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AN IMPROVED FLOW NET TO EVALUATE
FORA%

PRAIRIE ISLAND NUCLEAR GENERATING PLANT

(PINGP) GROUND WATER INVESTIGATION:
PATHWAYS
OTENTIAL GRQUND WATER‘

- Prepared by:.

Chuck Donkepéjcel Energy

December 2009




_BACKGROUND:

A flownetiis;one:method to-determine the groundwater path way:between two:points.

An improved:flow:net:was soughtto identify poténtial receptors.in the event th a:hypothetical ‘grou‘n‘d'
water cel"eas'e were 'tooccur ait"'the"Prairie‘l‘sland"Nudear 'Genera’i’ingsi’l:ant (:P'IVNG'P) A flow netisa static
‘snap shot’ S ¢ nsite
~we’ll§:€for a,spec;ﬂc.date To improve. upon,the current ﬂow netﬂ persgectiv,e was needed:-f,How*
representativesisthe “snap shot” for the-entire year:

Recent studies{USGS1997) suggested large rain events could cause:short term deviations:from the
. i |ght of thisinformation, Xcel Energy developed a study to' identify the:magnitude
and. quannfy the duration of'such changesiin flow. dlrectton

ProiECtDesion

The premise of this ifivestigation was to identify short term changes in'f
influence of flooding:or large rain events. ‘Seven (7) wells'were equipped.with.water level transducers
-anddata loggers. Hourly ground water elevations-were collected:inthese sevenwells:from March:30,
2009 thi Decermibier:16, 2009. Usirig methodology developed by:Pinder-(Velocity. Calculation From:
Randomly tocated Heads; Pinder et al. 1981), hourly flow directionsiwere calculated:for pre-defined
areas.

To lmprove the PINGPs flow net, two methods were-employed. Surfer; a commercially-available

dnter rram'was:used to produce a more accurate predicuon of ground water flow'paths but
it-does not Iend itself to processinglarge amounts of time variable data. Théimethodology:developed by
Bmder‘lends‘,gt;self to processing large volumes of data, and thusidentifying shortiterm upsets; however:
iitiis less accurate‘than othier methods. The'two methods complément each’other by putting the more
accurate “snap:shot” in to perspective for:the full-year.

;RESULTS

‘Figure 1 depicts the PINGP site, and identifies:which wells were'equipped with:data loggers. Figure 2
‘presents the hydrographs for the hourly data from seven wells plus:Mississippi River and Vermillion
River elevations. ‘Figures:3 theu 6 depict ground water elevation cgnitoiirs forthe site when all wells
werésampled and‘tﬁeapproXimate no-flow boundary.. The no-flow. boundary'is:the approximate




ncrthémaﬁa Westem‘nmit o‘f“ftow or?giné’fih’g‘ffdm‘the»-PlNGP- Fi‘gufe 7 i‘IlUstrates t’he ind’i”\is‘du‘al'ﬂpw

cdlrectlon v
‘theé PINGP
Discussion

Hydrograph Aspects

Assshown.on Figure 2, the study period extended from March 30, 2009 thru.December 16, 2009.. Stage
data fron the Mississippi and Veriillion Rivers wereav le starting on Februaty 6,,2000. As:

“lintended,:this period included several significant ev luding the spring flood, and vse,ver.alrla.rg’e_ fain
‘events inJuly and August: The following observations.were made:

o Typical{non-flood) flow is from Mississippi River (h;ghest head) to the groundwater under the
Prairie Island Plant'to the Vermillion! (Iowes This conditioh occursover about 90%:of the:

study penod

short la,}g,.vt:me between .ﬂoodmg and. thense m.gronnd water elevatlons_. Ground water
elevatiohs:are also slower to recede.

o Ground water'elevations were highér than thie Mississippi. River and the Vermillion River for
about fourweeks'during the:spring flood period.. This suggests that a brief reversal of flow
(from groundwater toward. the rivers) becursiover:about 10% of the study period: ‘Groundwater
ﬂow;duri’rigithi's period-would likely be: radially.outward:from groundwater: to surface water.

o Sevéral large rain everits (17 to2"/day) #in August. Ground water eleyations rose
several inchesiin response to thissprecipitation. However.all wells responded in a similar
fashion, suggesting no mounding'of groundwater.

‘Ground water Elevation Contour Maps

Ground water elevations were interpolated using Surférforifour sampling events. ‘Mississippi River and
Vermillion River elevations-were included in the _s}g,,rf,g;ggg[ ons; the inclusion.of these data resulted
in the depiction of a strong southwesterly flow difection. Because water flows from.areas:of higher
head to areascof lower head elevation, this southwesterly flow direction appears to be a reasonable
‘charactefization of actual flow conditions throughoutthe:majority of the study period. This
characterizationis also 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. Thefollowing
observations were made:

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

» Radial flow is exhibited near P-10.due to localized mounding of the water table. The mounding
influence may be due the presence of several'witer featlirés such:as the-cooling tower canals; a




surface:drainage:ditch.and septic drain fiélds. The observed mounding :diminishés withinza
short distance fi fiom ‘the'wei! fret‘urn'ing-‘t'o“i’:fh‘g predominant.southwesterly:flow direction..

: ; -6.. The lengthio iy
e tanl the:steeper the-gradient. Assummg similar
'ge,qlo,gy, th!sggenera,_llwnd,;.c;a.t,es‘faste.c ‘travel velocities.

Hourly Flow Directions

alc

ulated hourly; forfou
-igure 8illustrates flow

jdirections we
arly directi

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

o Dunng the'months of April and May; Area 1 ¢ “4.reported westerly flows, however
grotind water gradients wereh's!gﬁificantiy lessdi he duration'of time:was.
short. Therefore the actual distancetraveled;.in a’westerly dtrectu;m is'small’due to lower
gradients:and the short duration of the deviation:

& The four static flow. nets'depicted:in’ figures:3:6° correspond to.stable flow:conditions; observed
for'the majority of the year. These flow netsareirepresentativefor the site throughout the year
With'the possible exception of4-6 weeks:after the ,:S'Pfr‘ir')w'ﬂ‘éod,,

rL

‘CONCLUSIONS:

» Noevidence of ground water mounding was observed which correlated to large rain‘events.

o Mounding:was-observed nearP:10.. Radxai ground water flow was:noted. The numerous.
infiltration sources, (septic.drain fields; drainage ditch;:and cooling tower canals)are believed to
contribute to the mounding éffect:.

‘Theinclusion of river elevations with-ground water elevationsimproves the’interpolated-ground
Water contours:and hence the flow net.

e Thespring flood demonstrated the largest influence upon:ground water flow directions. Flood

influences extend 4-6 weeks. after th ecedes.

' ’ tion of the 4-6 weeks:aftert ring flood; ground:water flows:southwest.

tow rmillion River.

o. Thi *ﬂow nets presented in this-report. (Figures:3-6) represent flow paths’ for approxnmately 10
months out of the year.

Given the:short duration and limitedareal ‘of the flow reversals; a hypothetical release
‘froim the Prairie Island Plant could mové on latively'short distafice from the plantduring a
spring flood event before it would bezredi”recfedﬁfoithez_‘.predomi'nant;ifl'ow‘ direction {to the
‘Southwest). '

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




o Caleulating hourly flow directions identified the months'of Apriland May.as Having the greatest
potential forwesterly‘flow. :Although the significance of these.westerly:flows-is:considered
small, itisirecommended to construct additional flow nets; usingiall:wells; during this period of

fox. Q .
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(See Figure 7 For Area Locations)
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