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Drill Cuttings

m \What comes up during
drilling
m Drilling fluid
1 Water, air
~1 Clay, barite, polymer, etc.

m Sand and pebbles
m Fluid & fines re-circulate

N Bore_hole open to
erosion until cased

m Cuttings have notbeen -
used in Arsenic research
despite dominating the
available sample set
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Cuttings

m Usually caught with a
kitchen strainer

m 1mm grains or larger
m Coated with mud
m \Wash away mud
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Process

m Hobbes (1998)
classified sand in till

m Adapted for use with
cuttings
m Photograph cuttings

~1 Digital microscope
with hard stand to
ensure exact frame
scale

m Count grains by type
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Arsenic in Groundwater

Correlations:

m TDS

Iron

Sulfur

High pH
Proximity to
confining layer
Drilling method
m Grain size

N
A %'* b cs

L LR BRI



Monticello, MN

Case Study

Belgrade, MN
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Monticello, MN
Wells 2 and 4
Well 2 Well 4
250 feet deep m 223 feet deep
Confining layer 185-197 m Confining layer 101-108
Screened 220 to 250 m Screened 174 to 220
1 ppb Arsenic m / ppb Arsenic
Well 1 is adjacent, also1 = Test well is adjacent, 8

ppb Arsenic
Samples are 10’ intervals

ppb Arsenic
Samples are 5’ intervals
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Both appear to be the same aquifer —
why does Arsenic concentration differ?

Look for differences in:
m Provenance
m Materials

Grain counts (size
equivalent)

Drilling method
Drilling fluid
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Compare Materials

Well 2 210 - 220 feet Well 4 210 - 215 feet
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Compare Materials

Well 2 — 220 - 230 feet Well 4 — 215 - 220 feet




Compare Materials

. m Grain size
Grain Type by Depth -
m Composition
0 ign .
50 m Depositional environment
g 100 @ Well 2 precambrian
.g 150 B Well 4 precambrian | ProvenanCe
a 200 X%éix “ ‘-;.?‘h Well 2 carbonate I
2(5)2 ’ ’ ¢ X Well 4 carbonate | Drl”lng MethOd
°© 20 4 w0 80 100 m Drilling Fluid
% grains
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Compare Materials

Depth (ft)

0
50
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200
250

300

% Quartz by Depth
.l i " u a® ¢
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Compare Materials

% Granitic Grains by Depth % Shale by Depth
0 0
50 50
£ 100 £ 100
£ 150 * Well 2 £ 150 & Well 2
a * thr a on [ | He
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Strata Comparison

Well 2 - 170 feet Well 4 — 195 feet
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Belgrade, MN
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Aquifers

m "Water Table” aquifer (Well 2)

m 5 buried confined aquifers around
Belgrade

m Named by letter (B through F), B is
shallow, F i1s deepest

m Aquifers vary in water quality
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Aquifer Characteristics

20-80 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



Confined Aquifers

Well 1

New Wells

e

Well 3



Confined Aquifers

S
Q
O
¢
-1200
- 1000
Legend
=Clay
= Mixed Sand & Clay
= Sand (Aquifer) L 800

= Sand & Gravel (Aquifer)
= Gravel (Aquifer)
= Rock



Belgrade, MN
Wells 1 and 3
Well 1 Well 3

m 209 feet deep m 139 feet deep
m Confining layer 35-120 m Confining layer 30-119
m Confining layer 139-171
m Screened 160 to 200 m Screened 123 to 135
m 1 ppb Arsenic m 38+ ppb Arsenic
m Well 3 is adjacent m Well 1is adjacent
m Sealed 2011 m Sealed 2011



Belgrade Wells

- ) o — ! ‘Well Log Report - 00496508 Page 1 of 1
- Ll 1 H
i: . ! | Mirresol Linige Wl i MNMESOTA DEPARTMENT OF HEALTH
B ! !
R : Bty Bow WELL AND BORING E""!":‘"‘ i
: 2 1 e 496508  [a=, o= RECORD
- ute 1o Oodil 1A i
I ij)\'\al . 1] o Mg acta Siatutes Chagéw 037
r23 _ e T EELSOE T e Well e Dot Compiesd Dtz Wel Comple=d
: (3) ————— s ®h 15k Tizznen
i' i4) T 8 M W 10 BACCED EevsonMethod  ibpogmpsicmer
QFFIC - [+ Shesf)
E ¥EUOHAMD UM el Roorss F al
Drilling Fluic Wel Hydroiactred? || Yes || Mo
File: BELGAADE MN 58112 et From FL b FL
Locetion: ‘7e| ) St —_— Toe Rboioned St Seded
- ’ ST oA : Gealogleal Moneria Coor, E FIOM T0 | Casing Type Skl ockrkow ] Joint ko Dive She? [
i S, s . Couaty, vec . SANDY CLAY MSOFT 1 4 |res 7] Mo MboveiBelow 26 &
. : . : 0 ' - : SAND-COARSE YELLOW MEDILM & 30
. Sebject: SRV S ekl # 1 ! SANDY CLAY GRAY EOFT 20 41 | Casing Diameer Weight Hole Diameer
: By Fhom; Bopmn, s — SINDVCLAY-STEFROCKY  GAAY  MiARD &1 g7 | X mm MR e
I 777 Dat&; I - ' 3 _3 ?_ SANDY GLAY SLTY GRAT SOFT w EL 12 i 123 R bs/h
Investigatios X co e SANDY CLAY SILTY GRAY SOFT 73 &0 gy T
. nferens FINE SAND ROCKY gy gy [openfiok fom B b B -
. e Flelo 77 Hearing Eeeriog Pagoe X, SANDY CLAY cRAY wMsSOFT m1  gp |Se=mTE R JOMEON Ty sk ded
: —_— — A SANDY CLAY GAAY MSOFT 28 95
Iu - Items ra be Coveref: (i) Those Present snd OGO AT GRAY MMARD 33 j0p|Dlmewr  SioiGame Lengm Sstgemeen
i (2} Sltustion »dfor those intervicwed SANDY Ay LA Gy  wEder 11 19
: {3} Furtber ac :
. . _ : SILTY CLAY FINE GAAY 1711
" = Jﬂ\_ @uvu (_, tion, follow-up, recomBeodationg ' ROGCK HARD 118 120
2 . SAND & SIGNS OF WOOD SOFT 120 121 [ iato Waer Lewe]
L (#od.533 5 i BILTY CLAY BLACK MSOFT 121 123|182 R from Lol swfoce Dok Meoured 111311331
| - e
cLaY GRAY  MSOFT 13 1agpRligE o =
. Wil Head Compieticn
. Pz dapier morndachrer WONTOR  Moddl TRS1Z1
’ ﬂ MM,LJ{ Y'I'}Cm Jahd u ](_6 . o ch_ . [7] Coming Prokection [ 12in. booee grade
: £ gt /’g.e-" ’ pmce [Erv el med Eosngs AL
Thi T aterial S ) 1

TR elr s Py 7‘\&(,4} gmﬁ}ﬂims‘mm;mm&m
P 1397 Smaﬂ.( S'Si\.-a.}.ﬁ,
’ - -
139 - ST Eem Saedy Shod, 2
- - - igue eIt D 0101190
FM - .F'?.f-: ?'7(@’ Shats f—__le_c_f_ gn_l."l’ll“—‘::;;f&l&skm ¥ 51T
e udde Send (27) 1947 118 Botk - Lime rackc

-""f—!fa maf Shale I3:1 178 - .I’CH 501[]" S‘nntf: Sﬁnjrcr-{:;rm‘cfl

Locsied by: Minnescin Gedkogical  Method: - sczie 1:24,000 orberger

Grouting bnforstion Wel Grouke?  [9] Yes [ o

Grout Matesial: Neat Cement from 0 10 113 f ]

Rearest Enown Source

5 fest £ _diecion g@ i fpe

el cinirdecie ugan complebon? E,_i Yes [] Ma

Pump (] Mot kil D st 112211351

Mendschreismame MUELER  Modd number 32627 HP15 Vo2
Lengh FémpPpe i £ Copmcly_spm  Type Sibmecils Ve Sigl
e olorar

S Somd

. f?_n) bo-g1t )
#ard _F Ik - i
i "'3[|’) P ard_Fan (210494 = 201" Haed Thale + Gravel |

Abaecioned Wells [es prcperty e any nct 1 e sl ok el well? ||
hes [ me
Variance Wi a vasiance grenied fom the MOH i iz well? [ ] ¥es [] o
Vool Comtrame Corthcation

Evn Wil G = ERE

Ligense Busness Mame Lic. Or Rag No. Neme: of Driller

Zhal .:u_;_ o .."\_,-9_@,\-\.4. ] [T -
: "Jk___."_ oo’ _1 _ County Well Index Online Report

496508 | ST

l ? ?‘,.' Yard PQ,L e-m.“{-._ T Firct Beduck Aquier Qust Busied frben Acuifer
|_( g? a.’ — | : Last Sirat._cisygry Diepeh 1o Besdmck -

CORBI2TI) g B ———

hitp:/mdh-agua health.state. mn.usfew ifwell_log.asp?wellid=0000496508 9/17/2012



Belgrade Wells
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USGS Test Wells




Compare Materials

Grain Type by Depth m Grain size
52 ©TH10 precamb.rian u CompOSItlon
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< 150 %«7@?_ . é . ®TH 42 precambrian
Y .
§. - ? ®, XQQD % + BB 18 precambrian | pm Provenance
éo TH 10 carbonate
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300 -BB 15 carbonate
O 20 40 60 8 100 —TH 42 carbonate u Dnl“ng Fluid
% grains © BB 18 carbonate




Compare Materials
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% Quartz by Depth
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# Aquifer C quartz
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% Darks by Depth
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Compare Materials

50
100
150
200
250
300

Depth (ft)

% Granitic by Depth

4 Aquifer C granitic

"

M Aquifer D granitic

Aquifer E granitic

©® Aquifer F granitic

0 50
% grains

100

% Shale by Depth

# Aquifer C shale

B Aquifer D shale

Aquifer E shale

@ Aquifer F shale
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Compare Materials

TH 10 Aquifer C TH 10 Aquifer D
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Compare Materials

TH 42 Aquifer C TH 42 Aquifer D
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Conclusions

m |dentifying high arsenic
aquifer by cuttings appears
possible in Monticello, MN,

m but not in Belgrade, MN
using the archived samples.

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

m Investigate drilling methods
in addition to materials
drilled.




Questions?

m [hanks:
Minnesota Geological Survey
Cities of Monticello and Belgrade
Minnesota Department of Health
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