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Saprolite – Highly weathered 
parent material, often bears relict 
features such as primary rock 
textures.

Transition Zone – Weathering zone 
between saprolite and bedrock, 
generally more transmissive than 
the overlying saprolite zone. 

Fractured Bedrock – Igneous or 
metamorphic rocks.  Groundwater 
is transmitted to discharge areas or 
wells via fracture network.  Highly 
transmissive, but little storage.  
Connectivity to overlying regolith 
determines available water.

Regolith –
Unconsolidated 
material, soil, 
saprolite, and 
transition zone.

Overview of the Piedmont 
Aquifer System
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Map prepared by the North Carolina 
Department of Environment and Natural Resouces, 
Division of Water Quality, Aquifer Protection Section
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High Probability zones are spatially correlative with 
volcanic and  volcaniclastic rocks of the Carolina Zone. 



Public Water Supply Wells In the Piedmont
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Well characteristics: larger Well characteristics: larger 
diameter (8diameter (8””), greater yields, ), greater yields, 
somewhat deepersomewhat deeper

Regulated by PWS if 15 or Regulated by PWS if 15 or 
more connections (as of 2006 more connections (as of 2006 
must meet MCL of 10 ppb, must meet MCL of 10 ppb, 
oversight of oversight of sitingsiting, operation, , operation, 
& sampling)& sampling)

Requires system design to Requires system design to 
meet daily flow requirements meet daily flow requirements 
(400 (400 gpdgpd/house), results in /house), results in 
much greater (15+times more) much greater (15+times more) 
pumping pumping 

Engineered design, water Engineered design, water 
management plans and trained management plans and trained 
operators in some cases.operators in some cases.

Wells commonly 6Wells commonly 6”” with with 
lower yields, somewhat lower yields, somewhat 
more shallowmore shallow

Low pumping rate (400 Low pumping rate (400 
gpdgpd))

Generally not regulatedGenerally not regulated

Limited maintenance and  Limited maintenance and  
samplingsampling
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SUGAR MOUNTAIN UTILITY  
PWS ID = 0106107
Rock Type = Zgma
Max [As] = 0.034 mg/L in 2004

COLUMBIA CAROLINA DIV.
PWS ID = 0156532
Rock Type = CZbg
Max [As] = 0.0550 mg/L in 1999

LAWNDALE, TOWN OF  
PWS ID = 0123045
Rock Type = CZbg
Max [As] = 0.100 mg/L in 1985

WALKER HEIGHTS S/D  
PWS ID = 0136384
Rock Type = CZbl
Max [As] = 0.028 mg/L in 2004

FARMER ELEMENTARY SCHOOL  
PWS ID = 0276631
Rock Type = CZmd1
Max [As] = 0.020mg/L in 1995

Legend
RESULT (mg/L)

!( 0.00000

!( 0.00001 - 0.02500

!( 0.02501 - 0.05000

!( 0.05001 - 0.07500

!( 0.07501 - 0.10000

Map of PWS Wells Locations



pH and 
Dissolved 

Oxygen Data 
from Four 

Hydrogeologic 
Characterization 
Sites Located in 

the NC 
Piedmont.
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Hypothetical Groundwater 
Transport Model for Piedmont 
Aquifer System

Highly Oxidative

Moderately Oxidative

Mixing Zone Between Oxic
and Reducing Waters

Reducing

D
issolution of

H
ost R

ock

Infiltration of  O2 rich water to groundwater surface. 
Dissolution of host materials and precipitation of 
dissolved ions.

Migration from oxic to 
reducing environment. 
Dissolution slows. 
Desorption of As from 
oxyhydroxide become 
more significant.

Migration along the regolith flow path 
maintains an oxidative redox potential. 

Again dissolution and precipitation.

Movement from the reducing 
conditions in the bedrock 
aquifer to greatly increased 
oxidative state in the discharge 
streams initiates the 
precipitation of dissolved 
constituents. 

Migration along the bedrock flow path results in 
accumulation of dissolved ions.
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Hypothetical Aquifer Response to Public
Supply Well Pumping

Highly Oxidative

Moderately Oxidative

Mixing Zone Between Oxic
and Reducing waters

Reducing

Air and Water Zone
From daily pumping

Air filled voids

Original Water Table

Depressed WT due to Pumping

Daily Cone of Depression

Bedrock Fracture
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If >MCL, system forced to If >MCL, system forced to 
address problem by regulationaddress problem by regulation

Treatment can include blending Treatment can include blending 
multiple wells, taking problem multiple wells, taking problem 
wells offline, centralized wells offline, centralized 
treatment, well rehabilitation, treatment, well rehabilitation, 
and even drilling more wells to and even drilling more wells to 
have less connections to avoid have less connections to avoid 
regulationregulation

Sometimes similar treatment Sometimes similar treatment 
strategies, but public systems strategies, but public systems 
have more resources for have more resources for 
analysis of problems, enacting analysis of problems, enacting 
solutions, and maintenance. solutions, and maintenance. 

Private well ownerPrivate well owner’’s choice to s choice to 
treat or nottreat or not

Little guidance availableLittle guidance available

Treatment often based on Treatment often based on 
financial ability and concern of financial ability and concern of 
well owner when trying to well owner when trying to 
address tasteless, odorless address tasteless, odorless 
contaminant, whocontaminant, who’’s health s health 
impact may be years to impact may be years to 
decades awaydecades away

POE/POU treatment systems POE/POU treatment systems 
often complex to well owneroften complex to well owner

Treatment systems get little Treatment systems get little 
maintenancemaintenance

Lots of variables, but maybe the hydrogeology Lots of variables, but maybe the hydrogeology 
also helps explain some of the attenuationalso helps explain some of the attenuation



Based on data review, public and private well systems behave Based on data review, public and private well systems behave 
differently with respect to arsenic concentrationsdifferently with respect to arsenic concentrations

Private wells show some variability, but have relatively consistPrivate wells show some variability, but have relatively consistent ent 
concentrations over timeconcentrations over time
Public well concentrations tend to attenuate over timePublic well concentrations tend to attenuate over time

Many factors are potentially involved to explain these Many factors are potentially involved to explain these 
differences, including possible alteration of the in situ differences, including possible alteration of the in situ 
geochemical environmentgeochemical environment

Widespread exposure to arsenic via private wells in North Widespread exposure to arsenic via private wells in North 
Carolina demands further investigation of geochemical Carolina demands further investigation of geochemical 
mechanisms associated with arsenic release and possible mechanisms associated with arsenic release and possible 
attenuation and treatmentattenuation and treatment


