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 Decadal – Cycle 3 started in 2013
 Surface water quality:

National Monitoring and Status Assessment 
Trend Analysis
SPARROW and WARP Modeling

 Groundwater quality:
Status and Trends
Modeling and Mapping (statistical 
methods, MODFLOW/MODPATH)

National Water Quality Assessment 
Program



Previous Modeling (Nitrate), Cycle 2 (2003-2012)

Nolan and Hitt, 2006, ES&T
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Planned National Scale Models in Cycle 3
 Trace elements (arsenic, uranium, boron)
 Nutrients (nitrate, phosphorus)
 Nuisance constituents (iron, dissolved solids, manganese)

Nolan and Hitt, 2006, ES&T
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 Trace elements (arsenic, uranium, boron)
 Nutrients (nitrate, phosphorus)
 Nuisance constituents (iron, manganese, dissolved solids)
 Others 
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Planned Principal Aquifer Scale Models
DOMESTIC & PUBLIC-SUPPLY WELL DEPTH ZONES



National Groundwater Nitrate Model
 

 
Parameter 

Significance 
Level 

Nitrogen source (β)  
  Farm fertilizer (county sales)   0.002 
  Confined manure (Census of Ag) 0.004 
  Orchards/vineyards 0.023 
  Population density <0.001 
  Cropland/pasture/fallow 0.014 
Transport to aquifer (α)  
  Water input 0.009 
  Carbonate rocks 0.001 
  Basalt and volcanic rocks 0.105 
  Drainage ditch <0.001 
  Slope 0.001 
  Glacial till 0.001 
  Clay sediment <0.001 
Attenuation (δ)  
  Fresh surface water withdrawal  <0.001 
  Irrigation tailwater recovery <0.001 
  Histosol soil type 0.100 
  Wetlands 0.036 
 



MODFLOW/MODPATH

Vadose zone R, fi ?

from Chris Green et al., AGU 2011

MODFLOW/MODPATH

County sales
fertilizer N
typically



fi influenced by
many processes.



Knowledge Gaps for Models

 Better understanding of unsaturated zone – what is 
net N flux to water table?

 What is water flux (recharge) to water table?
 Can these be estimated at regional and national 

scales?
 How improve on county-sales fertilizer N estimates 

that previous models used?
- Statistical water-quality models (GWAVA, SPARROW)
- MODFLOW/MODPATH



Prior USDA-USGS Collaborations
L. Ahuja, L. Ma, R. Malone, P. Bartling

 RZWQM for understanding unsaturated zone 
N mass balances
 Scale-up of RZWQM using “metamodel” 

approach (Corn Belt)
 Successful integration of Parameter 

ESTimation software (Doherty) into RZWQM’s 
GUI for autocalibration
 Beopest for parallel operation of RZWQM in 

PEST



Thank you for your attention.
Questions?









Previous Work with RZWQM –
Scale-Up for Nitrate in Leachate and Drains

Nolan, Malone, Ma et al., 2012, ES&T
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