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D ill C ttiDrill Cuttings
 What comes up during 

drilling
 Drilling fluid

 Water, air,
 Clay, barite, polymer, etc.

 Sand and pebbles
 Fluid & fines re-circulate Fluid & fines re-circulate
 Borehole open to 

erosion until cased
C tti h t b Cuttings have not been 
used in Arsenic research 
despite dominating the 

il bl l tavailable sample set



C ttiCuttings

 Usually caught with a 
kitchen strainer

 1mm grains or larger
 Coated with mud
 Wash away mud



PProcess

 Hobbes (1998) 
classified sand in till

 Adapted for use with 
cuttings

 Photograph cuttings
 Digital microscope 

ith h d t d twith hard stand to 
ensure exact frame 
scale

 Count grains by type



A i i G d tArsenic in Groundwater

Correlations:
 TDS
 Iron
 Sulfur
 High pH
 Proximity to 

confining layerconfining layer
 Drilling method
 Grain size



Case StudyCase Study

Monticello MN Belgrade MNMonticello, MN Belgrade, MN



M ti ll MNMonticello MN

Well 2

Well 4



Monticello, MNMonticello, MN
Wells 2 and 4

Well 2
 250 feet deep

Well 4
 223 feet deepp

 Confining layer 185-197
 Screened 220 to 250

p
 Confining layer 101-108
 Screened 174 to 220

 1 ppb Arsenic 
 Well 1 is adjacent, also 1 

ppb Arsenic

 7 ppb Arsenic
 Test well is adjacent, 8 

ppb Arsenicppb Arsenic
 Samples are 10’ intervals

ppb Arsenic
 Samples are 5’ intervals



Monticello WellsMonticello Wells



Monticello WellsMonticello Wells



Both appear to be the same aquifer –Both appear to be the same aquifer 
why does Arsenic concentration differ?

Look for differences in:
 Provenance
 Materials
 Grain counts (size (

equivalent)
 Drilling methodg
 Drilling fluid



C M t i lCompare Materials
Well 2 210 220 feet Well 4 210 215 feetWell 2   210 - 220 feet Well 4   210 - 215 feet



C M t i lCompare Materials
Well 2 220 230 feet Well 4 215 220 feetWell 2 – 220 - 230 feet Well 4 – 215 - 220 feet



C M t i lCompare Materials

 Grain size
 Composition

Grain Type by Depth
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C M t i lCompare Materials

% Quartz by Depth
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C M t i lCompare Materials

% Granitic Grains by Depth
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St t C iStrata Comparison
Well 2 170 feet Well 4 195 feetWell 2 – 170 feet Well 4 – 195 feet



N W llNew Well



B l d MNBelgrade, MN

Well 1

Well 3



A ifAquifers

 “Water Table” aquifer (Well 2)
 5 buried confined aquifers around 5 buried confined aquifers around 

Belgrade
 Named by letter (B through F) B is Named by letter (B through F), B is 

shallow, F is deepest
A if i t lit Aquifers vary in water quality



A if Ch t i tiAquifer Characteristics

Aquifer: Depth range
Average 
thickness Fe Mn TDS SO4 As

B 20-80 20 2.52 ppm 192 ppb 350 ppm 5.3 ppm

C 110-150 20 3.8 ppm 120 ppb 390 ppm 7.9 ppm 30-50 ppb

D 160-200 15 1.38 ppm 43 ppb 380 ppm 13.3 ppm 1-10 ppb

E 180-250 20 2.77 ppm 125 ppb 447 ppm 46.9 ppm 1-10 ppb

F 230-270 15 3.12 ppm 77 ppb 376 ppm 29.3 ppm

From USGS Water Resources Investigation Report 88-4124



C fi d A ifConfined Aquifers

Well 1

New Wells

Well 3



C fi d A ifConfined Aquifers



Belgrade, MNBelgrade, MN
Wells 1 and 3

Well 1
 209 feet deep

Well 3
 139 feet deepp

 Confining layer 35-120
 Confining layer 139-171

p
 Confining layer 30-119

 Screened 160 to 200
 1 ppb Arsenic 

W ll 3 i dj t

 Screened 123 to 135
 38+ ppb Arsenic

W ll 1 i dj t Well 3 is adjacent
 Sealed 2011

 Well 1 is adjacent
 Sealed 2011



Belgrade WellsBelgrade Wells



Belgrade WellsBelgrade Wells



USGS T t W llUSGS Test Wells
TH  10

TH  42

BB 18

TH 8

BB 15BB 15



C M t i lCompare Materials

 Grain size
 Composition0
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Grain Type by Depth
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TH 8 precambrian

 Depositional environment
 Provenance
 Drilling Method
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C M t i lCompare Materials

% Quartz by Depth % Darks by Depth
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C M t i lCompare Materials

% Granitic by Depth % Shale by Depth
0

50

100

150pt
h 

(ft
)

y p

Aquifer C granitic

0

50

100

150pt
h 

(ft
)

y p

Aquifer C shale

200

250

300
0 50 100

D
ep Aquifer D granitic

Aquifer E granitic

Aquifer F granitic

200

250

300
0 20 40 60 80 100

D
ep Aquifer D shale

Aquifer E shale

Aquifer F shale

% grains % grains



Compare MaterialsCompare Materials

TH 10 Aquifer C TH 10 Aquifer DTH 10  Aquifer C TH 10  Aquifer D



Compare MaterialsCompare Materials

TH 42 Aquifer C TH 42 Aquifer DTH 42  Aquifer C TH 42  Aquifer D



C l iConclusions
Id tif i hi h i Identifying high arsenic 
aquifer by cuttings appears 
possible in Monticello, MN,
b t not in Belgrade MN but not in Belgrade, MN 
using the archived samples.

 Much more work needs to 
be done as aquiferbe done, as aquifer 
conditions change over time 
and space.

 Investigate drilling methods Investigate drilling methods 
in addition to materials 
drilled.



Q ti ?Questions?
 Thanks: Thanks:

Minnesota Geological Survey
 Cities of Monticello and Belgrade Cities of Monticello and Belgrade
Minnesota Department of Health
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