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SE Metro PFC Investigations

» 2003: PFCs detected at 3M-Cottage Grove plant

> 2004-2005: Investigation of disposal areas
« PFOS and PFOA detected in Oakdale city wells
o 19 well advisories issued in Lake EImo

» 2006 - present: Increased PFC analytical
capacity and lowered drinking water criteria
resulted in expanded investigation area
« 11 communities affected; 204 well advisories

o 200+ Lake EImo homes connected to city water
. Oakdale city water filtration plant built
« Remedial actions planned at 4 sites
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PFCs of Interest in Southeast
Metro Area

> PFOS: C4F,,SO,"

Perfluorooctane sulfonate and its salts

> PFOA: C4F,.0,"

Perfluorooctanoic acid and its salts

> PFBA: C,F,0,-

Perfluorobutanoic acid and its salts

» Occasional detects: PFPeA, PFHXA,
PFHXS, PFBS




MDH Drinking Water Guidelines

> Health Risk Limits (promulgated in rule):
« PFOS: 0.3 ppb
« PFOA: 0.3 ppb

> Health Based Value (not promulgated):
« PFBA: 7.0 ppb

« Protective for both long-term/lifetime and fetal exposures
» Based on slight liver and thyroid effects




PFCs Behave in Unigue Ways

« DO not break down in the environment
C-F bond

« DO not adsorb readily to aguifer materials
Infiltrate rapidly to the groundwater
Move nearly as fast as the groundwater
Travel long distances

« Chemical structure similar to fatty acids

Readily adsorbed into blood serum of living
organisms

May, in part, explain long half-lives in the body




Bedrock Layers in South Washington Co.

Vs Sedimentary Deposits: 0-100 ft. thick, sand and gravel with clay layers
¥ _ Decorah Shale: 0-15 ft. thick
F

o Platteville & Glenwood Fermations: 0-30 ft. thick, thinly bedded limestone,
dolomite, and shale

St. Peter Sandstone: 0-150 ft. thick: private well
aquifer

:_Jg Prairie du Chien Group: 130-200 ft. thick,
*‘E:ﬁ_?—ﬁil heavily karsted dolomite with sandy and shaley
[ layers — high transmissivity zone near Shakopee -
' Oneota contact; private well aquifer

Jordan Sandstone: 65-95 ft. thick; main aquifer
used by city wells, also used by private wells

w__ St. Lawrence Formation: 35-60 ft. thick, dolomitic sandy shale and
siltstone - can help slow or stop downward movement of PFBA

Franconia Sandstone: 165 ft. thick, green
glauconitic sandstone, private well aquifer near river



Bedrock Structure
S. Washington Co.

Regional Scale (kms):
Bedrock Valleys — eroded as
deep as the Jordan in some
areas; associated karst in
St. Peter and Prairie du
Chien

Faults — NE-SW trending
faults associated with St.

Croix Anticline; up to 150

ft. displacement (Mossler,
2003)

Large Scale (10-100s m):
Joint Sets — and associated
karst development in OPDC

Small Scale (cm-10s m):
Fractures — bedding plane
and vertical; esp. in
Shakopee & upper 1/3
Oneota; varies spatially
(Tipping, et al, 2006) (aéapred fram Massker, 20001
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Groundwater Flow [N eSO RSt/ Grar: /.

e A “groundwater divide” T | w$w:,
extends from north to R
south beneath the county

e East of the “divide”
groundwater flows to the
St. Croix River

e West of the “divide”
groundwater flows to the
Mississippi River

e Close to where the two
rivers meet, the flow
“fans out” toward either
river

4 Miles

— | A

e Locally, groundwater
flow and “divide” are
Influenced by pumping
wells

General Groundwater Flow in S. Washington Co.

------- Regional groundwater divide

“~———pp»  Regional groundwater flow direction

Prepared: 1/23/07
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Large Plumes — b Ee

Over 100 sg. mi.
o Models did not predict

PFBA most widespread PFC
« More PFBA in source areas
« More mobile

Distribution controlled by
o Bedrock features

« Groundwater pumping
o Surface water
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PFOS Iin the Lake EImo Area




Predicted PFC Plume

PFC - Oakdale Municipal Wells
T Non-detect

<0.1 ppb PFOA/PFOS

=0.5 ppb PFOA/PFOS

Nol Measured

I Fiume Estimate 2005 (MODPATH)

+ Washin gl_o'n;Cgu nty" iy _: : [ Pume Estimate 1984 (MODPATH)
i Ean,dhll 3 - oyl | [] Piume Estimate 1982 (MODPATH)

Aquifer Symbol
O Multiple Aquifers
2 Praitie du Chien
@ Platteville Formation
St. Peter Sandstone
2 Quaternary Aguifer
[ Unknown Aquifer

PFOA Detection Range Color Key
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Washington Co.

PFBA Plumes
A

A

1-19 ug/lL
2-59 uglL
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Washington
Co. Landfill

| 3M=Oakdale
Disposal Site

Flgure 9: Ralengh Creek
~— "Gaining" stream section of creek* - =* "Losing" stream section of creek”
== | Route of 19881995 discharge from landfill to the creek * see page 22 or glossary




Groundwater-Surface Water
Interaction Effect on PFC Migration

> Raleigh Creek

o Allowed transport of PFOS and other PFCs from 3M-
Oakdale site to Eagle Pt. Lake and Lake EImo

« May account for PFOS in fish in Lake EImo

> Stormwater discharge from Washington Co.
landfill (1988-1995)

o Discharged to Raleigh Creek approximately:
1,000+ Ib PFBA
75+ Ib PFOA
1.5+ Ib PFOS

« Helped spread PFCs (esp. PFBA) beyond expected
area




3M Surface Water Sediment & Groundwater Samp!es
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PFBA Beyond the “Divide”




PFBA Distribution

Washington -~,. _
s Co. Landfill o

;' . TR e

Hamlet on [

¥ 3M=Oakdale

eastward to newer Ererd
development north of — N
Sunfish Lake.

Likely due to:
e l[ocation of infiltration

pond

e bedrock valley

e high transmissivity zone

i

o ] :__l

e PFBA in Prairie du Chien - Lake Elmo

. ) PFBA Concentration Ranges

!:‘)erm Ittfd PFCS tO m Ig rate % Mot detected 1.7 = 3.4 ppb (25-49% HBV) 27 ppb
across g rou ndwater 0.2-0.9 ppb 3.5=5.1 ppb (50-74% HBV) O Extent of PFCs

in all aquifers

d Vi d e 1.0-1.6 ppb 5.2=-6.9 ppb (75-99% HBV)
Lk. Elmo Pk. Reserve

O Private well [] Citywell /A Non-community public well
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EXPLANATION
MATRIX HYDROSTRATIGRAFPHIC

COMPONENTS SECONDARY PORCSITY Surlicial deposits
— Man-systematic fractures — [y piLITE water well
+ .| Coarse clastic nl (some digsolution enlarged)

: &= Springs

~ — | Fine clastic |l Systematic fraclures {some — Path of surface and subsuriace
R dissolution enlarged) water flcw
| o open hole interval
Carbonate A  Dissolution features —cavilies ——+ Dye plume flow direction
" and enlarged bedding-plane fractures

High Transmissivity Zone — Prairie du Chien

Tipping, et al (2006) noted that the Shakopee and upper

1/3 of the Oneota has ubiquitous solution widened
fractures. Fracture abundance increases as the depth to
the Shakopee decreases.
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PFBA Across the Mississippl

River




NW SE

11900 Eagle's King's Cove Hastings Peavey  Hastings
114th St. Watch Marina Well #1 Flour Mill  Well #6

060 672559
?

B3 7268

207643

840 207821

Mississippi River
720 ;

ECH:I 2 ISliTigtaneis atilalisiizty i T . sishidishisi als e [~

i1l FEranconia Sandstone
480 i r-.‘

Jordan Sandston

|3t Lawre BEEA= 0.2 uglL

|| Franconia Sandstone

Eau Claire

o il ionton-Galesvile |
PFBA = 0.6 ug/L

360

A0
5

7
120 {Location of fault [
appreximate)

-120 Not sampled, well
is seasonal use only
=240 verlical exaggeration: x10

Possible Migration Pathways for PFCs To
Reach Hastings City Wells

—Groundwater, Surface Water-Ground Water Interactions,
or a Combination ?



Conclusions

> PFCs are highly conservative in the environment

o Can migrate through a diversity of surface and ground
water environments relatively unchanged beyond
dilution

> This makes PFCs an excellent tracer of surface
water — ground water interactions

« Lake EImo: PFOS and PFBA
o Hastings?

> PFCs also make excellent structural tracers
« PFBA has been used in tracer studies

« Distribution reflects regional to small-scale structural
features in Washington Co.

Also micro-scale structures and flow paths, if we could
evaluate it
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