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Purpose and Scope of Models

◦ Simulated pumping scenarios were designed 

to represent:

◦ pre-development conditions,

◦ full use of current groundwater rights, and

◦ possible increases in groundwater pumping 

◦ Simulations report the resultant changes in 

groundwater flow under specified 

conditions.

◦ Two areas were simulated:

◦ A regional, steady state model was developed to 
test: 

◦ the conceptional understanding of regional 
groundwater flow and its interaction with streams, 
and 

◦ evaluate the steady-state response of the 
groundwater system under current and future 
conditions.

◦ A local, transient model of the Central 
Willamette subbasin was developed to show:

◦ changes in the amount and timing of water-level 
fluctuations in the basin-fill sediments and 

◦ changes in groundwater discharge to streams 
induced by seasonal variations



Description of the 
Models





General Information on Model

◦ Numeric flow models were developed for both models to simulate the effect of changes in groundwater pumping on water 

levels, groundwater flow, and surface-water flow in the Willamette Basin.

◦ Numerical models used for development of the flow models:

◦ MODFLOW-2000 (USGS modular, 3D, finite-difference groundwater flow model)

◦ Sensitivity processes defined by Hill and others, 2000

◦ Parameter estimation processes defined by Hill and others, 2000

These numerical models were used to determine water levels, calculate model sensitivity, calibrate the model, and obtain 

missing parameter values



PARAMETERS



Regional Model

◦ Developed to simulate steady-state 

conditions in the Willamette Basin to test 

the conceptual model of groundwater flow 

and to understand the effects of pumping 

on surface water and groundwater 

◦ Steady State: describes a system where 

there is no net change in hydraulic head.

◦ Average annual recharge and streamflow 

data from water years 1995-96 and water 

level data from that time were used to 

calibrate the model

◦ 7000x7000ft grid cells

◦ 117 rows, 66 columns

◦ 6 layers for each of the hydrogeological 

units

◦ WSU, USU, MSU, LSU, CRB, BCU

◦ 3 boundary types specified:

◦ No-flux (geographic boundaries)

◦ constant head (geographic boundaries)

◦ specified flux (hydrologic process 
boundaries)

◦ Recharge, leakage, pumping





Regional Model

◦ Calibrated using water level 
measurements from 488 observation wells 
and 27 stream gaging stations

◦ To simulate the flow of water, CFC levels 
and MODMATH (a MODFLOW-2000 
processor) were used to simulate the paths 
of 100 particles.



Regional Model 
Fit

Model fits well, though the 

model may not accurately 

simulate head variation over 

short distances because of 

the large cell size of the 

model

(Pumping effects are 

localized, not evident on 

regional model)



Local Model

◦ Chosen for the Central Willamette 

subbasin, where there is increasing 

demand for ware for agricultural and 

other uses.

◦ Summer streamflow is fully allocated in 

the subbasin, additional groundwater 

development is being considered to 

augment surface water conditions.

◦ 1000x1000ft grid cells

◦ 177 rows, 164 columns

◦ 8 layers

◦ 1-4 the same as regional, 5-7 represent the 
CRB, 8 represents BCU

◦ Water years 1999-2000 were used to 

calibrate the model, divided into 24 stress 

periods to simulate monthly changes.

◦ Specified flux is constant within each stress 
period.



Local Model

Average monthly stream 

flucuations







Simulations



Regional Model



Pre-development conditions



Full-Use



LOCAL MODEL



Simulation Takeaways

◦ Regional:

◦ The greatest effect from pumping was in the Central Willamette subbasin

◦ Simulation results indicate that mean average annual hydraulic head and groundwater-supplied base flow have decreased since 
pre-development in most areas of the Central Willamette subbasin and localized areas of the Portland and Southern Willamette 
subbasins, and will continue to decrease if full use of permitted groundwater rights occurs. 

◦ Increased pumping in the Willamette Basin has resulted in increased stream capture from streams primarily in the lowland areas

◦ Model simulation results indicate that substantial decreases in base flow have resulted from the relatively high conductivity of the 
sedimentary aquifers (USU and MSU), in which most wells are completed, and their proximity to sources of recharge from 
nearby streams

◦ Both the pre-development and full-use simulations indicate that pumping stresses applied in units hydrologically connected to 
major streams (for example, a well completed in the USU with a nearby stream channel in the same unit) cause less drawdown in
the surrounding area, but capture flow that normally would be present in nearby streams.

◦ Pumping from the USU near the Willamette River generally produces less head reduction in the surrounding aquifer and more 
Willamette River capture than pumping from the MSU or LSU due to the high transmissivity of the USU. 

◦ The influence of pumping wells is controlled by the hydrologic properties and spatial distribution of the aquifer in which the 
pumping is located, as well as by the proximity of streams. 



Simulation Takeaways

◦ Capture fraction calculations show that on a long-term, average annual basis, Willamette River capture will generally supply most of 

the groundwater for pumping in the Central Willamette subbasin, except for the northeast area of the subbasin near the Molalla 

River

◦ Pudding River capture is induced primarily by pumping wells in the USU or MSU and is small relative to Willamette River capture.

In areas where the MSU is relatively thin, steep drawdowns occur in close proximity to pumping, inducing greater capture from the 

Pudding River and nearby streams. 

◦ Pudding River capture is induced primarily by pumping wells in the USU or MSU and is small relative to Willamette River capture.

In areas where the MSU is relatively thin, steep drawdowns occur in close proximity to pumping, inducing greater capture from the 

Pudding River and nearby streams. 

◦ Results from transient simulations comparing predevelopment and full use of groundwater rights with baseline (average annual)

conditions indicate that groundwater levels and streamflows have changed since pre-development and would continue to change 

under full use of groundwater rights conditions. 

◦ Full-use conditions result in a doubling of baseline fluctuations in groundwater levels, and cause further declines in average annual 

groundwater levels. With groundwater pumping (baseline and full use of groundwater rights conditions), a summer-low/winter-high 

pattern occurs in Willamette River base flow from the Central Willamette subbasin, indicating influence by summer pumping



What Simulations Reveal…

◦ Initially during pumping, well discharge is supplied by aquifer storage, with the percentage supplied diminishing over the 

long term. The source of most summer pumping is water released from storage. Over time, the source of water to well 

pumping shifts from contributions from aquifer storage to contributions from stream capture—the average annual change 

in storage diminishes to zero as stream capture increases to fully supply pumping demands and a new equilibrium is 

reached

◦ Large hydraulic head declines lead to an increase of movement of low-quality water from the basement confining unit

◦ Allow us to evaluate the long-term effects of changes in groundwater pumping on water levels and streams

◦ Large declines in heads in the upper and middle sedimentary units could lead to increased pumping costs, increased 

number of dry wells during times of high demand, and increased seasonal changes in aquifer storage. 
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