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BACKGROUND:

A flownetiis:one:method to-determine the groundwater path way'between twe: points.

An improvediflow net:was s6ught toidentify potential receptorsin the event't a hypothetical ground'
wéier release wereto:occur atthe:Prairie Island Nuclear Generating:Plant (PINGP). A flow netis:a static

snap shot’ ofa dyhamic system. It'is constructed using ground water glevations collected fromonsite
-wellsfor a:specific.date. To improve upon.the-current flow net; perspective was neéded:How:

representative is the“snap shot” for the entire year:

Recentstudies{USGS1997) suggested large rain events could cause:short term deviations-from the
ex»stmg flownet. in ,ght of this‘information, Xcel Energy developed a study to‘identify the:magnitude
and. quantlfy the duration ef'such changes:in flow.di wecmon

Projecr Desion
“The premise of this investigation was to identify short term changes in‘flow direction due:to the:
influence offlooding:or large rain events. ‘Seven (7) wells'were eq waterlevel tfansducers
-and data loggers. Hourly ground water elevations-were collected: mfthese seveny wells:from March:30,
2009 thiu December:16, 2009. Using methodology developed by Pinder (Velocity Calculation.From
Randomly tocated Heads; Pinder et al. 1981), hourly flow directionsiwere calculated for pre-defifed
areas:

Toimprove the PINGPs flow net, two methods were employed. Surfer, a commercially-available
mterpolat gram'was:used to produce a moreé accurate predicuon of ground water flow'paths but
{itdoes not Iend itself to processing:large amounts of time variablé data. Thé: methodology:-developed by
Pinder lends itself to processing large volimes of data, and thusiidentifying shortiterm upsets; however:
i lass/atcurate’than other methods. Thetwo methods complément éach’other by putting the more
accurate “snap-shot” in to perspective forthe full'year.

JRESULTS

‘Figure 1 depicts the PINGP site, and identifies:which wells werezequipped with: data ‘logge'r"s Figure 2.
presents: the hydrographs for the hourly data‘from seven wells: ‘plusiMlississippi River-and Vermillion
Riverelevations. Figures3. thiu 6 depict ground water elevation cantoiirsforthe site when all wells
‘werésampled and the approximate no-flow boundary.. The no-flow:belindary'is the approximate.
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Discussion

Hydrograph Aspects

Assshown:on Figure 2, the study period extended from March 30, 2009 thru.December 16, 2009.. Stage
datafror the Mississippi and Veriillion Rivers were:a ble starting on Februaty 6,,2000. As

“intended, this period included several. significant events,,,mcludmgthe, spring flood, and se,ver,al,!a_rg’e_ fain
‘events inJuly and August: The following observations.were made:

o Typical{non-flood) flow is from Mississippi'River (h:ghe‘ 'i-;head) to the groundwater under the
Prairie Island Plant to the Vermillion (lowest hea
study period.

& Thehiydrographs indicate ground water-elevatior
short lag time between flooding and the-rise in';grbhh&waterelevatnons_. Ground water
elevationsare also.slowerto recede.

o Ground waterelevations were higher than the Mississippi Riverand the. Vermillion River for
about fourweeks during the:spring flood period.. This:suggests that a brief reversal of flow
lfrdfn ‘g’rouﬁdwate’rftowa"rd the rivers) occursioveraboat 10% of the study period: ‘Groundwater
flow:during:this period-would likely be radially eutward from groundwater to surface wateér.

o Several large rain events (1”7 toZ”/day) occurred ust,- Ground water elevations rose
several inchesiin response to thisyprecipitation. However.all wells responded in a similar
fashion, suggesting no mounding'of ground:water.

‘Ground water Elevation Contour Maps

Ground water elevations were interpolated using Surferforfour sampling events. ‘Mississippi River and
tions; the inclusion.of these data resulted

Vermillion River elevations were included in the surfe
in the depiction of a strong southwesterly flow' dtrectvon Becatise watet flows from.areas:of higher
head toareasroflower head elevation, this southwesterly flowdirection appears to be-a reasonable
‘charactefization of actual flow conditions throughaut the:majority of the study period. This
characterization is alsa supported by the hydrograph:data and the.apparent higher head in the
‘Mississippi Riverrelative to the Vermillion River during:the:majority of the study period. The-following
obsérvations were made:

s Ground water flow paths (flow direction.is;perpendicular to elevation contours) generally trend
southwest.as described-above

o Radial flowis exhibited near P-10 due to localized mounding of the water table. The mounding
influence may be duethe presence of several'witer feattirés such.as the-cooling tower canals; a




surface:drainage-ditch and septic drain figlds. The-observed mounding :diminishés withina

short distance from the well returnmgz‘to"the predominant.southwesterly:flow direction..

e Grouid wi : ts aré depictes 3-6.. The lefgth: Y ai
rthe: tanl the steeper the gradient. Assummg similar

Hourly Flow Directions

alculated hourly; for fourar
Figure 8illustrates flow

e The predominantflow direction, spatially:and interms:of. duration;is.southwest (225:deg from
north). The greatest deviation from this predominant trend occurred:within 4-8 weeks after the

spring fleod..

«  During the months of April and May, Area 1 and Aread reported westerly flows, however
ground water. gradients were mgmﬂcant!y less.during these times and'the duration:of time:was.
short: Therefore the actual distance traveled;.in aswesterly direction;, issmall‘due to lower
gradients:and the short duration of the deviation:

s The four static flow. nets depicted:in figures:3:6’ correspond to.stable flow:conditions; .observed:
for'the majority of the year. These flow nets:arerepresentativefor the site throughout the.year
With'the possible exception of4-6 Weeks:after the ,:S'P’fin‘g“fféod,

‘CONCLUSIONS;

* Noevidence of ground water moinding was observed whichi correlated to large rain events.

»  Mounding was-observed near P-10.. Radial ground water flow was:noted. The numerous.

infiltration sources, (septic drain fields; drainage ditch;-and cooling tower canals)are believed to

coftribute to the mounding éffect.

‘Theinclusion of river elevations with-ground water elevationsim
Wwater contours:and hence the flow net.

e Theispring flood demonstrated the larg
mfluences extend 4-6 weeks after the:

 the exception of the 4-6 weeksafter

ards the:-Vérmillion River.

o. Theflow nets:presented in this report (Figures-3-6) represent flow paths for approximately 10
miiths ot of the year.

o Giventhe:short duration:and limited-areal’ extent'ef the flow reversals; a hypothetical release
froim the Prairie Island Plant-could mov tively'short distanice from the plant during a
spring flood event-before it would be: red:rected to'the predominant: flow direction {to the
Southwest).

© ‘Thedata collected during'this investigation:suggest:that:there:is no-direct ground water
‘pathway.connecting the PINGP and neighbos to the north and west of the plant. .

proves the'interpolated ground

‘influence uponiground water flowdirections. Flood
ecedes.
:spring flood; ground:water flows:southwest




»

o Caleulating hourly flow directions identified the months:of ApFI‘and May. as Having the greatest
potential forwesterlyflow. :Although the:significance of these.westerly:flows-is:considered
small, itisrecommended to construct additional flow nets; usingiallwells; during this period of

flux. . -
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River & Ground Water Elev (Ft)

Figure 2. PINGP 2009 Hydrographs
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Figure 3
Groune Woter Elevations and

8,

Flow Mectors for 7/11/2006
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Figure 4

Ground Water Elevatiorns ond

Flow Vectors for 779/2008
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Figure S
Ground Water Elevetions -and
Flow Vectors for 7/8/2009
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Figure 6. |
Ground Water Elevations and
Flow Vectors for 12/16/2009
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Flgur‘e 7.
PINGP Ground Water Mom‘tor*mg System
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|GP Flow Directi
(See Figure 7 For Area Locations)
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