BIGSTORM EVENTS AND EXTENT OF WATER LEVEL CHANGES IN MONITORING
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ABSTRACT

Coastal regions of the southeastern Carolinas rely on the Cretaceous aquifers for
municipalities, industries, and agricultural water usage. This groundwater is deemed safe
and a reliable source of water in this region given the fact that these aquifers are
confined. However, it is not necessary that the aquifers have the same level of
confinement everywhere, especially under the streams that have vertical incised the
confining layer or where the confining layer is thin/missing. It is also noteworthy that
this region is experiencing higher frequency and larger magnitude of storm events
recently causing more frequent floods for extended periods that could exacerbate
groundwater. | have been monitoring groundwater levels and barometric pressure in
Robeson County since December 2017 using a network of 13 monitoring wells (county
wells) that are tapped into the Black Creek Aquifer. Well hydrographs show a similar
trend to the Lumber River following Hurricane Florence for several days. These findings
raise the question of whether the Black Creek Aquifer has a significant level of
confinement. | have analyzed groundwater level and barometric pressure data from the
county wells and state wells to study the characteristics of the aquifer. It is interesting to
see the influence of big storms on the groundwater levels in the Black Creek Aquifer.
The objective of this study is to find the degree of confinement to the Black Creek
Aquifer. There are implications for the public health, the environment, and the economy
of the region upon the aquifer having lesser confinement than expected.
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Figure 3. Dafa collection methods employed in the field (a & b) and lab (c, d,
& e) and data processing for calculation of Barometric Efficiency (f, g, h, & 1).

WELLS, ROBESON COUNTY, NC.

36.5 36.5
LittleField Alam
36 36
AWL =~ 449m AWL, =449m
355 A WLWcH: 0.34m 35571 A WLWCH: 1.73m 32.5
) Peak lag time=4.58 days 36.5 - Peak lag time= 1.02 days
35 SmithField >
E 36
=345 AWL_, =449m =345
= = | A Wi [
> > 2 -
3 4 > 3551 A WLWc"- 046 m B
b -
= - g Peak lag time= 4.85 days E
& o 35 o
335 S =~ £335 1
& E @
2 =345
33 ° 5 33
(0]
- 34 17.7 °
325 = = 32,5 1
é 335
32 & 32
33
31.5 T T - 26.7¢ 315 T T T T T 30.5
Sep 07 Sep 10 Sep 13 Sep 16 Sep 19 Sep 22 Sep 25 Sep 28 Oct 01 Oct 04 Oct 07 325 Sep 07 Sep 10 Sep 13 Sep 16 Sep 19 Sep 22 Sep 25 Sep 28 Oct 01 Oct 04 Oct 07
2018 2018
32
5 e il ‘ : ‘ e -
% acarree Sep07 Sep10 Sep13 Sep16  Sep19 Sep22 Sep25 Sep28  Oct01  Oct04  Oct07 5 SammyCox
¥ = 2018 E: 5
A WLy o =449 m AWL, =449m
3551 AWL, =026m = —— T 355 | AWL, =1.13m
) Peak lag time=0.62 days @ ; Peak lag time= 1.62 days
35 Marston 35
5/ 34 E Cedar!reek — 34
) D Fire Tow ]
> >
@ ® )
=3 34 =3 4 34
E S B | e BRI R A1 A P (N S L = e oo din asa N D E
g 33.5 S KNCL%URB Rex R!nnert DH,D"* £335
o dSpraigs t Pauls )
KNCREDSP2 a
2 1 Lumbee Sdtsa KNCSTPAUZ s 7 CFAAVETM 33
‘ Landfill \ 242
5% Poc Henderson o ? 325
Prospect Bethel Hill S""txe'd
82 Monitoring Well 1 o 32
31.5 2505 W 7 NN el NS kncEMBRT a7 315 : : I 38.8
Sep 07 Sep 10 Sep 13 Sep 16 Sep 19 Sep 22 Sep 25 Sep 28 Oct 01 Oct 04 Octor Wl | IN I/ o, GamesDial N { @eEibMBE2 ? Sep 07 Sep 10 Sep 13 Sep 16 Sep 19 Sep 22 Sep 25 Sep 28 Oct 01 Oct 04 Oct 07
2018 Dublin A Elzabethtow, 2018
KKKKK ZAT ;
KNZBLADE3
36.5 36.5
RexRennert Bladenbor McCain
36 36
A WL 449m AWL, =449m
iver River
3551 AWL,, =1.10m xuccﬁmxa 355 | AWL,, =067m
. Peak lag time= 0.15 days 4 2 Peak lag time= 2.5 days
35 : o 35
_5. 345 Carvea‘loore § 345
[} ) [}
8 g
4 34 o 4 34
E 5 Whitevile E
335 @ £335
n Lake Waccamaw )
33 54.¢ Wetes 33
State Pa
325 325
1.6
32 n A\ Weather Stations 32 =
Marion @ UsGS Wells
315 54.4 g/a B 12 Miles o i@ ncwieis 315 \ \ 1
Sep 07 Sep 10 Sep 13 Sep 16 Sep 19 Sep 22 Sep 25 Sep 28 Oct 01 Oct 04 Oct 07 = . Sep 07 Sep 10 Sep 13 Sep 16 Sep 19 Sep 22 Sep 25 Sep 28 Oct 01 Oct 04 Oct 07
2018 2018
36.5 40 36.5 36.5
Landfill Rowland UNCP
36 36 36
A WLRwar= 449m A WLRiver_ 4.49m A WLRrver: 449m
3551 A WLWcH: 0.57m 3551 A WLWcH= 1.18 m 355 A WLWcII= 094 m
. Peak lag time= 0.25 days 5 Peak lag time= -0.63 days Peak lag time= 2.66 days
- 35
—_ _ — _ s 49
£ ;= = =
=345 = =345 = a5
5 4 5 © S 245 9 S 3
& i & o s 4
2335 3 £335 3 ® 335
0 oo 24 Z 18.
33 33 33
9.4 ”
325 325 325 .
32 32 32
31.5 7 T T T T 39 31.5 7 T T T 23 31.8 7 T T T T T - 47.8
Sep 07 Sep 10 Sep 13 Sep 16 Sep 19 Sep 22 Sep 25 Sep 28 Oct 01 Oct 04 QOct 07 Sep 07 Sep 10 Sep 13 Sep 16 Sep 19 Sep 22 Sep 26 Sep 28 Oct 01 Oct 04 QOct 07 Sep 07 Sep 10 Sep 13 Sep 16 Sep 19 Sep 22 Sep 25 Sep 28 Oct 01 Oct 04 Oct 07
2018 2018 2018
' ' ' wi ' ifers’ well hyd hs afi jor hurri
Figure 4. Comparison of stream hydrograph (Lumber River) with surficial and confined aquifers’ well hydrographs after major hurricanes.
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Figure 6. Comparison between event-specific (left, three hurricanes) and
seasonal (right) barometric efficiency for the Black Creek aquifer.

CONCLUSIONS

The Black Creek aquifer has spatially and temporally varying water
levels, peak lag times, and rise in water levels during three hurricanes.

The Black Creek aquifer has noticeably different values of barometric
efficiency during the three hurricanes.

Bigger the storm larger the impact on the aquifer in terms of change in
water level and barometric efficiency.

Barometric efficiency exceeds its range indicating that the aquifer was
under higher influence of both natural and anthropogenic activities.

A short gap between two hurricanes means a lesser impact on the aquifer.

Both natural (storms) and anthropogenic (pumping) activities have
substantially influenced the groundwater levels.

FUTURE WORK

»Tease out natural vs anthropogenic signals from water level data;

» Process water level data to filter out barometric pressure independent
water level changes;

»Further analysis of Barometric efficiency;

»Estimate error in calculation of barometric efficiency;

» Identify aquifer responses to storms; and

»Estimate the degree of confinement of the aquifer.
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