
Groundwater-Surface water interactions 
 
Key points: 

(1) We CANNOT consider a surface water body without thinking about the groundwater 
a. Hyporheic zone (shallow interactions) 
b. Stream-aquifers interact 
c. Springs! 

(2) Groundwater moves as a result of a hydraulic head; surface water moves as a result of gravity 
(3) Interactions between groundwater and surface water may “shift” as a result of other factors  

a. Manmade factors (over-pumping, construction) 
b. Climate (droughts -> ET, flood -> shifting stream) 

 
Applicable standards (sans ANY creativity, and only for science): 
3rd Grade 3.E.2.1, 3.E.2.2 

Compare Earth’s saltwater and freshwater features 
Compare Earth’s land features 
3.L.2.1, 3.L.2.4 
Function of plant structures as related to the plant’s ability to survive (roots, 
stem/xylem) 
Basic properties and components of soils 

4th grade 4.P.2.3 
Classification of rocks (consider porosity in addition to formation processes!) 
4.E.2.3 
Provide examples of processes that shape the surface of the Earth (i.e. 
Geomorphology for Fourth Graders) 
4.L.1.1 
Discuss changes in an organism’s environment in terms of success of the organism 

5th grade 5.E.1.3 
Discuss climate patterns (relate this to changes in groundwater-surface water 
interactions) 
5.L.2.1, 5.L.2.3 
Discuss different ecosystems (salt marshes, fens, bogs—groundwater is SUPER 
important!) 
Show the connectivity of ecosystems 

6th grade 6.E.2.1, 6.E.2.3, 6.E.2.4 
Structure of the Earth (include a more detailed discussion of the near-surface!) 
Soil formation processes (climate, slope position, vegetation, time, and parent 
material are the primary factors affecting the type of soil that forms—
groundwater-surface water can be spiraled throughout) 
Sustainability: make sure to discuss groundwater-surface water as part of this 
6.L.1.2 
Discuss evaporation and transpiration in terms of water budgets (spiral math) 
6.L.2.3 
Introduce biomes and include the relative importance of groundwater/surface 
water 

7th grade 7.P.1.2 
Discuss forces acting on surface water vs. groundwater 
7.E.1.2, 7.E.1.5, 7.E.1.6 



Show how water moves through the atmosphere; include groundwater in the 
discussion of the water cycle 
Climate’s effects on surface water-groundwater and vice-versa 
Sustainability: include groundwater-surface water as part of this 

8th grade 8.P.1.2 
Properties of elements—discuss the solubility in water (this is important for 
contaminant transport!) 
8.P.2.1, 8.P.2.2 
Renewable vs. non-renewable forms of electricity production—discuss fracking 
and the potential effects of irresponsible fracking on groundwater resources (and 
bring in connectivity between groundwater-surface water system) 
8.E.1.1, 8.E.1.2, 8.E.1.3, 8.E.1.4 
Water distribution on Earth (excellent opportunity to show the relative importance 
of groundwater resources for consumption) 
Ocean water (which also interacts with submarine aquifers) 
Water safety—excellent opportunity to compare chemistry of well water vs. 
surface water 
Sustainability: human and ecosystem health rely on clean water 
8.L.1.1 
Groundwater-surface water interactions and their impact on contaminant 
transport; soil as a “natural filter” for nasty things 

Physical Science PSc.1.2.1, PSc.1.2.2, PSc.1.2.3 
Discuss g and weight; use this as an opportunity to distinguish between forces 
acting on groundwater flow vs. those acting on surface water flow 
Friction and its importance to flow 
Newton’s Laws of Motion: second law (if using math)—discuss pressure vs force 
PSc.2.1.1 
Use groundwater/surface water contamination as example of solution 
PSc.2.2.1-6 
Groundwater and surface water chemistry provides excellent examples for basic 
chemical reactions; the kinetics are straight forward and the chemicals are deadly 
(and thus cool) 

Biology Bio.1.2.3 
Explain how unicellular organisms can survive in extreme environments 
(extremophiles in hot springs, weird little dudes around “black smokers” on the 
ocean floor) 
Bio.2.1.1 
Incorporate discussion of hyporheic zone in water cycle’s importance to life 
Bio.2.2.1 
Explain how humans affect the environment; discuss anthropogenic effects on 
groundwater and surface water 

Chemistry Ch.3.1, Ch.3.2* 
Groundwater and surface water chemistry may be used as an application for all 
objectives 

Physics Phy.1.2.4 
Explain the effect of forces on objects; groundwater provides an excellent example 
of a system upon which multiple forces act 



EES EEn.2.1.3, EEn.2.1.4 
Understand earth surface processes, many of which are dramatically affected by 
surface and groundwater 
Earth surface hazards are affected by moisture content of rocks 
EEn.2.2.1, EEn.2.2.2 
Human impacts on surface processes; include overpumping of aquifers, diversion 
of surface water, etc. 
Opportunity to discuss fracking, including a discussion of how irresponsible 
fracking processes may affect groundwater and surface water resources 
EEn.2.3.1, EEn.2.3.2 
Explain how water can transfer energy (currents and heat transfer) 
“Explain how groundwater and surface water interact.” Woohoo! 
EEn.2.4.1, EEn.2.4.2 
Discuss how humans affect groundwater and fresh water resource availability 
through withdrawal, use, construction, and putting water back into the 
environment 
Examples of anthropogenic effects on NC water quality include the Haw River coal 
ash spill, eutrophication of estuaries on the coast, contamination of groundwater 
from super fund sites, etc. 
EEn.2.8.2, EEn.2.8.3, EEn.2.8.4 
Discuss the effects of agricultural practices on water resources 
Effects of uncontrollable population growth on Earth’s resources—water is very 
much a hot topic (a great documentary is “Last Call at the Oasis”) 
Recycling and water: the “nonrenewability” of groundwater (a renewable 
resource) 

Standards from http://www.dpi.state.nc.us/acre/standards/new-standards/, interpretations my own 
*I have quite a few practical examples of this; please email me at madelynp@live.unc.edu for this 
material! 
 
Water cycle: we cannot forget to teach the groundwater component, and thus, surface water-
groundwater interactions! 

- Surface water infiltrates into aquifers (permeably materials that host water) 
- Groundwater feeds into surface water systems via springs 
- Hyporheic exchange (small-scale fluxes between surface water and shallow groundwater) 

has an important impact on biology 
- Changes in groundwater’s hydraulic head affects surface water 

 
Vocabulary associated with large-scale groundwater systems: 
Aquifer:  layer of material (rock or sediments) with high porosity and permeability; a groundwater 
resource 
 Unconfined aquifer: aquifer with an impermeable layer below it, but the layers above are 
permeable 
 Confined aquifer: aquifer sandwiched between two impermeable layers 
 Perched aquifer: aquifer that lies above the regional water table 
Water table: divides the saturated and unsaturated zones; all openings (pore space) below the water 
table have water. The depth to the water table depends on a number of factors, including climate and 
the rate at which water can infiltrate through the unsaturated zone 

http://www.dpi.state.nc.us/acre/standards/new-standards/
mailto:madelynp@live.unc.edu


Aquitard: sediments or rocks that do not allow water through over short time scales; retard the motion 
of water 
 
Groundwater and surface water move as a result of different factors! 
Groundwater movement depends on hydraulic head, the potential energy available to drive the flow of 
a given volume of groundwater 

 GROUNDWATER ALWAYS FLOWS FROM HIGH HYDRAULIC HEAD TO LOW HYDRAULIC HEAD 
Conversely, surface water’s motion depends on gravity; as we are all aware, water flows downhill unless 
some other force acts upon it 

 SURFACE WATER FLOWS DOWNHILL  
 
The way that groundwater and surface water interact is not unchangeable; over time… 

(1) Groundwater pumping: Creates a “cone of depression” (an area with a steep hydraulic head 
gradient around a well) -> water flows into the cone of depression from surrounding aquifer 
-> general lowering of the water table -> as the water table lowers, stream depth may be 
affected 

(2) Construction: Changing the course of rivers -> affects hyporheic zone/recharge and 
discharge areas across a landscape -> affects water table height 

(3) Climate factors: Drought -> introduces water stress on plants, which suck up as much water 
as they can from the soil -> decreased rates of infiltration -> water table lowers -> stream 
depth may be affected more than it already is 

(4) Climate factors: Flooding -> stream channel shifts -> changes recharge/discharge areas 
across the landscape -> affects water table 

 
Pollution can move between groundwater and surface water 

(1) Dan River coal ash spill—potential effects on the hyporheic zone? 
(2) Superfund sites—major areas of groundwater transportation that affect well water and surface 

water 
(3) Concentrated Animal Feeding Operations (CAFOs)—unlined cess pits introduce nitrates, 

bacterial, phosphates into groundwater; spills affect surface water  eutrophication along the 
Carolina coast 


