
1

Methodology to Assess Soil, 
Hydrologic, and Site Parameters that 

Affect Wetland Restoration

Mike Vepraskas
and Alex Adams

Overview

• Review final report for phase 1:
Major conclusions and 
recommendations

• Discuss plans for next 3 years
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Sand rims

Carolina Bays are oval depressions 
with sand rims

Drainage ditches

Juniper Bay has been draining for about 30 
years.

Perimeter ditch
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Review of Principal 
Conclusions

• Sediments
• Vegetation
• Soil properties

• Radar survey
• Ground water flow
• Water Balance
• DRAINMOD results
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Clayey Formation 20 ft. beneath
Bay and Upland

Upper clay layer ranges from
20 in. to 10 ft. across site
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Bottom Clay Layer

Perimeter ditch Main outflow ditchLateral ditch

“Middle” Clay Layer

8 - 10 ft
10 - 12 ft

Aquifer 1

Aquifer 2

Aquifer 3- below bay floor

Simplification of Sediments

Three Carolina Bays in 
Bladen County, 
were used for reference 
areas
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Vegetation at Reference Bays

4 ft.
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Vegetation at Reference Bays

Soil not found in Juniper Bay

Recommended
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= Shallow Organic

= Mineral
= Histic

Pond Pine Woodland

Recommended Planting for JB

Pond Pine Woodland

Shrubs
• Gall berry
• Fetterbush
• High Bush 

Blueberry

Trees
• Pond Pine
• Red Maple
• Atlantic White 

Cedar
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Soil Properties

• Chemicals have 
been applied for 30 
years at JB

• Upper 16 in. 
contains 7x more
nutrients than 
reference bay soils
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Subsidence

Surface of organic soils 
has subsided by 2 ft.
due to burning, 
oxidation, and 
settling.

Original water table 
may have been 2 ft. 
above present 
surface

2 ft.
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Bottom Clay Layer

Perimeter ditch Main outflow ditchLateral ditch

“Middle” Clay Layer

8 - 10 ft Aquifer 1

Aquifer 2

Aquifer 3- below bay floor

Ground Penetrating Radar Results

Main ditch penetrates into lower aquifer

Ground Penetrating Radar Results

Main ditch penetrated
May leak, 

or let ground
water in
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No Clay Layer in SE Corner to 
depth of 15 ft.

8 acres
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Ground Water Gradients

34 m

40 m

36 m
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34 m

40 m

36 m

Inflow
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34 m

40 m

36 m

Leakage

Bottom Clay Layer

Perimeter ditch Main outflow ditchLateral ditch

“Middle” Clay Layer

8 - 10 ft
10 - 12 ft

Aquifer 1

Aquifer 2

Aquifer 3- below bay floor

Ground water flow
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Water Budget
• Summary of water inputs and 

outputs into a wetland
• Useful to assess impacts of 

wetland restoration on 
hydrology of the  surrounding 
area

Water Budget Components

DDDD Storage

Wetland

Groundwater 
Inflow

Groundwater
Outflow

Surface
Outflow

Precip. ET
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Water Balance for Juniper Bay Today (Feb. to Feb.)

DStorage
0.2 in.

Wetland

Groundwater 
Inflow-Outflow
22 in. (35%)

Surface
Outflow
29 in.

Precip.
40 in.

Et
33 in.

Bottom Clay Layer

Perimeter ditch Main outflow ditchLateral ditch

“Middle” Clay Layer

Aquifer 1

Aquifer 2

Aquifer 3- below bay floor

Connections between aquifers
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DRAINMOD SIMULATIONS

Assuming that groundwater inflow did 
not affect water table levels, then:

Ditches will have to be plugged , 
crowns removed and surface storage 
increased to exceed 1 in. to meet 
hydrology target.

Crown

Fieldlet Parts-Prerestoration
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Fieldlet Parts-Post-restoration

Surface storage

Ditches filled
or plugged

Recommendations

1. Maintain perimeter ditch to prevent 
flooding site when field ditches 
plugged.

2. If crowns removed, keep topsoil at 
surface.

3. Prepare for possible excess loss of 
nutrients (P) when hydrology 
restored.
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Recommendations

1. Maintain perimeter ditch to prevent 
flooding site when field ditches 
plugged.

2. If crowns removed, keep topsoil at 
surface.

3. Prepare for possible excess loss of 
nutrients (P) when hydrology 
restored.

Phase 2

Review current plans for continuing 
research on:

• Hydrology, 
• Soils, and 

• Plants
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Hydrology Research

1. Verify impact that ground 
water inflow has on JB 
hydrology.

Water budget will be improved 
by evaluating Et losses 
directly

Hydrology Research

2. Improve/test DRAINMOD 
simulation results for 
meeting target hydrology.
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Soils Research

1. Determine effects of restored 
hydrology on quality of 
ground and surface water.
Expect P concentrations to 

increase once hydrology 
restored

Soils Research

2. Experiment with different soil 
treatments that will enhance 
growth of wetland plants.
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Soils Research

3. Continue radar work to 
complete map of near-
surface clay layers and 
potential “holes”.

Extensive data have already 
been collected.

Clay (white)

Sand (purple)

Radar Images
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Plant Research

1. Determine optimum 
hydrology needed to support 
pond pine woodland, high 
pocosin, and bay forest 
communities.

Work has begun in reference 
bays using DRAINMOD.

Plant Research

2. Determine optimum duration 
of anaerobic conditions for 
growth of wetland plants.

Work has begun in the green-
house and reference bays.
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Why does Pond Pine grow best in 
mineral soil but not deep organic 

soil?

Are deep organic soils 
saturated too long, or
anaerobic too long?

Plant Research

3. Determine optimum planting 
scheme for restoring shrub 
plants in JB.

Work will continue if feasible.
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Shrub Research

• Planting of shrubs as done 
last year was unsuccessful.

• Topsoil treatments may need 
to be on beds to promote 
growth.  Weed control may 
be necessary.

EXCAVATION; 10/14/02
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50 cu. 50 cu. ydsyds .; 5 .; 5 
truckloads; upper 8 truckloads; upper 8 ––
10” of soil containing 10” of soil containing 
rhizomesrhizomes

excavation took 4 excavation took 4 
–– 5 hrs.5 hrs.
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PepperbushPepperbush

LoblollyLoblolly BayBay

FetterbushFetterbush

Red BayRed Bay

Swamp Black Swamp Black 
GumGum
moderate amount of red moderate amount of red 
maple; not most abundant maple; not most abundant 
speciesspecies

Minimal growth after 1 year
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Looks good, but mostly weeds

Summary

Research for phase 2 will continue 
some work begun in phase 1, but 
with more emphasis on 
vegetation.

Emphasis will also be placed on 
hydrology to determine impact of 
ditch plugging.
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Summary

• Data collected and analyzed to 
date may be the most extensive 
for a Carolina Bay yet assembled.

• Research opportunities were 
great for students—all five who 
will graduate by Dec. have jobs.

Carolina Bays

N

The NCSU Juniper Bay research
group thanks the NCDOT for 

funding this research.


