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Assessment of Well Withdrawal Assessment of Well Withdrawal 
Impacts on Surface WaterImpacts on Surface Water

Do groundwater withdrawals reduce streamflow?

If so, can reductions to groundwater pumping 
be used at low flow times as one type of 
management strategy to meet instream 
flow needs?

How effective are such strategies in comparison 
to other withdrawal reduction strategies?
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Do groundwater withdrawals 
reduce streamflow?

If the groundwater had not been pumped, If the groundwater had not been pumped, 
where was it going?where was it going?

Discharge to river, tributaries, or other Discharge to river, tributaries, or other 
surface waterssurface waters

Continued groundwater movementContinued groundwater movement
Deeper groundwater circulationDeeper groundwater circulation
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Can reductions to groundwater 
pumping be used at low flow 

times as one type of 
management strategy to 

meet instream flow needs?

Are individual wells inducing river water Are individual wells inducing river water 
recharge?recharge?
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Ambient Groundwater Ambient Groundwater 
HydraulicsHydraulics
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Effect of Relatively Small Effect of Relatively Small 
Quantities of Groundwater Quantities of Groundwater 

WithdrawalsWithdrawals
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Effect of Increasing the Effect of Increasing the 
Quantity of Groundwater Quantity of Groundwater 

WithdrawalsWithdrawals
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Effect of Groundwater Effect of Groundwater 
Pumping Even When Well is Pumping Even When Well is 
Physically Above the RiverPhysically Above the River
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Induced RechargeInduced Recharge

Since water resources operate on the watershed scale,
in general, if the slope of the groundwater table is
towards the river, then groundwater pumping has
the likelihood of removing water that ultimately would
have flowed in the river.

Induced recharge is surface water directly captured
by groundwater pumping.

If the river discharge falls below the recommended ISF 
values, the most immediate flow control management
strategy for groundwater is to halt induced recharge.
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Stagnation PointStagnation Point
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Short Term Groundwater Short Term Groundwater 
ManagementManagement

When the stagnation point reaches the
river, the well induces recharge from the
river.  Therefore a short term management
strategy to improve (increase) river flow is
to halt induced recharge.  This would be
accomplished by reducing the well pumping
rate.



1515

Methodology for Well PumpingMethodology for Well Pumping

Distance from well to stagnation point = x s (feet)

Q = well pumping rate (cubic feet per day)
T = aquifer transmissivity (feet per day)
i = the slope to the groundwater table

(dimensionless)
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Groundwater ISF StrategyGroundwater ISF Strategy

Compute well pumping rate to achieve xs
(this is Qs)

Compare Qs to actual well pumping (Qp)

If :
Qp < Qs continue pumping

Qp >  Qs reduce pumping to Qs
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Aquifer Thickness and Aquifer Thickness and 
TransmissivityTransmissivity
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Aquifer Piezometric MapAquifer Piezometric Map
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Methods for EvaluatingMethods for Evaluating
Induced RechargeInduced Recharge

1.Existing Study

2.Analytical Estimation

3.Field Measurements - Office

4.Field Measurements 
• Miniature Piezometers or Wells
• Seepage Meters
• Tracers
• Pumping Tests
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Existing StudyExisting Study

Reports submitted for large Reports submitted for large 
groundwater permitgroundwater permit
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Analytical EstimatesAnalytical Estimates

Use map or other existing aquifer Use map or other existing aquifer 
information along with pumping information along with pumping 
information to estimate information to estimate xxss and Qand Qss
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Field Measurements Field Measurements -- OfficeOffice
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Field Measurements Field Measurements –– Miniature Miniature 
Piezometers or WellsPiezometers or Wells
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Case StudyCase Study

Water supply well (Town of Pembroke, NH) Water supply well (Town of Pembroke, NH) 
along the along the SoucookSoucook RiverRiver



2626

Site DataSite Data

Well construction Well construction –– summer 1993summer 1993
Pumping Test Pumping Test –– November, 1993November, 1993

650 gpm650 gpm
T = 3800 ftT = 3800 ft22/day/day
S = 0.1S = 0.1
i = 0.03i = 0.03

Permitted Yield Permitted Yield –– 505 gpm505 gpm
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Analytical MethodAnalytical Method

Q = 650 gpmQ = 650 gpm
T = 3800 ftT = 3800 ft22/day/day
S = 0.1S = 0.1
i = 0.03i = 0.03
Distance from well to river = 140 ft.Distance from well to river = 140 ft.

xxss = 175 ft= 175 ft
QQss = 520 gpm= 520 gpm
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