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Characterization of Legacy Sediment variations in accretion and carbon dynamics following dam
removal in a recently restored tidal freshwater wetland

Melissa Davis, Christopher Gatens, Dr. Edward Crawford, and Dr. Arif Sikder
Center for Environmental Studies and Rice Rivers Center
Virginia Commonwealth University, Richmond, Virginia
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Introduction L Results Conclusions

Damming disrupts the natural flow of sediment to adjoining water bodies resulting in the Contemporarv Sediment Accretion: _ _
accumulation of Legacy Sediments (LS). While the impact of LS inputs has been well L egacy Sediment Characterization:
investigated in lotic Mid-Atlantic piedmont stream restorations, (i.e. milldam removal 12345), = The relic hydric soil in the non-tidal core and modern hydric solil in the tidal core had a significantly higher average C:N
there have been few studies investigating LS following dam removal in low-gradient coastal plain Molar ratio compared to the LS in the non-tidal core (1-Way Test, ChiSquare Approximation, P>0.0026 and P>0.0005, respectively). = |n milldam impacted, Mid-Atlantic piedmont streams, Legacy Sediment accumulation and
streams. The objectives of this study were to quantify spatial and temporal variations of LS g * Bulk Density was found to be significantly higher in the relic hydric non-tidal than relic hydric tidal soil and higher in non-tidal stream incision increased with proximity to the dam. However, the opposite trend was
characteristics in a low-gradient tidal stream restoration within the lower James River watershed. LS than modern hydric soll in the tidal core (1-Way Test, ChiSquare Approximation, P>0.0006 and P>0.0004, respectively). observed within this low-gradient coastal plain stream?35.

deposition within the recently restored Kimages Creek wetlands and adjacent, unaltered X T = While the increase in carbon accumulation rates from relic soil to modern/LS soil were
wetlands of Harris Creek to investigate current sedimentation processes in a restoration setting. - similar between the tidal and non-tidal cores vertical accretion rates were not. In the non-tidal
el : portion of Kimages Creek, vertical accretion was sevenfold higher in the Legacy Sediments
- " . ' 100 compared to relic hydric soils. However, within the tidal reach, vertical accretion was similar
: ~ ] s : between the relic hydric and modern hydric soil and were comparable to the relic hydric soill
Slte HIStO ry & 100- 8§ 150 1 In the non-tidal core. These findings suggest that in the tidal portion of the stream and
The VCU Rice Rivers Center, located on the lower James River ;’% : % : adjacent wetlands, modern hydrology and sedimentation was not substantially altered from
in Charles City County, Virginia, houses one of the largest wetland and y : =4 G0 pre-impoundment conditions.
! stream restorations in the mid-Atlantic region. Running through the site =1 oo | ;
Is Kimages Creek (KC), which was dammed in 1927 at its confluence - - 3 = |In milldam-impacted streams, the accumulation of LS led to decreased floodplain
with the James River. This resulted in a 70 acre impoundment known Py A | . :3 connectivity through stream incision. Current research suggests removing LS to restore the
as Lake Charles. Prior to damming, the KC basin was a forested tidal - e ' ' 5 i s naturally occurring, buried riparian wetlands®. However, our study suggests that in coastal
freshwater wetland (TFW) that was logged once before the civil war . W P 0 : 2 3 4 5 6 7 8 0 10 2 30 40 50 plain streams impacted by dams, the subsequent LS may be a beneficial sediment source in
and once prior to the dam establishment. In 2007, the dam was partially o~ 3% Organi mater | Organio matter and carbon (%) ~e— % Organic matter | Organic matter and carbon (%) t" stream reaches that are expected to be impacted by rising sea levels.
- X 2 2 @ %Totalcabpon | 00| e % Total carbon
ggﬁ;ﬁi?czggr:n 2010 a portion of the dam was removed, [ESLUIG fideA Ty ._ e ’ Figure 3 & 4. Non-tidal and tidal sediment core characterization with sediment organic content, percent carbon, and 4C dates. Contemporarv Sedlment ACCI’etlon:
’ Flgure 2 KC Wetland Restoratlon 500 8

Zg‘:ﬁ liéﬁg;t)rg;;bg‘c a = Inthe tidal reaches of Kimages and Harris Creek, the greatest rates of sediment deposition

400 - y1) across tidal and non- occurred closest to creek banks indicating tidal influence and duration of inundation are
tidal sediment cores strong drivers in sediment deposition at this site.

Pre-restoration (upper left):
Impoundment of KC, former Lake
Charles. Transitional (upper right):
# ‘ partial breach in 2007. Restored
o = (lower): partial removal of dam in

(o))
1

— o A R WS I 300 A 1 Tidal Modern Hydric Soil
2010. By Bukaveckas & Wood, ] Tidal Relic Hydric Soil Y- - - ™ : : :
Figure 1. Historic Kimages Creek post first clear cutting circa 1864 2014 y &3 Non-tidal LS Hydric Soi = The significantly lower rates of sedimentation deposition in the non-tidal reach of Kimages

S No-bdalielic Hydiic Sol may result from a lack of tidal subsidies and higher stream incision compared to the tidal

Vertical accretion (mm y-1)
N N

Carbon accumulation (g C m-2 y-1)

o — | 200 - .
= - w . . . J transects, leading to decreased floodplain connectivity.
. 4 Figure 6. (right) Vertical = |
M et h 0) d S 100 - accretion rates (mm y1)
_ . . o ' : : : : : - . :
Legacy Sediment Characterization: e =< ldang nop-fee . While _s_edlmentatlon rates were _hl_ghl_y variable within and across transe_cts,_ sedlment
= Using the standard penetration test coupled with current stratigraphic | 5 | ' ' ; | , . | deposition tended to follow precipitation patterns closely. The largest spike in sediment
informa’[ion of the site, 2 Series of 5,, 10,, 15,, and 20, 2” diameter PVC T A '~ Tidal Modern  Tidal Relic  Non-tidal LS Non-tidal Relic Tidal Modern  Tidal Relic  Non-tidal LS Non-tidal Relic [ deposition_ across a” tra_nsects .occurred during May 2016 WhICh Corresponds to the wettest
‘ 4 Table 1. Current channel morphometry metrics of Kimages Creek. Values for Width-depth ratio are means (+1 std. error) month during the sampling period.

were driven down until the bedrock layer was located.
= The cores were split and segmented into 10 cm intervals. Each interval |
was analyzed for bulk density, organic and carbon content, texture, and color. &g

ot Ratio ChannelGraient ) wict/epth Rt ST o R T AT

- : Non-tidal reach 1.03 0.6503 3.4634 (2.38)
= Atotal of 5 samples (2 from the non-tidal core and 3 for the tidal core)
were sent for radiocarbon dating at the University of Georgia Isotope Lab. 1 W&l—oz&w - Future Wor K
Contemporary Sediment Contemporary Sediment Accretion: % = Cesium®? dating will be conducted within Kimages Creek and Harris Creek to gain a more

accurate estimate of decadal scale vertical accretion and carbon accumulation.
= Surface Elevation Tables (SETs) and feldspar marker horizons were established in both sites
and in two neighboring tidal freshwater forested wetlands to understand how
accretion/erosion/subsidence within Kimages Creek restoration site compares to natural
reference wetlands in the lower James River watershed.

=  Sediment deposition rates (g sediment m2 d-1) were highest in block A and generally decreased to block C across all
transects in Harris Creek and Kimages Creek tidal reach.

= Average sedimentation rates were significantly lower in the Kimages Creek non-tidal transects compared to Kimages Creek
tidal and Harris Creek transects (ANOVA, P<1x10-/, Tukey’s HSD, P<0.0001).

Accretion: .~ t D
= 5 Sediment collection tile (SCT) | ' o
transects were established spanning
elevational and tidal to non-tidal

"™ Gradients in Kimages Creek along with

SCTs & Soil Cores
Tidal Core
Harnis Creek A (HCA)

&
]
B Mg oD o Harri B Horis Crook B (HCB) = Measures of sediment deposition rates using SCTs revealed considerable spatial variation within transects (with coefficients )
Ul 2 3 il 20 [eielileeliing, Elils Rl e of variation ranging between 114 to 132%, 87 to 144%, and 148 to 224% across Harris Creek, Kimages Creek tidal reach =y L W ? Foa . T e -
Creek (reference site) wetlands. B Kimages Greek Tidal A (KCA) _ _ _
- . . Kimages Creek Tidal B (KCB) and Kimages Creek non-tidal reach, respectively).
= Tiles were arranged in a block S| Kinages Cresk i & e AC kn OWl ed g ements
| design (block A being closest to creek B Kimages Creek Non-Tidal A (NTA) 5 , ,
banks-block C cl tt land d Nifiagos S fooichian-Tidel. 5 NTE) g Total Annual Vertical Accertion . . . | |
anks-block C closest to upland) an Nor-tidal Core £ We would like to thank The Nature Conservancy, American Rivers Organization and NOAA for

were sampled bi-monthly for the . help bringing this restoration project to fruition. We would like to thank Jennifer Ciminelli, Will
growing season and monthly thereaiter. ‘. Shuart, Dr. Steve Mclninch, Dr. Scott Neubauer, Ron Lopez, and all of the undergraduate
= Simultaneously, shallow surface T o | | B4 o volunteers that assisted with the vigorous field work and data collection. Furthermore, we would
cores were taken to calculate bulk : 5 sl B like to also acknowledge the University of Georgia Isotope Lab for conducting our radiocarbon
density while tile samples were : 2, _— e dating. Lastly, we would like to extend a special thank you to the VCU Rice Rivers Center
analyzed for organlc matter content. R A S S S — | 3 research grant program that made much of this research feasible.
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