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Juniper Bayis:

•• A drained, farmed wetlandA drained, farmed wetland

•• Located in Located in Robeson Robeson Co.Co.

•• About 5 miles (About 5 miles (8 km8 km) S.E. of ) S.E. of 
LumbertonLumberton

•• A A Carolina BayCarolina Baywetland that wetland that 
NCDOT will restoreNCDOT will restore

Robeson County, North Carolina

Site
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1.6 km
(1 mile)

Juniper Bay
is not a ‘bay”

2.4 km
(1.5 miles)

Edge of bay
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Juniper Baycont’d. 
•• NCSU was asked to conduct research NCSU was asked to conduct research 

during the restoration process.during the restoration process.

•• Research is Research is relatedrelatedto the restoration to the restoration 
activity.activity.

•• The work will continue through 2006The work will continue through 2006.

Outline

�� Introduction to WetlandsIntroduction to Wetlands

�� Review Restoration StrategyReview Restoration Strategy

�� Juniper Bay Research OverviewJuniper Bay Research Overview
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Outline

�� Introduction to WetlandsIntroduction to Wetlands

�� Review Restoration StrategyReview Restoration Strategy

�� Juniper Bay Research OverviewJuniper Bay Research Overview

Wetlands

Identified on the basis of Identified on the basis of 
three three parametersparameters::

••HydrologyHydrology

••SoilsSoils

••VegetationVegetation
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Hydrology

••Duration and depth to                      Duration and depth to                      
saturation (high water table)saturation (high water table), , 

oror

••Duration of Duration of inundationinundation

Hydrology RequirementsHydrology Requirements

•• Saturation  Saturation  must occur for at least must occur for at least 
5% of the growing season5% of the growing season(about 14 (about 14 
days in NC)days in NC)

•• Must occur within Must occur within 30 cm (12 in.) of the 30 cm (12 in.) of the 
surfacesurface

•• Must occur in at least Must occur in at least 5 years out of 105 years out of 10
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Hydric
Soil

cm

Soils

•• HydricHydric soilssoilshave been have been saturated saturated 
and anaerobicand anaerobicfor part of the for part of the 
growing season.growing season.

•• Identified by Identified by color color 
characteristicscharacteristicsthat are rigidly that are rigidly 
defineddefined
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Vegetation

•• Plants must be adapted to survive Plants must be adapted to survive 
in in anaerobic and saturatedanaerobic and saturatedsoils.soils.

•• Specific speciesSpecific speciesof wetland of wetland 

plants have been identified.plants have been identified.

Wetland Functions

Wetlands provide benefits to Wetlands provide benefits to 
society:society:

•• Flood ControlFlood Control

•• Wildlife HabitatWildlife Habitat

•• Water qualityWater qualityimprovementimprovement
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Wetland Protection
•• Wetlands are Wetlands are protectedprotectedby state by state 

and federal laws.and federal laws.

•• Wetlands destroyed must be Wetlands destroyed must be 
replaced.replaced.

•• Replacement may include Replacement may include 
restoring restoring drained wetlandsdrained wetlands..

Wetland Restoration

•• Permits issued for road Permits issued for road 
construction may require restored construction may require restored 
wetlands have a certain wetlands have a certain acreageacreage
and and “quality”.“quality”.
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•• Restored acreage may have to Restored acreage may have to 
exceed acreage destroyedexceed acreage destroyed..

•• Quality requirements Quality requirements differdiffer
among regulatory agencies.among regulatory agencies.

Outline

�� Review Carolina BaysReview Carolina Bays

�� Introduction to wetlandsIntroduction to wetlands

�� Review Restoration StrategyReview Restoration Strategy

�� Juniper Bay Research OverviewJuniper Bay Research Overview
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Restoration Strategy for Research

• Hydrology
a.  a.  Evaluate site’s ability to Evaluate site’s ability to hold waterhold water..

b.  Identify potential sites of b.  Identify potential sites of leakageleakage..

c.  c.  DetermineDetermineexistingexistinghydrology, hydrology, calibratecalibrate
hydrologic model, and compute hydrologic model, and compute water water 
balance.balance.

Restoration Strategy for Research

•• Hydrology Hydrology cont’dcont’d..

d.  Develop monitoring program to evaluate d.  Develop monitoring program to evaluate 
success of restoration success of restoration in JBin JB andand

surrounding area.surrounding area.
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Restoration Strategy for Research

• Soils
a.  CompareCompareexistingexisting ((agag--affected) soil affected) soil 

properties to properties to natural areasnatural areas..

b.  Determine if b.  Determine if soil modificationssoil modificationsneeded to needed to 
support natural plant community.support natural plant community.

c.  Develop c.  Develop monitoring programmonitoring program((redoxredox) to ) to 
assess assess hydric hydric soil conditions.soil conditions.

Restoration Strategy for Research

•• PlantsPlants
a.  Identify naturalnatural plant communities
b.  Determine ability of natural plants to grow 

in existing JB soilsexisting JB soils..
c.  Identify management methods that will 

enhanceenhanceand speedspeedplant development.
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Outline

�� Introduction to wetlandsIntroduction to wetlands

�� Review Carolina BaysReview Carolina Bays

�� Review Restoration StrategyReview Restoration Strategy

�� Juniper Bay Research OverviewJuniper Bay Research Overview

Juniper Bay Today

•• The 750The 750--acre bay is still ditched acre bay is still ditched 
and is draining.and is draining.

•• Cropping stopped in 2000, and Cropping stopped in 2000, and 
weeds grow today.weeds grow today.

•• Ditches drain to one outlet.Ditches drain to one outlet.
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DOT’s Restoration Plan

•• Ditches will be filled in 2002.Ditches will be filled in 2002.

•• Vegetation will be planted by DOT.Vegetation will be planted by DOT.

•• The plan will be reviewed by NCSU.The plan will be reviewed by NCSU.

NCSU’s Research

Categories

••HydrologyHydrology

••SoilsSoils

••VegetationVegetation

••Other studies of interestOther studies of interest
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Hydrology Objective 1

•• Determine if the restored bay Determine if the restored bay 
will will leak.leak.

Are Are clay layersclay layerspresent to hold present to hold 
water?water?

Before Drainage

Clay layer

Bay

High water tableHigh water table
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Drainage Effects

ditch

Low water table in bay and 
surrounding area

Clay layer 
(continuous)

Hydrology Restored

Bay’s ditches plugged

slow slow

Ground water flow
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Hydrology Not Restored
“Leaking" Bay

“ Broken” Clay Layer

Low water table

Coring to determine Stratigraphy 

•• 17 cores 17 cores 
inside the bay inside the bay 

•• 4 cores on the 4 cores on the 
rim rim 

•• 8 cores 8 cores 
outside the outside the 
baybay

•• To depths of 6 To depths of 6 
or 15mor 15m
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Bay Stratigraphy

Transect

Key

Sands

Clays

Core 
elevation

(m)
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Clayey Formation at 6 to 10 m

Layers of clay and sand at 0 to 6 m
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Oxidized
Clay Layer

cm
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Clayey Formation at 6 to 10 m

Layers of clay and sand at 0 to 6 m
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Hydrology Objective 2

• Determine if the “shallow”“shallow” clay 
layers are continuous across 
bay.

Ground Penetrating Radar

AntennaRecorder
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“Fieldlet”

Portion of field having 
ditches on all sides

ditches

Crest Near Ditch

Fieldlet Parts
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GPR Survey LocationsGPR Survey Locations

Crest of field

Along ditch

JB Objectives: GPR

•• GPR used to delineate JB GPR used to delineate JB 
stratigraphystratigraphy

•• Characterize clay layers’ (Characterize clay layers’ (aquitardsaquitards))
––depthdepth
––thicknessthickness
––continuitycontinuity

““ Connect the dots” provided by core Connect the dots” provided by core 
sampling”sampling”
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JB Core 4 Cross-fieldlet GPR
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Hydrology Objective 3

•• DDetermine the etermine the water table water table 
fluctuationsfluctuations (depth and frequency) (depth and frequency) 
both both beforebeforeand and afterafter ditches are ditches are 
plugged.plugged.

•• MMonitor onitor deep ground waterdeep ground water
movements within and outside Bay.movements within and outside Bay.

•• MMeasure rainfall,easure rainfall, precipprecip., Et daily., Et daily

• 21 wells  
insidethe bay 

• 11 wells 
outsidethe 
bay

• One or two 
piezometersat 
12 points 
inside bay to 
10 m.

Ground Water  Monitoring Locations
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Hydrology Objective 4

•• Model Model shallow water tableshallow water table
movement within Bay using movement within Bay using 
DRAINMODDRAINMOD .

Hydrology Objective 5

Estimate Estimate water balancewater balancefor Bay for Bay 
both before and after restoration.both before and after restoration.
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Water Balance

DDDD Storage

Wetland

Groundwater 
Inflow

Groundwater
Outflow

Surface
Outflow

Precip. ET

Drainage outlet

Weather stationDitch water flow
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Dual
V-Notch
Weirs Orville

WilburOrville

Beaver fence

Water Balance for November-
December, 2001

Outputs

• Evapotranspiration:            0
• Surface Outflow:    16 cm
• Groundwater outflow:         ?    

_______________________
• Total Output:                 16 cm

Inputs

• Precipitation:              7 cm
• Groundwater inflow:       ?
_________________________
• Total Input:                7 cm
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Water Balance for November-December, 
2001

• Measured Average 
Water Table Change
over site:

• November 1:      79 cm bg
• December 31:    74 cm bg
_____________________
• Water table rose: +5 cm

��� � Storage: +3 cm*
*Assume porosity is 0.50

• ComputedStorage 
Change:

• Inputs-Outputs =
• 7 cm - 16 cm = -9 cm

• Equivalent

��� � Storage: -9 cm

Water Balance “Conclusion”

• Groundwater inputs may begreater
than expected.
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Hydrology Objective 6

•• Monitor groundwater Monitor groundwater inflowinflow//leakageleakage
across entire bay and surrounding across entire bay and surrounding 
area using remote sensing techniques.area using remote sensing techniques.

Landscape setting
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Juniper Bay Elevations
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Inflow ?
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JO20
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Aquifer 1

Aquifer 3

Aquifer 2

Top of Black Creek

Recharge, Flowthrough and 
Discharge Wetlands

Juniper Bay
Before

Restoration

Juniper Bay 
After

Restoration

Recharge 
Wetland G I<GO

Discharge 
Wetland G I>GO

Flow through 
Wetland G I=GO
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Soils and Sediments

Basic Objectives:Basic Objectives:

•• Determine Determine changeschangesin soils in soils 
caused by caused by drainage and drainage and 
agricultureagriculture..

•• Monitor Monitor soil processes and soil processes and 
propertiespropertiesfollowing restorationfollowing restoration

Changes Expected from Agriculture

•• Higher fertility (P)Higher fertility (P)

•• Less acidityLess acidity

•• More compactMore compact

•• Less organic matterLess organic matter
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1993
Fully Drained

Soils Methods

•• Soils map was Soils map was updatedupdatedby by 
DOT.DOT.

•• Physical, chemical and Physical, chemical and 
mineralogicalmineralogicalproperties were properties were 
determined on selected core determined on selected core 
samples. samples. 
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Soils Methods

•• Soils were described and sampled in Soils were described and sampled in 
fields with wells at two positions: fields with wells at two positions: 
crest and near ditchcrest and near ditch.  .  

•• Soil chemical and physical properties Soil chemical and physical properties 

determined to 1 m.determined to 1 m.

Sandy rim
Entisols, Ultisols

Organic
soils

Mineral
soils

Soils Map

Spodosols
Ultisols

Haplo-
saprists



39

“Mineral” Soil

Spodosol

Organic Soil

Strong granular 
structure 
develops when 
massive “colloidal”
muck is tilled and 
oxidized
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Vegetation ObjectivesObjectives

•• Identify Identify target vegetationtarget vegetationand and 

identify its soil/hydrologic needs.identify its soil/hydrologic needs.

•• Experiment with selected Experiment with selected plantplant--

soil managementsoil managementcombinations.combinations.
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Objectives for Reference Sites

•• HydrologyHydrologyand soil propertiessoil propertieswill be 
characterized in 3 3 reference sites having 

natural vegetationnatural vegetation.

• Juniper Bay’s restored hydrologyhydrologyand 

vegetationvegetationwill be similar to the 
reference bays’.

Reference Bays 
in Bladen County, 
NC

Britta Britta Lees and Jon Lees and Jon StuckyStucky
Botany DepartmentBotany Department
NC State UniversityNC State University
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Juniper Bay

Reference Bay Locations

Juniper Bay

Reference Bays

Reference Bay Soils

• Soil Categories based on thickness of organic soil 
material, not soil series
–Mineral soil (<20 cm organic soil material)*

–Histic epipedon(20-41 cm OSM)*

–Shallow organic soil(41-76 cm OSM)*

–Deep organic soil(>76 cm OSM)

*Juniper Bay has these soils
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Vegetation Assessment
• Shrub Plots

– 5 X 5 meter plots
– Species identification
– Vegetation structure/density
– Canopy cover

• Tree Plots
– 1/10 hectare, circular
– Species identification
– DBH
– Age 

Soil Assessment

• Profile descriptions
• Analyses:

– Nutrient Content
– Texture
– Organic Matter Percentage
– Cation Exchange Capacity
– pH
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Causeway 
Bay Transect

Causeway Bay @ 200’ – 0” muck
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Other Studies

••CCarolina Bay Formationarolina Bay Formation

••CCarbon Sequestrationarbon Sequestration

••SSoil coloroil color--water table water table 
relationshipsrelationships

Summary of Benefits to DOT
and NCSU 

•• DOT needs DOT needs permitspermitsfor road for road 
construction, and must secure construction, and must secure 
creditscreditsfor wetland restoration.for wetland restoration.

• This research will:



47

• Identify site factorssite factorsthat may 
decreasedecreasethe wetland acreage or 
quality that can be restored.

• Document wetland functionswetland functions
that have been restored.

•• ShowShowwhat the wetland will look 
like when fully restoredfully restored.

•• Develop Develop site assessment toolssite assessment toolsfor for 
selecting sites for future selecting sites for future 
restoration.restoration.

•• TrainTrain DOT personnelDOT personneland and 
NCSU faculty and studentsNCSU faculty and studentsin in 
restoration practices that modify restoration practices that modify 
hydrology, soils, and vegetationhydrology, soils, and vegetation.
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