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Extent of Cambrian-Ordovician Aquifer
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LAND USE (1993 data)
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Cambrian-Ordovician Aquifer System 
Water Use by Category 

in million gallons per day (933 total)
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Source: Maupin and Barber, 2005: USGS Circular 1279, Estimated Withdrawals from
Principal Aquifers in the United States, 2000

Presenter�
Presentation Notes�
Total withdrawals from Cambrian-Ordovician aquifer system was 933 million gallons per day in 2000.�



Water Use from Selected Principal Aquifers 
of the Northern Midwest
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Presenter�
Presentation Notes�
Principal Aquifers co-located with the Cambrian-Ordovician aquifer system. Some coverage of the Silurian-Devonian aquifer in Michigan

Is not on the Upper Peninsula where the Cam-Ord is located.

Sandstone aquifers: Cam-Ord, Jacobsville aquifer, Lower Cretaceous aquifers

Carbonate-rock aquifers: Silurian-Devonian aquifers, Upper Carbonate aquifer

Sandstone and carbonate-rock aquifers: Mississippian aquifers

Sand & Gravel: Glacial aquifers�



BEDROCK  GEOLOGY
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Stratigraphy
HYDROGEOLOGIC UNIT HYDROGEOLOGIC UNIT

SYSTEM GROUP FORMATION OR GROUP MINNESOTA WISCONSIN

UPPER ORDOVICIAN Maquoketa Maquoketa Shale Maquoketa Shale confining unit Maquoketa Shale confining unit

Galena Dolomite

Galena-Platteville aquifer

Sinnipee Decorah Shale

Decorah-Platteville-Glenwood 
confining unit

MIDDLE ORDOVICIAN Platteville Fm

Glenwood Shale Glenwood confining unit

Ancell St. Peter Sandstone St. Peter aquifer St. Peter aquifer

LOWER ORDOVICIAN Prairie du Chien Prairie du Chien Group

Prairie du Chien-Jordan aquifer

Prairie du Chien aquifer

Jordan Sandstone

Trempealeau St. Lawrence Fm St. Lawrence confining unit St. Lawrence confining unit

Tunnel City Franconia Fm

Franconia-Ironton-Galesville 
aquifer

Tunnel City-Wonewoc-Eau 
Claire aquifer

CAMBRIAN Ironton Sandstone

Elk Mound Galesville Sandstone

Eau Claire Fm Eau Claire confining unit

Mt. Simon Sandstone

Mt. Simon-Hinckley-Fond du Lac 
aquifer

Mt. Simon-Hinckley-Fond du Lac 
aquifer

Hinckley Sandstone

PRECAMBRIAN Fond du Lac Sandstone

Solor Church Fm Undifferentiated sandstone Undifferentiated sandstone

Igneous/metamorphic rocks Igneous/metamorphic rocks Igneous/metamorphic rocks



Predevelopment Generalized Flow Directions

From Mandle and Kontis, 1992, USGS PP 1405-C



NAWQA  Wells
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Other Data Sources

USGS Regional Aquifer-System Analysis (RASA 
Study) (D.I. Siegel, 1989)
USGS National Water Information System Data Base
Illinois EPA
Michigan DEQ
Minnesota DOH
Minnesota PCA
Missouri DNR
Wisconsin DNR



Buried and Exposed Bedrock Areas
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Maps Showing Distribution of:

Fluoride
Selected Trace Elements
Radon and Radium



Fluoride Concentrations
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Presentation Notes�
These data points are the NAWQA and RASA wells.�



Barium Concentrations
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Manganese Concentrations
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Presentation Notes�
Health-Based Screening Levels (HBSLs) are non-enforceable water-quality benchmarks that were developed by the U.S. Geological Survey in collaboration with the U.S. Environmental Protection Agency (USEPA) and others. HBSLs supplement existing Federal drinking-water standards and guidelines, thereby providing a basis for a more comprehensive evaluation of contaminant-occurrence data in the context of human health. �



Boron Concentrations
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Presenter�
Presentation Notes�
Health-Based Screening Levels (HBSLs) are non-enforceable water-quality benchmarks that were developed by the U.S. Geological Survey in collaboration with the U.S. Environmental Protection Agency (USEPA) and others. HBSLs supplement existing Federal drinking-water standards and guidelines, thereby providing a basis for a more comprehensive evaluation of contaminant-occurrence data in the context of human health. �



Radon-222  Concentrations
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Presentation Notes�
Radon-222 samples from NAWQA, NWIS, ILEPA, MNDOH, MODNR. Most are from NAWQA wells.�



Radon-222 Concentrations by Bedrock Region
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Radon-222 vs. Well Depth
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Presenter�
Presentation Notes�
Maximum well depth is 2635 feet.

Wells from the surface region appear to show a slight trend of decreasing Radon with depth, but if a trend line is added the R-squared is very low, indicating no real trend.�



Radon-222 by Aquifer Group 
(Concentrations of 300 or more pCi/L)
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Radium-226  Concentrations
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Presentation Notes�
Radium226 samples from NAWQA, RASA, NWIS, ILEPA, MNDOH, MIDEQ.�



Radium-226 vs. Well Depth
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Presenter�
Presentation Notes�
Maximum well depth is 3435 feet.

Wells from the surface region appear to show a slight trend of increasing Radium-226 with depth, but if a trend line is added the R-squared is very low, indicating no real trend.

The R-squared is even lower for the wells from the buried region.

�



Radium-228  Concentrations
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Radium-228 samples from NAWQA, NWIS, ILEPA, MODNR, MIDEQ, MNDOH�



Radium-228 by Aquifer Group 
(Concentrations of 5 or more pCi/L)
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Combined  Radium  Concentrations
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Presenter�
Presentation Notes�
Results are sum of Radium-226 and Radium-228 when both samples have a detection.

Also includes individual Radium-226 or Radium-228 concentrations when 5 pci//L or higher.�



Combined Radium Concentrations

MN DOH wells not shown
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Presenter�
Presentation Notes�
MN DOH wells not included in this map. There seems to be a large percentage of wells above 5 pCi/L from their data set. Is this a function of lab bias, sampling bias, aquifer or geographic location?�



Radium-226 vs. Radium-228
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Presentation Notes�
If both had non-detections the sample was dropped. If one had a non-detection the value was censored to half the detection level.

Radium-226 concentrations more frequently exceed Radium-228 concentrations.�



Radon-222, Radium-226, Radium-228
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Maps Showing Distribution of:

Nitrate and Ammonia
Pesticide Detections
VOC Detections



Nitrate  Concentrations in NAWQA Wells

Nitrate (nitrate + nitrite)
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Presenter�
Presentation Notes�
Nitrate concentrations from last sample at each NAWQA well.

Nitrate is (nitrate + nitrite).�



Nitrate Concentrations by Bedrock Region
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Presentation Notes�
Nitrate reporting level of 0.06 mg/L is shown. Many samples are non-detections so both median values are at the detection level. Non-detections are included in this box plot

At the detection level.�



Ammonia Concentrations in NAWQA Wells
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Presentation Notes�
Results are from most recent sample at each NAWQA well.�



Pesticide Detections in NAWQA Wells
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Most Commonly Detected Pesticides
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Presenter�
Presentation Notes�
Frequency of occurrence in most recent NAWQA sample at each well. All 6 compounds shown here have 155 samples, but other compounds have fewer samples.

No assessment level, uses all detection levels.�



VOC Detections in NAWQA Wells

Includes 55 VOCs from Zogorski and others, 2006: USGS Circular 1992, Volatile Organic
Compounds in the Nation’s Ground Water and Drinking-Water Supply Wells
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Presenter�
Presentation Notes�
VOC detections in last sample at each well. No assessment level applied, uses all detection levels for the various compounds. VOCs limited to the 55 VOCs included in Circular 1292�



Most Commonly Detected VOCs
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Presentation Notes�
Number of samples for these 5 compounds ranges from 141-145.
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Pesticides, Nitrate, and VOCs Mixtures in 
NAWQA Samples
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Presenter�
Presentation Notes�
The method of counting contaminant mixtures follows that of Squillace, Scott, Moran, Nolan, and Kolpin, 2002, VOCs, Pesticides, Nitrate, and their mixtures in groundwater used for drinking water in the United States: Environmental Science and Technology, v. 36, no. 9, p. 1923-1930. John Scott did this analysis for me. �
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Radium-226 by Aquifer Group 
(Concentrations of 5 or more pCi/L)
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