
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. I 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. I 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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✓ 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.
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Figure 1. (a) General hydrogeology, (b) water usages, and (c) Water balance

Figure 4. Comparison of stream hydrograph (Lumber River) with surficial and confined aquifers’ well hydrographs after major hurricanes.

Figure 5. Calculated 

water level rise in the 

Black Creek aquifer 

(bottom), correlation 

between the Lumber 

River and well 

hydrographs (middle), 

and peak lag times 

between surface water 

levels and groundwater 

level (top) recorded 

after Hurricanes 

Florence, Michael, and 

Dorian in the study 

area.

Figure 3. Data collection methods employed in the field (a & b) and lab (c, d, 

& e) and data processing for calculation of Barometric Efficiency (f, g, h, & i).
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➢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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Figure 2. Cross 

section of the Black 

Creek aquifer 

showing breach of the 

confining layer and 

potential pathways of 

water movement in 

the aquifer. 

Hardin, Fine, and Spruill, USGS, 2003 

Source: NC DEQ story map
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Figure 6. Comparison between event-specific (left, three hurricanes) and 

seasonal (right) barometric efficiency for the Black Creek aquifer.
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