time periods of interest, i.e. every
month, open the Data Calculator and select Sample time steps under the
Temporal section (Figure 8.4.7).

Dataset Toolbox &l

Taols Sample time steps
—| Math Data Sets

Time Steps

Update Available Tools
Help...

Data Set Info...
Output dataset name: 1Manth_Depth]

Compare datasets oS0 - 526/ 1960 ~
Data Caleulator 5)26/1950 12:00:00 PM
. Tempora Hard ?ottum 5 /27j1980
Sarmple ti Manningsh 5/2711980 12:00:00 PM
SHLIE =1 Depth 5/26/1980
Compute v P ’ 526/ 1950 12:00:00 PM
-1 Conversion =[] 3an03_nonuriform 5)29/1950
Scalar ko Yectar Capacity 5::29#980 12:00:00 P
Vector to Scal : 5/30/1980
df'E[ o to Scalar Concentretion 5/30{1980 12:00:00 PM
=1 Madification Current_Magnituds 5/31/1980
Map activity D35 5/31§1980 12:00:00 PM
Filter
Ds0 6/1/1950 12:00:00 PM
D90 /211960
5 oth 6/2{1980 12:00:00 PM
24 5/3/1960 v
dy_tiscosity
23] Marphal Ch
erpnology hange Set fs Start Set fis End
Water_Elevation
Wave_Height
Wave_Period Sampling Cptions
Wave_Sed_Trans_Onshore Start kime! 1) 11560 12:00:00 AM -~
[$7] Current _velocity
[17] Total_Sediment_Transport Time step: | 30.0 days -
[T7] Wave_Height_vec 3

End time: & 1/1980 12:00:00 AM

[v Inkerpolate times

Sarple

Figure 8.4.7. Sampling time steps from a solution dataset.
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2. Select Depth under Data Sets, change the Output dataset name, and set the
start time and end time to Jan 1 and Jun 1, respectively, with an interval of
30 days. Select Sample. This should produce a Depth timestep
approximately every month.

3. Inorder to map an elevation, the grid must be converted to a scatterset.

¢ Rather than take the time required to convert the entire solution
during this workshop, we have provided this file in the folder (File:
1Month_Depth). (To convert the grid solution file to a scatterset,
select Data|Map to Scatter, and SMS will convert all of your time
series datasets to the scatter module (Figure 8.4.8). This can take
anywhere from minutes to hours, depending on the size of the file
and speed of the processor. Open the provided scatterset.

e Or, delete the Jan09_nonuniform solution datatree so that the main
CMS-Flow datasets and the 1Month_Depth dataset are the only
datasets left. Then select Data|Grid-> Scatter, and SMS will
convert only those datasets.

I -

| SHSW [ stesring Modue J J [
Data Calculator. ..

i3 Marmin - Dty Set Toolbox. ..

(Z] Depih Tidal Analysis »

= [ Jara | N
@ Cy  Switch Current Model...

i Cor )

8 O Vector Options...
3 0 Contour Options. ..
i 05t

@8 09 Film Loop. ..

#2380t Zonal Classification
3 e

Y Grid -> Map

% 5: Grid -> Mesh
B Findcel..
[ 1 Map Elevation...
{12) Wave_Hesght_Vec
7] Wave_Sed_Trans
@ 1Month_Depth
- B MapData =
DD defsul coversge ) "
D mea
= [¥] 3 Annclation Diata

(191303.8, 1503716, -2.429677724838) 5: -990.0
 AEEFOND A e
Click to accept all hanges.

Figure 8.4.8. Converting a solution dataset to a scatter dataset.

4. Create a new map coverage (by right clicking Map Data in the data tree
and selecting New Coverage) for mapping out specified contours over the
time series depth scatterset.
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5. Select the 1Month_Depth Scatterset (Scatter Module should be on) and the
first time stamp (1 Jan), and go to Data|Scatter Contour -> Feature.
Choose an elevation to map (6.0 m), a spacing of the points in the resultant
arc, and select the Map Coverage (‘Area’ in Figure8.4.9) that the arcs are

created in.
F<J514S 11.0 64-bit Development - [untitled.sms] [ [=0[x|
&0 Fie Edt Display Dats Vertices Breskines Triangles Sratter Web Window Help
==Y EEERAE v z 5 Vi v \
B e : 3
§

= [7] Cantesian Grid Data
=1 Jan09_tele
[ 050
[123] Hard Bottora
28 ManningsN o : 4 4
- [Z] Depth ; 3 d
[ 1Manth_Depth : m
= [0 Soatier Data Create Contour Arcs X
=[] 1Month_Depth ot ;
9 050 ontour opfions
[123] Hard Bottom
[ ManningsN
- i3] Depth
12 1Month_Depth
- Map Data
[Z1ED defaul coverage
A Area
=[5 Annotation Data
-[ZHO Layer #1

Cancsl

Time steps:

14141980
143141380
3411980
3/31A1980
4/30/1330
B/3041580

(191531.9, 150824,9, -999,0) s -999.0

HEEF 0N R A [P meew

Figure 8.4.9. Mapping a scatterset contour to the map module.

6. Create another new Map Coverage, select the final timestamp (30 May),
and go to Data|Scatter Contour -> Feature and select the same elevation
(6.0 m) and point spacing. Switch between the two coverages to view the
location of each contour (Figure 8.4.10). Note that the arcs hold a z-
elevation (displayed in Z in the bar above) and are partially visible under
the color-filled scatter data.
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J Fa B |
Figure 8.4.10. Mapped coverage of the 6-m contour at Months 1 and 6
(left and right, respectively).

7. To calculate planform area, each contour in both maps must be closed off
with arcs to create a polygon. Create a polygon in the closed arcs by
selecting Feature Objects|Build Polygons. An example is shown in Figure
8.4.11. Note that the area of the selected polygon is given at the bottom of
the screen in the units the solution file is given in, which is always metric
for the CMS.
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Figure 8.4.11. Le'ft':'Two arcs drawn to connect the 6m co'ntoUr back
to a common point to close off the polygon. Right: Highlighted

polygon after created.

Creating polygons between time series allows for calculation of planform area change at
a morphologic spatial scale through time. The difference shown in the arcs in Figure
8.4.10 is substantial, and can be quantified with the use of arcs and polygons. It is
important to be careful with delineating the morphologic form of interest. If the full area
is being calculated for a feature (an ebb shoal), be sure to be discrete in the size of these
aerial calculations because they may skew the final calculation of the morphologic
feature of interest.

Similarly, volume change can be elicited from polygons created with Feature Arcs. The
next sections describes how to calculate volume change over an arc.

e Calculating volume change from polygons

1. Create a polygon similarly to the above exercise that created arcs to
complete a polygon in the planform area calculations. Choose an area
around the ebb shoal, or within the channel, and draw a single arc
connecting around the feature. Be sure to close the end of the polygon by
letting the mouse automatically hover over the final point (the pointer will
relocate when placed near another feature point).

2. Create a polygon in the closed arcs by selecting Feature Objects|Build
Polygons. An example is shown in Figure 8.4.11.

3. To select the cells within the polygon, next, with the polygon selected, go
to Feature Objects|Select/Delete Data, and select select, Cartisian Grid
Cells, and Inside Polygon (Figure 8.4.12).
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Select / Delete Data

~Select / Delete Data
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Clear All
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Figure 8.4.12. Options for selecting and deleting data from Mesh, Cartesian
Grids, and Scattersets using polygons.

Note, again, that the volume of the selected polygon is given at the bottom of the screen
in the units the solution file is given in, which is always metric (m®) for the CMS. The
volume given in the lower right corner of the window (Figure 8.3.13) are a positive,
negative, and total volume representative of the integrated positive, negative, and
combined volumes from each cell. Therefore, the numbers represent the volume based
off of the dataset’s datum.
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Figure 8.4.13. Selected cells from a polygon. Volume information given in
lower, right corner of screen.
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If depths are selected in the solution datatree as the measurement for volume calculation
(one of the direct outputs in the CMS solution file), then volume is positive and
represents the space that the water occupies. To get the volume of a morphologic feature,
a base level to calculate above must be chosen. Navigation depths or depth of closures
are often used as a base level for a quick estimation of volume. The area of the cells is
also included in basic cell info at the bottom of the screen, as illustrated in Figure 8.4.13.
Multiplying this area by the base level (with respect to the model datum) will produce a
base volume of which the calculated volumes can be subtracted from.
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