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Abstract “The MPCA and Mimesoa DepartmenofHeall (DH)
Perfluoroshnicals (PFC) refully uoinated crganc began esting Washington County public ndprivate wells
chemical used to produce a wide range of incusial for PFCs in 2003. This work cvenually delicate three
and commercial products. Their exirems persistence major co-mingled PFC plus tha conaminaid over
and mobil in the environment and nearly ubiquitous 250 kn? of groundwater in four major drinking-vater
presence in humans and wilde has raised serious aquifersaffectingcight municipavaier supply sysicms
concems regarding their environmental and human and thousands of privatewels (Yingling. al 201).
calles. In he 194030 1970s, PFC-bearing wastes
weredisposedofin three unlined andsin Washinglon nial groundwater flow modeling predicted more
Comny, Mimnesot. The resuling co-mingled PFC limited, discreet PFC plumes (Burr Enginerin,
plumes created a “megaplume” that contaminated over 2005). 1 was also assumed that a north-south trending
250 Kin of groundwater and four major drinking water groundwater divide tht bisects th county would agely
aquifers: actin cight municipalwater supply systems limit PFC conamination to the west of the divide
and thousands of private wells. Site instigations However, furlher investigation revealed. groundwater
revealed that Kart features, particularly in the Praiic surface water intracions and the influence of karst
du Chien Group (OPDC), nd growndwater-surice features ina key bedrock aquifer created wnaniipated
water interactions played a critical fle in conminant  patiways fo contaminant migration.
migration.

Hydrogeology of Southern Washington
Introduction County
Perfluorochemicals PECs)areachssof fll-fluorinaied  Soutiem Washingian County is located on he casiem
organic chemicals that havebeen used to producea wide edgeofthe TwinCities Basinandisunderlainby he lower
range of industrial and commercial products, Their Palooie sedimentary sequencetypical oftheHollandale
exremepersistenceandmbit intheenvironment and Embaymen, covered by 3 — 30 m of unconsolidated
nearly ubiquitous presence in humans and wildlife has glacial drift and alloviom (Figure 1). Reactivation of
isd serious concems regarding thei environmental Proterozoic fulssometime aftr the Middle Ordovician
and health effets (Giey and Kannan, 2002: Oben,of resued in large-scale, orheas-sowiwest trending
al. 2003; ATSDR. 2009). As a esl in 2006, the EPA. blockfaults with vertical displacement of up to 45 m
amounced it would sek the phasing out of production andsssociated subperpendicularandsubparalll joining
and mostusesof two PECs, prflvoro-octane sulfonate (Figure 2: Mosler and Bloomgren. 1990; Mossler and
(PFOS) and peluarooctanare acid (PFOA). Tipping. 2009.
SM Corporation (3M) researched and produced Four major aquifers provide the majority of drinking
PFCs inCottage Grove, MN since the 1940s. From water for community and private wells in the arc
the 1940s 10 1970s, PFC-bearing wasies were Si. Peter Sandstone (OSTP), Prairie a Chien Group
disposed ofa the 3M Cotiage Grove facility and in (OPDC), Jordan Sandstone (CJDN), and Tun City
three unlined landfills in Washingion County, MN Group (CTCG; formerly the Franconia). Although
(ATSDR,2008). All ofthese sites were investigated separated by lower penmeabilty layers or “leaks”
for industrial solvent contamination in the 1980s aqui (a in the case ofhe Si. Lawrie (CSTL
and had active groundwater extraction systems between the CIDN and CTCG), bedrock fauls and
operaiing. In 2003. 3M notified the Minnesota vemical joints le compromised the imi of
Pollution Control Agency (MPCA) that PFCs had these ayers, paricularly in the souhem and casern
been detceied in the drinking and production water mst portions of the coun. Thi, in pan, ccounis for
at the Cottage Grove plant. hydraulic communication betwee the quer.
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Qvtenary Deport 30m. Thi porn of the OPDC is sometimes refered to
Oncor hte 0.5m. 25 he “high momissiiy soe” (12), 5 much
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figure 1. Generalied stofigraphic column or Fomatonis buried ess than 60 mers late 0 tose in
Westipghop County, Misseoto ‘more deeplyburiedareas. It is alsoexpected that solution-
A network of dsply iis oto valleys, whi enlagd tures (edn pane argssyaan
re xn down to the CIN an posbly en le nomsym Tacs, ec) woudbebgt and mre
CTL in some ples, provid nates mic of pile oudnt a the rosin wes of he row brid
communicationbetwen perquis STFOPDC, bio aly (Runkelel. 200,

CIDR. The valleys were once buts to. Uh
Mississippi River, whichboundsthecounty othe sowhand PFC Plume Delineation
oui, S. Cro River, wih bons 10th Nery 2.000 publi. prvi. and. mniring wel
cs To vo vrsreth for roundvater dcr in south Wasingon Cows ive been sampled
oisforseth WadingonCows dre anor. sve 200, proving dead sats! ad tempore
Soh groundwater et rug ses ts coun dentin of te PFC phams. The most widespread
(Figu2 Kwek nd Cla, 1990, of le PECs dteed is perlacrobuaoic aid, PFBA

(Figs 2. PFBA i cn ofthe most mebile PECs dus
Karst fats, partial in the OPDC, futher fo fs cxteey ow swale arpion cco
allse gromdvater 1d. conaminan movement, vas (KA<001. The xin of th PFBA pans fax
candor tal (2013) opr he Oncor Forman the exeeds sal modeling predictions of the panes

lower member ofthe OFDC, werent krtifcaion (Bae Engineering, 2009, coding raspon aos
dung th 3 to S millon you deposi Wass roundvaet dite, This was is obered in te
Lt preceded deposition of the overlying Stakopes _ dsriution other PECs (TSDR, 2008
Formation Karifcaionofibe Sakopee ko occured
uring a 15 millon yeu hiatus prior 10 deposition of While most of th PECs mapped gery pps 0
loving OST? (Vole, 2008. As el of Rollo aly peal concern ands - igh ae
Vol haretion event, alors wer ofwitli. soe os wd docs wilh fms downgraion
oluncedconduts asl nd perpedicu 0 bedding - FOS in te Ouke-Like Elo aes docswo Furs
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wo GENIE seven 1955 and 1995, groundwater extracted from
ook (Xl theWashington County Landfilaspartoftheindustrial
: IR sono roncmon vas aid 102 vty some

> - Es over. Tui sewer ulimaly discharges to Raleigh
he FNRI Cicek pprovimacly 2 kn mor of Exe Poin Lake
Rt Joel (Figure 4) MDH estimatesmore than 450kg PFBAand
Qh 2 Jl 35 ke PFOA wre discuresd o the creck during this

\ { SPREE inc (ATSDR, 2006)

vag A REINA roc point Lake and Lake Emo are chssifed as
Eo osS ERM  -10u rouei ties, whore groundvacr recge
KAS Bret : and discharge occur in differen parts of the lakes

4 % i (Washinglon County, 2014). Groundwater discharges
Lr : Par I (0 Eagle Point Lake fromthe north and recharges back

erg dh JE omveve so wo sine
Le TX JE Gouna sso diciures to Like Fino fom the
AS 7 or an rechges back to the groundvaer ear the
Pi Sh cost andsoueas shorni i Il:lao REE

CEE Hisorcal, during flood sae, Eagle Poin Lake
ER er overflowed troughsreofwetlands to Lake Elo,
= I aii on the cast side of the groundwater divide. To control

Figure 2. Bedrock and hydrologic features flooding ofLake Elmo,apipeline was construcied from
and extent of PFBA contaminationin Eagle Point Lake to Horseshoe Lake.Souther Washington County. Areas without

shading indicateno PFC S0MmPies OYE DREN pec, yer gece nthe sates wer of Exgle Poin
Lake and Lake Elmo. As with Raleigh Creek, the

South and southwest i. downgradind)ofhe sie, ot lake water PFC conceratons corchied closely 0
pois” of cleared PROS concentrations (-2 gl) in groundvaer samples from ney OPDC wells (Figure
privat wells were denied. Ako, the plume souist 3, Table 1). PFCs have also ben detected in OPDC
ofthese “hot sot” has a distinctive “Fingering” patem wells downgradint (cast-southeasofHorseshoe Laks
(Fiawrs 3. Tis suggested tar ober factors besides aconcentrationsimilar fo ossdetceted in Laks Emo
simple comaninant anspor by region] groundvatr (samples GW-ta and SW-).
flow wer at work.

“The PECdaa lutte the ivesgroundwater
Groundwater-Suriace Water Interactions water erations which hep explain, in part, how PECs
Reviewofthe groundwater sampling data rescaled thn spied further than modeling predicted. For example
all PFOS detections in Lake Emo private wells were PFCs discharge from the groundwater 3 te Onkdale
located sou and west ofRaleigh Crock Figure 3) This Disposal Sie ito Raleigh Crock. Then, as the creck
inermien: secam emerges fom a sis of wetlands flows toward the city ofLake Emo, i rsitions froma
nar he 3M-Oskdae Disposal Sie, where high lvls gaining 10: losin scam ust cast of 1694), cingas
of PFOS (45000 iL) have been detected in the linearsoece ofPFCsrecharging othe groundwaterand
atcable sie. Sunplin of Raleigh Crck in 2006 co-ningling wilh the PFC groundwater phe sourced
decid concentaionsofPROS, PFOA, wd PFBA wp fom the Washingion County Landfill (Figure 4). At
108 unearth disposal sie and up 03 iL car the Eagle Point Lake, PEC from Raleigh Crock are added

“Bot spor” in Lake Emo (TSDR. 2005). The surface 1o those dischring 1 the hike fron the groundwater,
water concentrations correlated closely to PFC levels From Eagle Poin Like, some PFCs recharge 10 the
dered in he nearby prvae wells complied in the roundwater, sling in he area of comand
OSTPa OPDC upto 55 miclow growd sufice. wes south and souhvest of he lk, However, ome
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