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Problems with Well Water

• H2S: Objectionable odor, attacks metal pipes

• High SO4: Diarhea for conc. > 400 mg/L

• High Cl: Salty taste > 250 mg/L

• High Fe: Metallic taste, stains, well screen plug

• High As: Arsenic poisoning and cancer

• High F: Dental fluorosis, skeletal fluorosis

• Hardness: Forms soap scum and scale

• High NO3: Health problems > 10 mg-N/L 

(background usu. 2-2.5 mg-N/L)

• High CH4: Explosive, pot. energy source





North to South Cross Section of the Illinois Basin 

intersecting Saline Springs



High Sodium Chloride Water

• Groundwater becomes more saline with depth 

in the Illinois Basin.

• Chloride concentration in shallow aquifers 

ranges from 1 to 15 milligrams per liter or ppm.

• Deep brines can have Cl concentrations greater 

than 120,000 mg/L (NaCl = 170,000 mg/L).

• Sources include evaporated seawater from 

original deposition of sedimentary rocks.

• Saline springs and shallow occurrences of high 

NaCl waters used by settlers for salt making.



Panno, Hackley, Kelly et al. 

2006



Conceptual model of the regional occurrence of saline springs in 

the vicinity of geologic structures (anticlines and monoclines). 

Starved Rock State Park area in northern Illinois is good example. 

Pvt wells can have chloride concentrations exceeding 2000 mg/L.



Licks were used by Native Americans and early 
settlers (late 1700s) as hunting grounds; salt was 
used as preservative for meat and for seasoning.



Big Bone Lick, KY



Late 1700s and Early 1800s: Saline springs were taken over by 
settlers for the lucrative business of making and selling salt. Salt, at 
that time, sold for between $1 and $2/pound. McDowell (1956) 
stated that the period was filled with the sounds of axes and crash 
of falling trees, Indian alarms, and the brawling of lusty saltmakers.





Present: Some salt-making sites were all but forgotten.

Bullitt’s Lick, KY Saltworks 1779 to 1830



Petroleum Exploration/Production: The Old

• Basin brines left in 

evaporation ponds 

didn’t evaporate, 

but seeped into 

local aquifers.

• Petroleum and 

brines spills were 

common.

• Open boreholes 

left connection of 

deep basin brines 

with shallow fresh 

water aquifers.



Petroleum Exploration/Production: The New

Wells are now 

sealed prior to  

abandonment.

Spills are 

contained within 

berms around 

petroleum and 

brine tanks.



Hardness
• Hardness = 2.5 x Ca2+ conc. + 4.1 x Mg2+ conc.

• The interaction of rain water and soil water with 

limestone results in the dissolution of rocks and 

saturation of the water with calcium carbonate. 

• CH2O(organics) + O2 + Bacteria  CO2

• CO2 + H2O  H+ + HCO3

• CaCO3(limestone) + H+ 
 Ca + HCO3

• Most of Illinois’ shallow groundwater: hard to 

extremely hard. Forms scale in plumbing, and 

problems with bathing and laundry. 

• Some springs deposit calcium carbonate.   





Falling Springs near Dupo,IL







Water Softener

Hard Ca-Mg 

bicarbonate 

water goes in.

Soft Na-

bicarbonate 

water comes out.

Brine can 

discharge to 

septic system or 

WWTP.



High-Fluoride: Makanda Well

• Well near Makanda, 160 feet deep in Penn SS.

• The well intersected the Bradshaw Creek Fault.

• Fluoride concentration was 5.5 mg/L.

• Typical range of Fluoride for fresh groundwater in 

Illinois is 0.1 to 0.5 mg/L. High pH water - 9 mg/L swIL

• Chloride was 438 mg/L on first day and 218 when 

sampled 1 week later.

• Saline groundwater seeped up fractures and openings 

created by the fault and into well.

• Well is ~ 50 miles from Fluorspar district (CaF2) to the 

east. The high fluoride could be from spent ore-

forming solutions.



Skeletal and Dental Fluorosis



High Arsenic: Mahomet aquifer

• Regulatory limit: 10 micrograms/L -drinking wtr.

• Problems include Arsenic poisoning & cancer

• Sources are primarily oxidation of pyrite

• FeS2 + 15/4O2 + 7/2H2O  Fe(OH)3 +2SO4 + 4H+

• Pyrite + Oxygen + Water  Iron + Sulfate + Acid

– Pyrite can contain thousands of ppm arsenic. 

– Under oxic conditions, arsenic is freed from pyrite 

and adsorbs onto the iron oxyhydroxide.

– Burial of sediment can result in anoxic conditions 

that causes remobilization of arsenic in the aquifer.

– As concentrations in IL up to >350 micrograms/L.



Arsenic Distribution in Mahomet Aquifer





High Iron: Dixon Springs, IL

• Location used by Native Americans for health reasons 

and rituals. Became a health spa in the 1800s. It is 

now Dixon Springs State Park.

• High iron groundwater from shallow sources, probably 

due to oxidation of pyrite in Pennsylvanian-age shale:

• FeS2 + 15/4O2 + 7/2H2O  Fe(OH)3 +2SO4 + 4H+

• Pyrite + Oxygen + Water  Iron + Sulfate + Acid

• Causes staining of ceramic fixtures, clothes, teeth, 

hair. Also may have a metallic taste

• Iron is a dietary requirement with no known health 

problems except when ingested in massive quantities 

(exceeding 200 mg/L) rarely found in natural waters.



Pyrite in Shale



Dixon Springs State Park



Acid Mine Drainage

• Highly acidic waste water from oxidation of 

pyrite due to mining of coal.

• Toxic concentrations of metals due to the ability 

of acidic waters to dissolve and carry heavy 

metals. 

• FeS2 + 15/4O2 + 7/2H2O  Fe(OH)3 +2SO4 + 4H+

• Pyrite + Oxygen + Water  Iron + Sulfate + Acid

• Improved mining techniques and post-mining 

reclamation should mitigate some problems. 



Strip Mining in Illinois



Acid mine drainage 

at Kickapoo Creek 

State Park.

Strip mining for coal 

from 1850-1940.

Orange water is 

acidic with a high 

iron and sulfate 

content due to 

pyrite oxidation.

Acidic conditions do 

not support growth 

of vegetation.



Red Water in Carbondale 2012

• Red water was discharging from the base of a hill just 

off of East Campus Dr. in Carbondale.

• The Health Dept. wanted to know its source: Was it 

city water or a natural spring?

• The chloride, fluoride and nitrate concentrations of the 

two waters were identical. Chemically the same 

strongly suggesting it was city water that was entering 

old and abandoned coal mine, oxydizing pyrite, and 

discharging as a spring carrying iron and sulfur.

• The stable isotopes deuterium and oxygen-18 were 

used to resolve the question. 



Atoms of elements are made up of protons and neutrons. 

Isotopes are the same  elements, but with different number of 

neutrons in the nucleus. 

99.984% 0.016%



City Water D = -20 o/oo



• The source of city water is Cedar Lake. If the 

red water originated as city water, the stable 

isotopes should be identical. They are different.

Red water

City water

Spring water



Health Spas: Creal Springs, IL

• Creal Springs had 6 springs of various chemical 

compositions and different percieved effects:

– Diseases of the Digestive Organs

– Liver and Kidney

– Beauty 

– Astringent

– Tranquilizer

– The Alum Well (KAl(SO4)2*H2O)

The reason for the different water chemistry is 

because of variations in Penn strata (SS, LS, Shale). 

There are probably only three different compositions.



Creal Springs, IL



High Sulfate: Big Bone Lick, Creal 

Springs, Pluto Spring

• Sulfate forms from oxidation of pyrite and 

dissolution of anhydrite (evaporite deposits).

• CaSO4 + H2O  Ca + SO4

• Typical concentrations in groundwater are 

around 30 to 100 mg/L.

• Drinking high-sulfate water can cause diarrhea 

at concentrations > 400 mg/L.

• Pluto Spring: SO4 at 1783 mg/L, Li at 0.6 mg/L.



Late 1800s to early 1900s: Springs became sites of 

mineral spas/resorts and visited for health reasons by 

many, and for extended periods by the wealthy.

Many of these spring locations later became State Parks.

This site is Big Bone Lick State Park, KY



Pluto Water from West Baden Springs was sold and shipped all over the world



Hydrogen Sulfide: Red Boiling 

Springs, TN

• Sources of H2S include dissolution of anhydrite 

& gypsum, oxidation of pyrite that yield sulfate.

• Organic matter + sulfate (mediated by bacteria 

under anoxic cond.) yields hydrogen sulfide:  

• 2CH2O + SO4  2HCO3 + H2S

• Problems are odor, H2S can be toxic at 

elevated concentrations, and is corrosive to 

metal fixtures and pipes (primarily due to metal 

embrittlement (uptake of H2 by metal).



Red Boiling Springs, TN

• The White Spring (Turns quarter white)

• The Red Spring (Turns quarter red)

• The Black Spring (Turns quarter black)

• This all due to the water’s ability to react with 

silver: 

– Precip. of calcite (CaCO3)

– Precip. of iron (FeO(OH)3)

– Precip. of silver sulfide (2Ag + H2S  Ag2S + H2).











High Methane: Mahomet Aquifer

• Methane is a common component of anoxic 

groundwater.

• It can accumulate in wells and buildings and 

impose an explosion hazard.

• Methane forms from microbial decomposition of 

organics and CO2 red. under anoxic conditions. 

• CO2 + 4H2  2H20 + CH4 (Reduction of CO2)

• CH3COOH  CH4 + CO2 (Fermentation)

• It can also form non-biologically with the 

formation/maturation of petroleum.







Thank You!


