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Existing StudiesExisting Studies

Soil Conservation Service, 1941

USGS, 1983, 1996, 1999

Ecology, 1999, 2001, 2003

Ecology & USGS, 2002

Pacific Groundwater Group, 2002

Bureau of Reclamation, 2002

Private landowner data

Local government data

Water rights records

Well logs

On-going monitoring
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Ground Water Flow in the Ground Water Flow in the 
DungenessDungeness



How Groundwater MovesHow Groundwater Moves

USGS C1139



How Ground Water MovesHow Ground Water Moves

Water passes through different types of Water passes through different types of 
geologic material with varying degrees of geologic material with varying degrees of 
easeease

Hydrogeologists refer to this property as Hydrogeologists refer to this property as 
““Hydraulic ConductivityHydraulic Conductivity””



How Ground Water MovesHow Ground Water Moves

Hydraulic Conductivity is related to the Hydraulic Conductivity is related to the ““PorosityPorosity”” of a of a 
geologic material.  Porosity is related to the sizes of pores geologic material.  Porosity is related to the sizes of pores 
or fractures in the materialor fractures in the material



Hydraulic ConductivityHydraulic Conductivity
Varies by Material TypesVaries by Material Types

GravelGravel

Vesicular Basalt Vesicular Basalt 
(Primarily flow tops (Primarily flow tops 
and bottoms )and bottoms )

Sand Sand 

SandstoneSandstone

Silty Sand Silty Sand 

SiltSilt

SiltSilt--Clay Rich Clay Rich 
Sedimentary Sedimentary InterbedInterbed

ClayClay

Shale, MudstoneShale, Mudstone

Basalt Dense Interior, Basalt Dense Interior, 
Granite, etcGranite, etc

High Hydraulic High Hydraulic 
ConductivityConductivity

Low HydraulicLow Hydraulic
ConductivityConductivity



How Ground Water MovesHow Ground Water Moves

Ground water flow occurs based on Ground water flow occurs based on DarceyDarcey’’ss
Law:  Law:  

Q = K i aQ = K i a

Q  =  Discharge (Gallons per minute)Q  =  Discharge (Gallons per minute)
K  =  Hydraulic Conductivity (cm/sec)K  =  Hydraulic Conductivity (cm/sec)
i   =  Hydraulic Gradient (ft/ft or uniti   =  Hydraulic Gradient (ft/ft or unit--less)less)
a  =  Crossa  =  Cross--sectional area (square feet)sectional area (square feet)



Source of Water for WellsSource of Water for Wells

Water Balance (inflow = outflow)Water Balance (inflow = outflow)

Sources of water pumped from wellSources of water pumped from well
Increase in inflowIncrease in inflow
Decrease in outflowDecrease in outflow
Change in amount storedChange in amount stored



Aquifers and AquitardsAquifers and Aquitards

AquiferAquifer:  layer of geologic material that transmits :  layer of geologic material that transmits 
water relatively easily water relatively easily -- like sand, gravel, basalt like sand, gravel, basalt 
flow tops & bottoms, well sorted sandstoneflow tops & bottoms, well sorted sandstone……

Aquitard or Confining Layer:Aquitard or Confining Layer: layer of geologic layer of geologic 
material that transmits water very slowly material that transmits water very slowly -- like clay like clay 
or dense rockor dense rock



Aquifers and AquitardsAquifers and Aquitards

USGS C1139



Two Primary Types of AquifersTwo Primary Types of Aquifers

Unconfined Unconfined 
(Water Table)(Water Table)

ConfinedConfined
(Artesian)(Artesian)

USGS WSP 2220USGS WSP 2220



Unconfined and Confined Unconfined and Confined 
AquifersAquifers

USGS C1139



Ground WaterGround Water--Surface Water Surface Water 
InteractionInteraction

USGS C1139



Ground Water Flow in the Ground Water Flow in the 
DungenessDungeness



Dungeness River Discharge & Dungeness River Discharge & 
Monthly PrecipitationMonthly Precipitation



Ground Water Flow in the Ground Water Flow in the 
DungenessDungeness



BaseflowBaseflow

That component of streamflow    That component of streamflow    
derived from ground water inflow derived from ground water inflow 
or dischargeor discharge

–– From WA Department of Ecology, Estimated Baseflow CharacteristicFrom WA Department of Ecology, Estimated Baseflow Characteristics of Selected Washington s of Selected Washington 
Rivers and Streams, Water Supply Bulletin No.60, October, 1999, Rivers and Streams, Water Supply Bulletin No.60, October, 1999, Publication No 99Publication No 99--327327



How Ground and Surface Water InteractHow Ground and Surface Water Interact

USGS C1139USGS C1139



How Ground Water and Surface Water How Ground Water and Surface Water 
InteractInteract

Gaining StreamGaining Stream

Loosing Stream Loosing Stream 

USGS C1139USGS C1139



Measuring Surface Measuring Surface ––Ground Water Ground Water 
InteractionInteraction



How Ground and Surface Water InteractHow Ground and Surface Water Interact



Water Table Profile across RiverWater Table Profile across River



Water Table Profile across RiverWater Table Profile across River



Gains and Loses along RiverGains and Loses along River



Importance of Baseflow to StreamflowImportance of Baseflow to Streamflow



Importance of Baseflow to StreamflowImportance of Baseflow to Streamflow



Pumping a WellPumping a Well forms a Capture Zone forms a Capture Zone 
or or ““Cone of DepressionCone of Depression””

UnconfinedUnconfined ConfinedConfined



How Do Wells Capture How Do Wells Capture 
Surface Water?Surface Water?

USGS C1186Natural ConditionsNatural Conditions



How Do Wells Capture How Do Wells Capture 
Surface Water?Surface Water?

USGS C1186Pumping 1Pumping 1



How Do Wells Capture How Do Wells Capture 
Surface Water?Surface Water?

USGS C1186Pumping 2Pumping 2



Pumping from Deeper Aquifers Can Pumping from Deeper Aquifers Can 
Also Affect Surface WaterAlso Affect Surface Water

USGS C1139



Hydraulic Connection Between Hydraulic Connection Between 
AquifersAquifers



Hydraulic Connection Between Hydraulic Connection Between 
AquifersAquifers



Existing Water WellsExisting Water Wells



New Water WellsNew Water Wells



Dungeness Irrigation Districts and Companies
Distribute Dungeness River Water across Watershed



Irrigation WithdrawalsIrrigation Withdrawals



Irrigation Ditch RechargeIrrigation Ditch Recharge



Irrigation Ditch RechargeIrrigation Ditch Recharge



Ground Water ModelGround Water Model
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