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Water Quality
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» Water-Rock interactions control the water quality
In an aquifer:
- Along recharge and discharge pathways;
- Within aquifer
» Controlling factors:
- Geology;
- Geochemistry;
- Aquifer sensitivity and land use.
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Outline — Water Quality
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» Ohio Geology
> Geologic setting
- Major aquifer types
» Primary controls - natural

- Geology (dissolution of aquifer material)
- Regional examples

- Geochemistry (oxidation-reduction)
- Local influence

» Local controls — natural and human

- Well setting and well construction
o ° Land use inputs
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Major Aquifers in Ohio

» Carbonate aquifers in western half;
> Silurian, and Lower Devonian

» Sandstone aquifers in eastern half;
> Mississippian and Pennsylvanian

» Buried valley aquifers carved into bedrock and
backfilled with local bedrock and other glacial
debris.

o Quaternary




Major Aquifer
A Types In
' Ohio
k ‘
Y Oy AGWQMP Wells
®. A  Sand & Gravel
o L® B Sandstone
@ @ Limestone
®
© h
Jr A ’ N Environmental
A A\ Protection Agency
'y Division of Drinking and
o & Y Ground Waters
8K
/ “ “A“A‘A Major Aquifer Types
“ - ‘: 4 s | 4 L Sand & Gravel Aquifers
4 \ A || Interbedded Shale/SS
E Sandstone Aquifers

Carbonate Aquifers

Interbedded Shale/Carbonate

0 10 20 40 60 80 100
Miles




Ambient GW Quality Monitoring Program
(AGWQMP)

* Approximately 200 active wells;
» Continuous data for some wells since 1970;

* Analyze raw (untreated) water for 30 inorganic and 61
organic parameters;
» 85 % of wells are public water system wells;
- Balance are industrial, commercial, or residential wells

» Well aquifer types: Sand & Gravel 65%; Sandstone
15%; Carbonate 20%;

» Primary focus of data collection is to characterize source
_ water for GW based public water systems.
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Water Quality - Regional Variation

» Major Elements
- Total Dissolved Solids
> Calcium and Magnesium
> Sulfate

» Minor Elements
o Fluoride
o Strontium




Major ion composition by aquifer type
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Total Dissolved Solids (lab) by Major Aquifer Type
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TDS
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Sulfate
Concentrations
in Ohio
Raw Water
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Fluoride
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Fluoride in Ohio's Major Aquifers
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Major Elements

» Carbonate aquifer - consistently higher
concentrations than sandstone.

» Sandstone exhibits the lowest concentrations.

» Why Is the water quality in S&G aquifer
Intermediate between the carbonate
and sandstone aquifers?
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Geologic Controls

» Major constituents controlled by lithology of
major aquifer,
o Carbonate is more soluble than sandstone:

- GW quality in S&G aquifers is intermediate between
carbonate and sandstone aquifers;

» Trace elements frequently controlled by
secondary mineralization or other variation in
composition of geologic strata.




Typical Ranges of Parameters in Ground Water in Ohio Major Aquifers

Symbol/ MCL/ SaRd Sandstone | Limestone -
Parameter 2 oo Gravel Units
Description | SMCL S = Range Range
ange
Alkalinity Total as ppm
CaCo; 80-440 40-400 160-440
CEANER ossolved | 2000 | ND-400 | ND-250 | ND-200 |PP
Calcium Total Ca 40-160 10-130 30-230 ppm
Chloride Cl 250 S ND-80 ND-100 ND-70 ppm
Conductivity | At 25°C 120-1,000 80-1,200 250-1,500 | pmohs/cm
Iron E:ED""’E" 300 S | 20-4,000 | 50-3,000 | 40-2,500 |PPP
Magnesium Total Mg 10-50 ND- 40 10-90 ppm
Potassium Total K ND-4 ND-4 ND-5 ppm
pH [H*] 7-10.5 S 6.5-8.0 6.25-8.25 6.5-7.8 SU
Sodium Total Na ND-60 ND-120 ND-90 ppm
Strontium or HA ND-3,000 ND-1,200 | ND-30,000 | ppb
Sulfate SOy 250 = ND-150 ND-150 ND-700 ppm
Total TDS ppm
Dissolved 500 s 200-700 ND-750 ND-1,400
Solids (TDS)

S Indicates secondary MCL

* Units: ppm = parts per million and is equivalent to mg/L; _ppb = parts per billion and is equivalent to pg/L;
SU = Standard Units

ND = non-detect

L
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Geochemical Controls

» Geochemistry influences the solubility of the earth
materials present.

» If a natural contaminant is present in geologic
strata, it may become a concern when it is soluble.

» Oxidation-Reduction (Redox) is an important control
for dissolution of some natural contaminants.




Oxidation-Reduction in GW

» Controlled by transfer of electrons between electron
donors and acceptors

» Process is referred to as terminal electron-acceptor
processes (TEAPS)
> Qrganic carbon is the electron donor (Oxidized);
- Electron acceptors are inorganic constituents (Reduced);
- Reactions mediated by energy for microbial reduction;
- As GW is reduced, constituents are consumed in order:

O, > NO; > Mn(IV) > Fe(lll) > SO,% > CO,




Oxidation-Reduction
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» Microbial metabolism and competition is orderly
and the primary control for oxidation-reduction In
GW;

» Redox conditions can be deduced by the
reactants and products present in GW.




Redox Indicator Pairs
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Redox Control
with Depth
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Arsenic Controls

» Arsenic geochemistry is similar to iron;

» Arsenic Is adsorbed on to and within iron oxides
and hydrodroxides;

» AS Iron oxides are reduced iron and arsenic are
released into solution;

» Thus presence of arsenic in GW is controlled by
two factors:

o presence of Arsenic in the area; (geology) and
L redox conditions (geochemistry)
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Redox Control
with Depth
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Water Quality Controls

» Geologic
- Regional to local

» Geochemical
- Regional to local

» Local
> Well setting
> Land use
> Well construction

Each site is a mystery to sort out with geologic,
geochemical and local elements to consider
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Sensitive Aquifers in Ohio

Buried Valleys

Sand and gravel aquifers are sensitive to
dissolved components, but natural filtration may
remove particulates like pathogens.

Thin drift over bedrock aquifers

Karst and fractured bedrock are sensitive
nydrogeologic settings when unconsolidated

cover IS thin or absent.
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Bedrock . .
Weil Wells in Areas of Buried Valleys
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Wells in Areas with Glacial Till

Bedrock Conceptual Cross-section
Weill Bedrock
Well Unconsolidated
[ ] Welf Bedrock
Well
TILL —
0O -I".-“I-"I-".-“.T I-".-""""-'"-"'-'“-nn-...._."-l"- ._.r;lll_

I
1T

SAND & GRAVEL

FRACTURED
LIMESTONE

Legend Not drawn to scale

Considerable Vertical Exaggeration
|:| Well Casing H Open Borehole % Well Screen

L



ALRRRRRR

Sensitive Glacial
Settings Based
on Rechage
Pathways

N

® Karst Features

:l Counties

Sand & Gravel Aquifers

[ ] Thin Glacial Drift

0 10 20 40 60 80 100
Miles




Site Specific Consideration

e

» Natural Factors
- Major lithology of aquifer
- Geochemical control
- Geologic setting — sensitive aquifer?
- Recharge pathways

» Anthropogenic Factors
o Well construction
> Land use
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