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Objectives

1. Prepare preliminary maps and figures to show the areal distribution of nitrate in 

local groundwater, the local subsurface geology, the local distribution of well 

depths, and seasonal/long-term variations in nitrate in the local groundwater.  

2. Prepare preliminary maps of the areal distribution of the static groundwater 

levels based on the well construction logs and determine groundwater-flow 

direction(s) relative to Casco area.

3. Conduct limited isotopic investigation of groundwater to assist in determining the 

source(s) of nitrate (chemical fertilizer, animal waste/human, etc.) and the age of 

the nitrate (legacy or recent).   
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Well Construction
In Groundwater Flow Direction



Well Construction
Transverse to GW Flow Direction



2021
Groundwater Nitrate Concentrations (mg/L)



2021
“Contoured Nitrate“ and 

General Groundwater Flow Directions 
(North Side Casco Creek)

Our analysis:  groundwater flowing from 
northwest to southeast in a narrow band had 
highest nitrate concentrations.



Study Area: 10 wells
February 21, 2022



Approximate Area with Groundwater Nitrate >10 mg/L 
February 21, 2022



Brief Introduction to Isotope Hydrogeology



The Hydrologic Cycle:
endless transfer of water between the ocean, 

atmosphere & land



Hydrologic Cycle

1. precipitation
2. overland flow
3. infiltration
4. groundwater recharge 

5. throughflow
6. groundwater discharge
7. evapotranspiration
8. stream flow



Environmental Isotope 
Hydrogeology Primer

1. “Isotopes” are versions of the atoms with different numbers of neutrons.

2. Protons and neutrons have mass, electrons do not.

3. Mass differences >> different behavior.

4. Environmental isotopes are “naturally” occurring isotopes, help solve hydrogeologic 
problems.

5. Environmental isotopes allow long-term “natural” tracer tests … a different approach 
to groundwater investigations.

6. For Casco, we used isotopes in water molecules and in nitrate ions.

nucleus (includes protons 
and possibly neutrons) 

electrons



1. Chemical formula for water is H2O.
2. Hydrogen (H) has three isotopes we use:

a) Protium 1H
b) Deuterium 2H 
c) Tritium 3H

3. Oxygen (O) has two isotopes we use:
a) Oxygen-16 16O
b) Oxygen-18 18O

4. Water molecules with heavier isotopes 
behave differently than water molecules 
with lighter isotopes.

Water Isotopes



What controls 18O and 2H concentrations in precipitation and groundwater?

• lighter isotopes tend to be more energetic
• lighter isotopes preferentially leave the liquid phase
• liquid phase becomes enriched in heavier isotope

heavier isotopes

lighter 
isotopes



18O concentrations in precipitation depend on temperature
(values are more negative in winter, less negative in summer)
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Long-term Variation in Oxygen -18 in Precipitation at Midway Airport, Chicago 

18O concentrations in precipitation depend on temperature
(values are more negative in winter, less negative in summer)



From IAEA website

18O concentrations in precipitation depend on location/temperature
(values are colder areas are more negative, less negative in warmer areas)



18O and 2H concentrations in precipitation are linearly related
(“global meteoric water line” summarizes values across the globe, 
each area on the globe has a slightly different meteoric water line)

http://www.google.ca/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://web.sahra.arizona.edu/programs/isotopes/oxygen.html&ei=7L-uVIX7J8X9yQSQo4C4DQ&bvm=bv.83134100,d.aWw&psig=AFQjCNHyl9pX7rbTrMkTjOBbqNJu_Kmypw&ust=1420824855064934


18O and 2H concentrations in evaporated water (like in a lake) 
take on a different slope

http://www.google.ca/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://web.sahra.arizona.edu/programs/isotopes/oxygen.html&ei=7L-uVIX7J8X9yQSQo4C4DQ&bvm=bv.83134100,d.aWw&psig=AFQjCNHyl9pX7rbTrMkTjOBbqNJu_Kmypw&ust=1420824855064934


1. Distinguish between glacial age 
groundwater (1000s of years old) and 
recent recharge.

2. Identify groundwater that has been 
evaporated (flow-through lakes).

3. Determine amount of groundwater in storm 
runoff in streams.

4. Evaluate extent of landfill leachate plumes.

Typical Uses of 18O and 2H Isotopes



• concentration in “tritium units” (TU) 
• 1TU = 1 tritium in 1018 protiums

• natural tritium < 25 TU

• atmospheric testing of nuclear bombs 
started in 1950s

• peak values in 1000’s of TU in ~1963
• atmospheric test ban treaty 1963

• radiogenic with half-life of ~12.3 years
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Typical Use of 3H – Determining Age of Groundwater by 
Aging Tritium in Precipitation



1. Chemical formula for nitrate is NO3
-.

2. Nitrogen (N) has two isotopes we use:
a) 14N
b) 15N

3. Oxygen (O) has two isotopes we use:
a) Oxygen-16 16O
b) Oxygen-18 18O

4. Heavier versus lighter isotopes in nitrate 
depends on origin of nitrate (mineral, 
animal/human waste, water source, 
biological processes, etc.)

Nitrate Isotopes



Observed ranges of 15N isotope 
composition by activity 
determined from existing plots 
used exclusively for animals, 
chemical fertilizer, septic systems, 
or natural.

Fogg et al. (1998)



Ranges of 15N and 18O in nitrate
Spalding et al. (2019)

Note: 
Animal waste includes human waste, 
such as septic system effluent.



Assumptions we use:
Limited Mixing in Groundwater Flow Systems



Isotope Hydrogeology Results – February 2022 Data
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Approximate Area with Groundwater Nitrate From Animal/Human Waste 
February 21, 2022



0

1

10

100

1,000

10,000

1/1/1950 1/1/1960 1/1/1970 1/1/1980 1/1/1990 1/1/2000 1/1/2010 1/1/2020

3
H

 C
o

n
ce

n
tr

at
io

n
 (

TU
)

Date

Tritium (3H) In Precipitation (Ottawa) - Blue Dots
6 Month Moving Average, Aged To February 21, 2022 - Black Triangles

Pre ~1995

Pre ~2007

1 3.1
2 3.5
3 5.8
4 2.4
5 <0.8
6 2.8
7 6.7
8 5.5
9 0.9
10 5.2

Casco
Sample #  3H (TU)

Casco tritium data accurate to ±0.7 to 0.9 TU

Pre-1960



Groundwater Age, Approximate
February 21, 2022

Pre-~1995

Pre-~2007

Pre ~1960



Note:  large arrows indicate 
analytical precision
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Groundwater Age (Approximate) and Groundwater Flow (Approximate) 
February 21, 2022

Pre-~1995

Pre-~2007

Pre ~1960



Findings Related to Water Well Records

Based on the wells we tested in February 2022:

1. Bedrock subcrop occurs at about 28-47 fbgl.

2. Most are open bedrock wells cased to below the bedrock subcrop.

3. Most of the wells are open boreholes between about 100 and 160 fbgl.

4. Two of the wells are cased deeper (147 and 170 fbgl) and extend deeper (240 and 

233 fbgl, respectively.)

5. Groundwater elevations based on well logs from wells installed after 2010 indicate 

groundwater flow is from northwest to southeast towards the center of Casco.



Findings Related to Nitrate and Nitrate Isotopes

We were not provided with any long-term nitrate data sets for Casco.  

Based on the wells we tested in February 2022:

1. Nitrate exceeds drinking water criteria in a narrow band along the groundwater flow 
direction in the central part of the study area.

2. Nitrate isotopes indicate that most of the nitrate originated from animal/human waste. 



Findings Related to Nitrate, Water Isotopes, and Nitrate Isotopes

Based on the wells we tested in February 2022:

1. Tritium (3H) data indicate a range of groundwater ages in three groupings: pre-1960, pre 
~1995, and pre ~2007.  None of the groundwater is ~post-2007.  Groundwater nitrate is 
“legacy” to various degrees.

2. The highest nitrate concentrations appear to be in pre-2007 groundwater that runs in a 
narrow band in the groundwater flow direction through Casco. 

3. Nitrate concentrations are loosely related to age.

4. Regardless of age, groundwater nitrate is from animal/human waste except for the very 
old groundwater (pre-1960).



Other Findings and Thoughts

Based on the wells we tested in February 2022:

1. The depths of the well casing and the well are not factors in the nitrate concentration.

2. Oxygen-18 (18O) and deuterium (2H) can also be used to approximate groundwater age 
because they are temperature-sensitive and temperatures have progressively increased 
since the 1960s.  Using 18O and 2H instead of 3H would make further investigation of 
legacy nitrate less expensive.

3. Since the highest nitrate concentrations in Casco groundwater align in a narrow band in 
the groundwater flow direction, source is likely a “point” source rather than a regional 
source.

4. High groundwater near Main and “C”.
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