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Hydrologically  
connected area 



 Geographic area within which groundwater is hydrologically 
connected to surface water 

 10/50 Area: one type of hydrologically connected area 
 Within 10/50 areas, at least 10% of the water pumped over a 

50-year period is from streamflow 
 

HYDROLOGICALLY CONNECTED AREA 

Source: wellwater.oregonstate.edu Source: ga.water.usgs.gov 



 

CALCULATION-NUMERICAL APPROACH 

Baseline 

Scenario 

𝐴𝐴0 = 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 

𝐵𝐵0 = 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊_𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 

𝐴𝐴 = 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 

𝐵𝐵 = 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊_𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 

(A-A0)/(B-B0) 

≥10% ? 

in  
10/50  
area 

not  
in 10/50  
area 

Yes No 



A. Prepare modeling files with a time span of at least 50 years 
B. Add one hypothetical well to one model cell 
C. Run the MODFLOW program 
D. Run ZoneBudget program to produce the zonal water budget 
E. Post-process the ZoneBudget outputs  
F. Designate that model cell as 10/50 area, or not 
G. Repeat, placing a hypothetical well in the next model cell 

and loop through the above process until all model grids 
were designated 

BASIC PROCEDURE 



  

PROCEDURE FLOWCHART 



CYCLE WELL ANALYSIS (CWA) 



 Model-wide  
10/50 Area 

 Subbasin 10/50 
Area 

CWA POST-PROCESSING 



LINK RESULTS WITH GIS 
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NEXT… 



 
 Demands on water supplies to support hydropower uses 

 
 “Non-consumptive” uses 

 
 Equivalent demand  

relative to the basin’s  
virgin conditions 
 

 Three basins 
 Niobrara River Basin 
 Platte River Basin 
 Loup River Basin 

 
 

 

WHAT AND WHERE 



 On a daily basis 
 Components 
 Permitted cap on 

hydropower use (POW) 
 Streamflow 
 Groundwater depletion 

 Adjusted streamflow 
 Streamflow + GW depletion 

 
 

CALCULATION 

Hydropower Use 

streamflow Groundwater  
depletion 



CALCULATION - SCENARIO 1 

 If  the permitted cap < adjusted streamflow 
 Permitted cap of hydropower (POW) = 1900 cfs 
 Streamflow (SF) = 1800 cfs 
 GW depletion (GWD) = 200 cfs 

 Compare adjusted streamflow and permitted cap 
 Final demand = min[(SF + GWD), POW] 
 1800+200 > 1900 

 
 



CALCULATION - SCENARIO 2 

 If  the permitted cap > adjusted streamflow 
 Permitted cap of hydropower (POW) = 2100 cfs 
 Streamflow (SF) = 1800 cfs 
 GW depletion (GWD) = 200 cfs 

 Compare adjusted streamflow and permitted cap 
 Final demand = min[(SF + GWD), POW] 
 1800+200 < 2100 

 
 



 Downstream Demand 
 Amount of water typically received by downstream basin 

 Instream Flows 
 Permitted flow requirements for fish, wildlife, or recreation 
 Non-consumptive use 

 Surface Water Demand 
 Surface water demand for irrigation, municipal, or industrial uses 

 Net Surface Water Loss 
 Water necessary to convey surface water for consumptive uses 

 These components are explained in more detail in other 
presentations 
 

OTHER DEMAND COMPONENTS 
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