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ABSTRACT

  Thirteen SET sites have been constructed in the ACE Basin NERR by the SCDNR-
Geological Survey as part of a larger SET array. The project addresses the question 
of whether the marsh is, or is not, maintaining itself against the possible effects of 
relative sea-level change by measuring net elevation changes of estuarine sediment 
surfaces. SET construction began in 1997 and geodetic leveling was first conducted 
in 1998. Leveling of stations (second order GDS elevations) every 5 years defines 
possible vertical movements with an elevation sphere of uncertainty of < 2 cm. Data 
have been collected at least every quarter since installation. Some stations have suf-
fered damage or loss from creek migration (slope failure/slump), wave action 
(surface scour from open-water waves), or wildlife (alligator wallows,
raccoons, mink, wading birds, unbalanced researchers). 10 years of data allow filter-
ing of seasonal vegetation growth and decay, effects of drought, and comparison 
between sites located in differing sediment compositions, tidal inundation 
periods/elevations, vegetation densities, storm events, and distances to open 
water.
 Extremes in surface elevation changes are represented by stations 5 (Bennett’s 
Point) and 8 (Williman Island South). Station 5 only has 5 mm of elevation gain over 
ten years whereas Station 8 has 80 mm of elevation gain versus SET pipe length 
over the same length of time. Differences may be the result of Station 5 being on a 
creek levee at the upper range of Spartina alterniflora and incurs grass die-off 
during droughts as compared to Station 8 being in the lower Spartina alterniflora 
tidal range with a long inundation time. No significant vertical elevation changes, 
outside the sphere of uncertainty, have been record on any stations to date.

Study Area
Figure 1.  SET Stations with Geology Map of the Study Area

Figure 3.

History

 In 1997, the South Carolina Geological 
Survey began a SET Projects in the ACE 
Basin. The acronym project title refers to 
the measuring instrument that originally 
was called a Sediment Erosion Table and 
subsequently has been re-named Sedi-
ment Elevation Table. The concept behind 
our work was to determine what effects 
relative sea change might be having on 
the southern coast of South Carolina. To 
analyze those effects SETS were installed 
for geodetic control to check deep vertical 
movement (subsidence or uplift) and then 
measured to determine the net change of 
the sediment surface elevation, referenced 
to that fixed control.

 The ACE Basin NERR was chosen as 
the location to start the project because it 
is located in an area of Pleistocene down-
warp (Figure 1). At the start of the project, 
Florida Geological Survey personnel 
shared their knowledge of Gulf Coast SETS 
and on methods of station construction. 
The first SET’s installed were of that design 
(Figure 2). Most station sites chosen were 
in the intertidal zone with one in the storm 
tidal range. Since the installation of the 
first stations, more have been added, 
bringing the total to sixteen. All of the sta-
tions have been geodetically surveyed 
with the oldest locations having been 
measured now three times. Presently our 
station locations extend along the coast 
from Hunting Island in Beaufort County to 
Capers Island in Charleston County.

 Data collection started in 1998. At that 
time, the first geodetic survey measured 
the stations to establish horizontal and 
vertical controls. Those measurements are 
being compared to later geodetic mea-
surements to determine any horizontal or 
deep vertical movement. This comparison 
is critical to aid interpretation of the col-
lected SET data. After ten years use, how-
ever, the first stations have reached their 
design life as corrosion has begun to col-
lapse the anchoring irrigation pipe. The 
failed stations were replaced progressively 
with stainless steel rod-supported Rod-SET. 
The more robust construction materials 
will give the stations a longer-life span. In 
this study, only the oldest stations (1-10) 
are used for analysis.

Technique

 At each station site, a receiver pipe, or 
rod, is driven into the marsh until it refuses 
deeper penetration (Figure 3). Anchoring 
depth varies at each site as a result of dif-
fering subsurface sediment compositions. 
After the pipe, or rod, is anchored, a re-
ceiver is installed that has a set of ma-
chined notches the SET locks into. When 
the SET instrument is locked into the re-
ceiver, it is leveled, and then nine pins are 
lowered through the receiver table to the 
sediment surface. The excess length of 
each pin above the receiver table is mea-
sured and recorded (Station 6). This pro-
cess is repeated in each of the quadrants 

for a total of thirty-six data points. The 
change in pin length over time is the ana-
lytical information. If pin length increases, 
the sediment surface is rising compared to 
the receiver. If pin length decreases, how-
ever, then the sediment surface is going 
down. As elevation change is calculated 
(SET data graphs), any recognized trends 
are compared to, and possibly modified by, 
the geodetic data. The geodetic data help 
identify whether deeper movements are 
influencing identified uplift or subsidence. 

Analyzing the Data
 
Study Duration
 Long-term data sets are needed to 
properly analyze movement . The mea-
surements are in millimeters. This scale 
allows for a 0.5 mm precision. However, 
user error is up to 4 mm in each set up and 
leveling the SET. Also, in the estuarine sys-
tems, seasonal growth changes in the 
plant communities inflate, during the 
growing season, and deflate, during the 
dead season, surface elevation. The best 
geodetic sphere of uncertainty is < 2cm. 
Measured data sets, therefore, need to 
span several years, and many rounds of 
data collection, to filter out these issues. 
We have selected five years as a minimum 
time-filter length.

Data Collection Rates
 After a one-year hiatus to allow each 
station to recover from construction 
damage, the first stations were measured 
every two months. Measurements were 
scheduled to be made during the full-
moon  tide cycle each time to allow collec-
tion of data to be under the same hydro-
logical conditions. After several years, it 
was determined that quarterly (three 
month) measurements would suffice. A 
geodetic elevation measurement is taken 
on a five-year schedule.

Issues, Problems, Damage

 Few issues have developed that hinder 
the collection of data. Many of the stations 
are installed within 10 m of estuarine 
creek edges and as a result a few stations 
have suffered from slope failure/slump. 
Changes in creek migration patterns and 
flow rates have undercut the sediment sur-
face and collapsed the station, or totally re-
moved it. Other stations are in locations 
that, over time, have become exposed to 
strong wave action while submerged. The 
strong wave action has scoured the sedi-
ment surface and lowered the elevations 
without killing off the plant communities.

 Protective piers are installed on two 
sides of the receiver to distribute the 
researcher’s weight to prevent sediment 
surface flexure while measurements are 
being made. These piers appeal to local 
wildlife. Raccoons and birds will use them 
for perches during basic functions. Alliga-
tors sometimes will wallow in the measur-
ing area between the piers. The entrance, 
exit, and frolicking of animals often          

creates a path, as well as lowers plant den-
sity and elevation. Occasionally, a re-
searcher will lose his/her balance while 
measuring the station and fall into the 
measuring area.

 Failure of stations also resulted in dis-
ruption of measuring areas. The time of 
failure was not predicable, and a station 
would often fail as the SET instrument was 
installed and its weight added to the pipe. 
With failure of the pipe, the instrument 
and entire above ground setup would fall 
abruptly into the measuring area.

 An unexpected problem was the desic-
cation of some sites. Droughts in 2001-
2003 and 2008-2009 killed the vegetation 
adjacent to Station 5. The station is situ-
ated in the uppermost tidal range for Spar-
tina alterniflora and is not flooded during 
neap tides. During the droughts, tidal 
flooding added salt water to the sedi-
ments, some of which evaporated. Over 
time, without fresh rainwater to flush it 
out, the salt built up and killed the vegeta-
tion. When normal rains returned, the veg-
etation returned. During drought, the 
sediment surface also desiccates; desicca-
tion lowers surface elevation and forms 
mud cracks. Increased oxygen that aids in 
organic sediment decomposition is intro-
duced through the cracks; resulting sedi-
ment decomposition can lower surface 
elevations. The loss of the vegetation root 
systems also can lower surface elevation. 
The combined effects of these drought-
related processes are noted in the data.

 Each station is situated in a slightly dif-
ferent environment as a result of eleva-
tion, vegetation density, vegetation type, 
tidal range, proximity to open water, stra-
tigraphy, and inundation period. Environ-
mental differences between the stations 
produce unique comparisons.
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