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ABSTRACT

Excessive groundwater pumping can decrease the mnoduresh water flowing towards the coastal
discharge areas, allowing salt water to be drawa the fresh water zones of coastal aquifers. This
process gets complicated with the frequent changlgatior of groundwater levels in observation
wells. The fluctuation happens due to various reasbut can be directly correlated with the
precipitation patterns. We hypothesized that tHimisp of water adds to the complexity and affetiie
causal relationship between precipitation and weller depth. Relevant data (precipitation, wellavat
depth and water salinity) were collected for analyfsom a monitoring site located in North Carolina
Analytical study of mean monthly data identifiecetlack of a strong correlation between the water
table depth and precipitation. Moreover, the safinivas found to be slightly correlated with
precipitation. A significant correlation was expetdtbetween the precipitation and well water depth
and salinity should have been more closely relatedhe precipitation. The lack of correlation is
mainly attributed to the lack of available dailytaaespecially in the case of salinity.
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1. INTRODUCTION Fresh water has a lower specific density thanveatier
so it will float on top. The boundary between thé water
Today many areas of the world are facing a shortageand fresh water is not very clear but there existene of
of water supply due to droughts and problems rdlsge  dispersion where the salt water and fresh water. mix
losses in the water supply system. It will contiroe  Typically, groundwater will flow from areas with ghier
rise in the future under rapidly growing population groundwater levels to areas with lower groundwiategls.
urbanization and uncertainty with the impacts of This natural movement of fresh water towards the se
climate change. The water shortage has led patteof ~prevents salt water from entering freshwater cdasta
population to look for additional water supply by aquifers. Excessive groundwater pumping can deereas
drilling private and public wells. One of the major the amount of fresh water flowing towards the calast
factors of the water shortage is the increase ofdischarge areas, allowing salt water to be drawa in
urbanization of coastal areas which is causing athe fresh water zones of coastal aquifers. Thisaext
decrease in the natural recharge of aquifers. @és- ~ pumping can cause problems especially in coastalsar
exploitation condition increases the risk of seawat Wwhere the pumping of the fresh water aquifer create
intrusion and causes the aquifer system to be uader pressure vacuum which can draw salt water from the
severe threat of degradation (Montenegral., 2003).  ocean to mix with the aquifer.
Many groundwater basins have limited ability to get  These challenges can be met by using new methods
rid of their excess salt. Additional salt accumeatatn to increase alternative water sources, including
the soil over time reducing the agricultural utiliof recycled water and storm water. Although the
the soil. High salinity has many adverse impacts onscientific community is encouraging and supporting
the use of groundwater resources. the increased reuse of discharge water and storm
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water, there are concerns about salt and nutrienis generally modeled as a quantity of flow whicketa
loading of groundwater basins as a result of theseappears in the stream as a baseflow (Amatya and Jha
activities (Montenegret al., 2003). 2011; Amatya et al.,, 2011; 2013; Jha, 2011).

The main key to controlling saltwater intrusiontés ~ Groundwater levels will increase and decrease due t
maintain the proper balance between water beingmany different causes. The change in the water tabl
pumped from an aquifer and the amount of waterlevel will occur over different time scales. Lorgph
recharging it (Xueet al., 1993). Constant monitoring of fluctuations, which occur over long periods such as
the salt-water interface is necessary. The maimoaub decades or centuries, can be produced by naturally
to quantifying the amount of salinity is to meastine occurring changes in climate and human activityhsas
discharge and salt concentrations at gauging saand  changes in land usage, pumping, irrigation and éadu
compute the salt burden. Other approaches involvenfiltration (Healy and Cook, 2002). Seasonal
measuring with environmental tracers at high spatia fluctuations are more common in many areas dudeo t
resolution and employing dynamic simulation toals t seasonality of evapotranspiration, precipitationd an
interpret the results (Moran, 2009). One of the enor irrigation. Short-term water-table fluctuations aaused
popular methods to control saltwater intrusiorhimtigh by rainfall, pumping, changes in the barometricsptee
the use of deep recharge wells. These wells ceehigh or other phenomena. Long-duration, low-intensity
potentiometric surface, which allows for the pungpof precipitation events are not optimal because tbav,sl
groundwater below sea level landward of a groundiwat steady rate of water percolation to the water tabés
ridge created. In some instances, barrier welletmen  not be greater than or equal the rate of humanechus
set up near the shore to pump out salt water aafthrge  drainage from the water table (Healy and Cook, 2002
a fresh water gradient toward the sea (De BreuaB8p One factor adversely affecting the groundwater wate

Two other significant influences on salinity inckud table is the destruction of wetlands. Kelly (201@)nd
solute concentration from evapotranspiration andthat there was a time lag of several days betwhen t
geochemical reactions of solutes by irrigation watith time of precipitation and the increase of the gtbwater
the minerals and gases present in the soil. Uradwetisty level. Also, the amount of water which would nortypal
the salinity sources and dynamics are the key & th infiltrate into the groundwater was found to deseea
development and evaluation of measures to mitiga#e  mainly due to urbanization.

groundwater salinity (Moran, 2009). There are salver In conclusion, the problem that needs to be solsed
scientific laws which play a factor in the salindifemma, how to get additional water without creating saltev
especially when looking at agriculture (Alley andyfor, intrusion which occurs when groundwater is pumped

2001) including: (a) It is physically impossibleitagate ~ from aquifers that are in hydraulic connection witle
using salty water without some water, salt andogin ocean. The induced gradients cause the migratiwalof
passing below the root zone; (b) Almost every timager ~ Water from the sea toward a well, making the frestiew

is used, the released water has higher salt cotitiant ~ Well unusable. We hypothesize that a more informed
intake water, which contributes to the growth og th decision on the sustainable use of groundwateurese

salinity problem; (c) The salt concentration outra root ~ ¢@n be made by determining the role of water sglini
zone is more concentrated than irrigation wated @f) the relationship of precipitation and water tabkpith.

Chemicals in the soil strata below the root zont g | S Study attempts to quantify this relationship b

mobilized by flowing water. Hydrologic studies andter analyzing long-term data.

quality monitoring are essential to help betterarmthnd

the movement and interaction of fresh water andwsstier 2.MATERIALSAND METHODS

in the subsurface and determine the best coursiedde

manage saltwater intrusion. Potentiometric surface

mapping of an aquifer can provide important infotiora The monthly precipitation data was acquired from th

determining the direction of groundwater flow witha State Climate Office of North Carolina from their

confined aquifer. The monitoring of well networkibars CRONOS Database. The data was obtained for the

continuous observation of the saltwater interfadgs is monitoring site at the Dare County Airport for theriod

done to provide early warnings of saltwater intvasi between April 2007 and March 2011. The data is
Another important factor is the amount of displayed iriTablel and plotted graphically iRig. 1. The

precipitation an area receives and its effect endbpth ~ monthly mean was calculated for each month basetieon

of the water table. Water infiltrated into the gndwater  available measurements in five yedfigure 2 shows the

2.1. Precipitation Data
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comparison between the measured precipitation ofi ea From this data, monthly averages were obtainedalior
month and the computed monthly mean. The data waghree valuesKig. 3).
somewhat skewed due to 2007 having a severe drought Some of the daily averages for the month of
and 2010 having a significant increase in rainfall. September seem glaringly high. One possible reason
.. might have been due to hurricanes or tropical sédvort
2.2. Groundwater L evel and Salinity Data the September precipitation data is only just s$ligh
Groundwater level data was acquired from the Unitedhigher. Another potential causes could stem froe th
States Geological Service (USGS) website. The siteAlligator River flooding. It is difficult to tell vithout
chosen was USGS gage number 0208117839, locatenowing which year the high measurements were taken
within the Alligator River National Wildlife Reseey A monthly mean was calculated from the three yeslyd
just off the Alligator River where it intersectsttviUS ~ average for each month.
Highway 64 in Tyrrell County in North Carolina. The The other relevant data that was collected was the
data obtained was comprised of a three year avarhge salinity of the unconfined aquifer measured by the
daily measurements for the depth of the water table ~ USGS well.Figure 4 shows the three year daily mean
the salinity of the aquifer at depths of 5 and #@tf  of salinity at an aquifer depth of 5 feet and 16tfe
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Fig. 1. Monthly precipitation measured at the Dare Countyp@it monitoring site in North Carolina
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Fig. 2. Comparison between monthly precipitation and averagnthly precipitation
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Fig. 3. Monthly mean well water depth
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Fig. 4. Monthly average salinity in PPT at an aquifer degfth ft. and 10 ft

Table 1. Monthly precipitation totals for the Dare Countyrgort monitoring site

Precipitation (in.)

Mon./Yr. 2007 2008 2009 2010 2011 Mean
Jan - 1.42 1.29 5.24 0.55 2.13
Feb - 2.59 1.18 1.42 1.09 1.57
Mar - 1.12 2.53 2.99 3.05 2.42
Apr 1.86 2.73 0.73 1.10 - 1.61
May 0.95 - 2.44 1.90 - 1.76
Jun 0.24 - 3.03 2.23 - 1.83
Jul 2.02 0.44 1.77 5.14 - 2.34
Aug 0.86 1.24 5.30 1.46 - 2.22
Sep 1.87 4.39 2.45 6.55 - 3.82
Oct 0.59 1.19 0.14 1.53 - 0.86
Nov 0.63 5.44 7.60 1.09 - 3.69
Dec 2.54 1.46 7.58 1.13 - 3.18

Salinity at different depth seems to fluctuate witha
consistent pattern. This result is somewhat siimgras one
would think that since salt water is denser thasHrwater;
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higher concentrations of salt would reside at tBefeet
depth. However, in the higher temperature portiointhe
year, the salinity concentration is higher at tliees depth.
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3. RESULTSAND DISCUSSION 3.2. Salinity ver sus Precipitation
T Figure 6 exhibits moderate correlation between the
3.1 Precipitation versus Well Water Depth precipitation and salinity. Both are often increasior

Figure 5 shows the monthly average well water decreasing at the same time. The short time persed
depth as compared with the mean monthly {0 calculate the mean may be unduly influencing the

precipitation. There does not seem to be a strongrefl.?tt'otr.‘Sh'?' Ott?]er pot_er_lttl?l Cla.US§ m?ythti)é? t.due to
correlation between the amount of precipitation andmfI rr]a |on| rom the prﬁ0|p| ation ea} Ing 1o |l<Jj '%n
the depth of the water table. The only time the two ° the salt water. Other source of error could be t

. - . precipitation data, mean of which is sensitive tesimg
values seem to be in synch is during the month$1fro  yat5 or errors in measurement.

October to November. The September data seems like o L
an outlier on this graph. Perhaps a daily compariso 3-3- Salinity versus Precipitation and Well
would be more accurate and show a possible strong Water Depth

relationship with the actual lag time between  Figure 7 attempts a comparison of all data obtained
precipitation and the depth of the water table. Theto try and discern any additional relationships.idt
only obstacle to this was the lack of daily datanfr  apparent that no other inferences can be made tinem
the USGS groundwater monitoring well. data.Table 2 displays the results of a t-test.
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Fig. 5. Graphical representation of mean monthly precijitaand mean well depth
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Fig. 7. Monthly mean values for all measurements obtained

Table 2. Results from t-test statistics

Month Salinity at 5 ft. Salinity at 10 ft. Preciaiton (in.) Well water depth (ft.)
Jan 3.57 3.92 2.13 0.93

Feb 2.68 2.75 1.57 0.64

Mar 2.87 2.81 2.42 0.93

Apr 2.02 2.05 1.61 0.83

May 2.05 2.05 1.76 0.98

Jun 1.71 1.92 1.83 1.16

Jul 1.94 2.19 1.27 1.27

Aug 3.02 2.52 2.22 1.27

Sep 2.49 2.10 3.82 4.30

Oct 2.55 2.64 0.86 0.89

Nov 3.59 4.04 3.69 1.11

Dec 3.97 4.45 3.18 0.51

Mean 2.71 2.79 2.20 1.23

Std. Dev. 0.73 0.87 0.93 0.99

Z Value 12.89 11.06 8.16 4.31

The calculated Z values show a very close relaltiipns The biggest influence on this disconnect was

between the average salinity at 5 and 10 feet.€lfer  probably due to the lack of available daily dataménth
more of a correlation between the precipitatioradhin s just too big of a time period to be able to dewubtle
the depth of the water table. changes. Another reason the expected relationsatid
appear is that the USGS data was only obtainalde vi
4. CONCLUSION three year averages. Without knowing which valuesew

This study attempts to relate groundwater saliwiti obtained at what dgtg "’?“d the _circumstances _sw‘hmgln
well water depth and precipitation. A site in North the measurem_ent, Itis |mp055|ble to know whictadat
Carolina was chosen for the case study. Relevaiat da €XClude as being too high or low due to error dreot
were collected from respective sources such as Ug@s Causes. The next step in this research could iedea
NC Climatic Data Center. Data analysis identifieel lack ~ Way fo obtain the daily measurements needed either
of a strong correlation between the water tabletdapd ~ through early planning and gathering the precijitat
precipitation. A significant correlation was expmtt data every 180 days and possibly through USGS well
between the two with a brief lag time between the measurements at other locations nearby which could
precipitation and the well water depth. Also, tladirsty serve as a point of comparison. Overall, proper
should have been more closely related to the ptatigm. groundwater monitoring techniques and groundwater
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