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All Pollution Problems Have Three Important Elements in Common!!
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Notice:  Sources, Pathways, and Receptors each all feature
    characteristic (water, air) flows and – within those – concentration of pollutants

Note:

concentration is the mass of pollutant
          per unit (air or water) flow volume



For any assessment, we need to know as much as possible about each of these 
elements:  Sources, Pathways, and Receptors
                                                  – and that includes anything to understand
                                                     their flows and their concentrations !!



CV-NPSAT combines our knowledge about:

SOURCES of nonpoint source pollution – specifically of nitrate

PATHWAYS (including travel times!) in the unsaturated zone and in the 
large alluvial aquifer of the Central Valley

RECEPTORS:  the location, depth, and screen length of wells and how much 
water they pump

Note:  this includes knowledge – at sources, pathways, and receptors  - about

 water flow rates and volumes and about
 pollutant mass and concentrations



Recall:  This is the kind of assessment that can be done with CV-NPSATweb!

}
User specified / User Choice Prediction (Estimate)

Web 
Back-end
Engine



Workshop Outline

• Conceptual Framework
– Nonpoint Sources of Nitrate: The Central 

Valley Groundwater Nitrate Loading 
Model, CV-GNLM

– Vadose Zone Transit Time
– Groundwater Flowpath Modeling
– Groundwater Nitrate Transport Modeling

• Some important simplifications in CV-
NPSAT

• CV-NPSAT Validation 
• Things that CV-NPSAT is not suited for
• Future CV-NPSAT developments

• The Online Tool
– Understanding user input choices
– Understanding results
– Some illustrative case studies
– Step-by-step tutorial

• Questions and Answers



A General Note about Data that CV-NPSAT is Using

✓

~

Some data are rather definitive, but none 
are 100% accurate

Some data have to be estimated or rely on 
definitive physics/economics (models) but 
uncertain geology/hydrology/circumstances 
(model input, model concepts), which means 
assumptions have to be made and 
uncertainties can be quite high



Nitrate Losses to Groundwater from Central Valley’s Landscape:

The Central Valley Groundwater Nitrogen Loading Model, CV-GNLM

Note:

CV-GNLM is about

SOURCE     -     nitrate-nitrogen MASS (not concentration!)

No worries – we talk about SOURCE – FLOW later….

But, but….what about concentrations of nitrate at the source?

 Once we know MASS and FLOW, we know CONCENTRATION:
 Remember that MASS per unit FLOW volume = CONCENTRATION !!



Step 1:   Who are the sources of nitrate in groundwater?

Harter et al., 2017;  Bhaduri et al., in prep



2. Where are these sources of nitrate?

CA DWR SGMA Data Viewer, downloaded 3/2026

Davis

Woodland

✓



2. Where are these sources of nitrate?

Harter et al., 2017;  Bhaduri et al., in prep✓ ✓ ✓



That is information for TODAY, but what about all the legacy nitrate?



Insight:
3 mile x 10 mile map of typical travel time from the source area to the well (1,100 gpm)

Henri and Harter, WRR 2019

How long 
does it take 
for recharge 
to get from 
each location 
to the well?

How sure can 
we be about 
this travel time 
estimate?

0 – relatively ok
1 – relatively 
uncertain

✓~ ~ ~~

Years



Insight:
3 mile x 10 mile map of typical travel time from the source area to the well (1,100 gpm)

Henri and Harter, WRR 2019

How long 
does it take 
for recharge 
to get from 
each location 
to the well?

How sure can 
we be that any 
location is really 
contributing to 
that well?

0 – not likely
1 – very likely

✓~ ~ ~ ~
Years



Legacy: Landuse reconstruction over the past century

1945 1960 1975 1990 2005✓✓~~~

Harter et al., 2017;  Bhaduri et al., in prep



How much nitrate-nitrogen (mass) are these source leaching per year?

• Urban areas:
– 10 kg N/ha/yr (8.9 lb n/ac/yr) from synthetic 

fertilizer applied lawns, gardens
– 10 kg N/ha/yr (8.9 lb n/ac/yr) from wastewater 

pipeline leakage

• Golf course:
– 10 kg N/ha/yr (8.9 lb n/ac/yr)

• Dairy corrals
– 183 kg N/ha/yr (163 lb N/ac/yr)

• Dairy lagoons
– 1171 kg N/ha/yr(1045 lb N/ac/yr)

• Alfalfa cropland
– 30 kg N/ha/yr (26.8 lb N/ac/yr) 

• Clover cropland
– 15 kg N/ha/yr (26.8 lb N/ac/yr) 

• Septic systems:
– 4.125 kg (9.094 lb) N per person per year (85% of 

N in household wastewater)
– fraction of households on septic system, 1990 

census, by census block
– Population density, 2010 census, by census block
– Historically backward adjusted by total county 

population relative to 2005

• Wastewater treatment plants and 
food processors (includes biosolids):
– Permitted discharges, converted to N, by 

individual facility
– 72 WWTP facilities and 137 FP facilities reviewed
– Not all facilities report data, smallest facilities not 

included
– Historically backward adjusted by total county 

population relative to 2005

Harter et al. 2017



How much nitrate-nitrogen (mass) are these source leaching per year?

• Dairy Manure:
– Information available for over 1,000 

individual facilities (2007-2012):
• Number of animal units
• Exported amount of manure
• Assessor parcel numbers of all fields under 

dairy management (includes orchards and 
vineyards, vegetables and other crops that 
cannot receive manure for food safety 
reasons)

– Number of animals units =>  amount of N 
in manure

• Historically adjusted by the number of 
animals units relative to 2005

– Atmospheric losses between time of 
manure generation and land application: 
38% (per US EPA, literature 20% - 40%)

• Exported manure:  added as soil 
amendment to all county crops that 
have no food safety restrictions

• Manure N generated minus 
atmospheric N losses minus exported 
manure N = dairy land applied manure 
N, replacing up to 50%/100% of 
synthetic fertilizer in 2005/2020

• Often far exceeds crop needs
• Full / Half / None Scenario Options:

– Full:  as above
– Half:  manure N x 50%
– None:  manure N x 0%

Harter et al. 2017



• All terms represent annual nitrogen source 
or sink components at the pixel scale

• Fluxes are expressed as kg N ha⁻¹ yr⁻¹

• Dairy-related inputs include land-applied 
manure and manure exported/sold off-site

• N leaching is the residual root-zone 
nitrogen surplus routed downward toward 
groundwater

How much nitrate-nitrogen (mass) are fields/orchards leaching per year?
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Central Valley Agricultural Crops– Spatio-Temporal Distribution



Agricultural land use is mapped to 58 crops or crop types (covering 250 different products)

Harter et al., 2017;  Bhaduri et al., in prep

NOTE: 

Does NOT 
account for 
rotations fo field 
crops (e.g., 
tomatoes/grain/b
ell pepper) 
except, for 1990 
and 2005 only:

All corn is 
assumed to be in 
a sileage 
corn/grain 
summer/winter 
rotation, and 
some vegetables 
are assumed to 
be double 
cropped.

✓
~



1945 1960 1975

Full – Half - None Full – Half - None Full – Half - None

Full – Half - None Full – Half - None Full – Half - None

1990 2005 2020

Estimated Central Valley Nitrate Leaching – Spatio-Temporal Distribution

Manure N



Mean Potential Groundwater N Leaching from Major Crop Groups



Why these highly detailed nitrate-N leaching maps may differ from reality:

• Decadal (15-year) snap shots of land use – does not include crop rotations

• Denitrification potential of manure N in vadose zone may in some locations be significantly higher 

than estimated

• Errors due occasionally inaccurate dairy APN / WWTP / FP reporting

• For the same crop, differences in N leaching due to:  farm-to-farm, field-to-field, soil-to-soil 

differences in N leaching due to water and nutrient management practices, soil conditions, day-to-

day and seasonal climate conditions

• Localized high atmospheric N deposition near individual dairy/WWTP/FP facilities

• Local variability in N sources to which only an average leaching number was assigned as local data 

are unavailable:

o Urban areas, golf courses, alfalfa and pasture, dairy corrals, dairy lagoons



The source “flow” associated with nitrate leaching:   RECHARGE

Recharge containing nitrate-N:

Landscape Recharge =  [ Precipitation  PLUS Irrigation MINUS Evapotranspiration ]

Recharge that has negligible amounts of nitrate-N (< 1 mg/L)
may dilute nitrate along the pathway or at the well (receptor):  

Recharge from Surface Waters = Managed Aquifer Recharge,  Canal Seepage,  River/Stream/Lake Recharge



Recharge Map

• https://giorgk.users

.earthengine.app/vi

ew/cvhm-recharge-

redistribution

• Recharge defined at 

50 m (164 ft) cells

https://giorgk.users.earthengine.app/view/cvhm-recharge-redistribution
https://giorgk.users.earthengine.app/view/cvhm-recharge-redistribution
https://giorgk.users.earthengine.app/view/cvhm-recharge-redistribution
https://giorgk.users.earthengine.app/view/cvhm-recharge-redistribution
https://giorgk.users.earthengine.app/view/cvhm-recharge-redistribution
https://giorgk.users.earthengine.app/view/cvhm-recharge-redistribution
https://giorgk.users.earthengine.app/view/cvhm-recharge-redistribution
https://giorgk.users.earthengine.app/view/cvhm-recharge-redistribution


Nitrate Pathways from Central Valley’s Landscape to Central Valley Wells (and Streams)

•Flow

•Concentration / Mass Transport



NPSAT Modeling framework - Overview

Nitrate Loading 
Model (GNLM)

Unsaturated flow & 
transport

Saturated flow & 
transport

Ground surface

Water table
Unsaturated zone

Saturated zone

Well

Stream

𝐿𝐿𝑖𝑖−1 𝐿𝐿𝑖𝑖
𝐿𝐿𝑖𝑖+1 𝐿𝐿𝑖𝑖+2

ℎ𝑖𝑖−1 ℎ𝑖𝑖
ℎ𝑖𝑖+1

ℎ𝑖𝑖+2

ℎ𝑖𝑖+3

𝐷𝐷𝑖𝑖𝑢𝑢𝑢𝑢 𝑅𝑅𝑖𝑖𝑢𝑢𝑢𝑢 𝑅𝑅𝑖𝑖+1𝑢𝑢𝑢𝑢𝐷𝐷𝑖𝑖+1𝑢𝑢𝑢𝑢

Streamline



NPSAT Modeling framework – Unsaturated Transport
Piston flow + transport model

Depth Groundwater Recharge Unsaturated Zone travel time

Water Content
×

https://giorgk.users.earthengine.app/view/cv-unsat

𝜽𝜽 ↑⇒ 𝒕𝒕 ↑

𝜽𝜽 ↓⇒ 𝒕𝒕 ↓

https://giorgk.users.earthengine.app/view/cv-unsat
https://giorgk.users.earthengine.app/view/cv-unsat
https://giorgk.users.earthengine.app/view/cv-unsat


NPSAT Modeling framework – Saturated Flow simulation

https://github.com/UCD-GW-Nitrate/npsat_engine
Kourakos and Harter 2021

3280 ft

1640 ft
3280 ft

320 ft

well

Adaptive Mesh Refinement

Effect of model resolution in pathway delineation

https://github.com/UCD-GW-Nitrate/npsat_engine
https://github.com/UCD-GW-Nitrate/npsat_engine
https://github.com/UCD-GW-Nitrate/npsat_engine
https://github.com/UCD-GW-Nitrate/npsat_engine
https://github.com/UCD-GW-Nitrate/npsat_engine


NPSAT Modeling framework – Saturated transport simulation

Particle Tracking

Transport Simulation

Advection dispersion

https://github.com/giorgk/npsat-urf

https://github.com/giorgk/ichnos

Kourakos and Harter 2024

m
s

URF parameterization: 
• Log normal distribution (m, s) 

mean, std 
• Analytical ADE (v, l) 

velocity, streamline length 

https://github.com/giorgk/npsat-urf
https://github.com/giorgk/npsat-urf
https://github.com/giorgk/npsat-urf
https://github.com/giorgk/ichnos


NPSAT Modeling framework – Prediction
Nitrate Loading

Unit Response Function

Nitrate prediction for a streamline 
via convolution

Mixing Nitrate sources over time

10

25

18

32



NPSAT Modeling framework – Scenario Predictions

Mixing Nitrate sources over space

Regional impact 
of loading

(range of nitrate 
concentrations, and 
how that changes 
over time, across 

many wells)

Streamline starting points

Streamline concentration

Well concentration

Regional Assessment:
e.g. Township

Well Concentrations

✓

~

95th 

75th 

50th 

90th 



NPSAT Modeling Assumptions

• Flow system is stationary (long-term average & balanced)

• Sources are distributed

• Long-term groundwater quality trends

• Regional Assessment



Out

CV-NPSAT: Central Valley application of NPSAT 

CVHM2
(USGS)

C2VSim
(DWR)

Regional Models • With the current rate of groundwater 
depletion (2.3-2.9 MAF/year) 35% of aquifer 
water will be lost after 200 years

• NPSAT simulates multi-century diffuse 
transport in the Central Valley

• Addressing diffuse pollution is meaningful 
once sustainability has been achieved

• We consider the two extremes sustainable 
cases: 

IN
Out

Current Conditions

IN Out

Pump Adjusted

IN Out

Recharge Adjusted

IN
Recharge Pumping Recharge Pumping Recharge Pumping

• CVHM2:
https://www.usgs.gov/tools/
central-valley-hydrologic-model-version-2

• C2VSim:
https://data.cnra.ca.gov/dataset/c2vsimfg

https://www.usgs.gov/tools/central-valley-hydrologic-model-version-2
https://www.usgs.gov/tools/central-valley-hydrologic-model-version-2
https://www.usgs.gov/tools/central-valley-hydrologic-model-version-2
https://www.usgs.gov/tools/central-valley-hydrologic-model-version-2
https://www.usgs.gov/tools/central-valley-hydrologic-model-version-2
https://www.usgs.gov/tools/central-valley-hydrologic-model-version-2
https://www.usgs.gov/tools/central-valley-hydrologic-model-version-2
https://www.usgs.gov/tools/central-valley-hydrologic-model-version-2
https://www.usgs.gov/tools/central-valley-hydrologic-model-version-2
https://www.usgs.gov/tools/central-valley-hydrologic-model-version-2
https://www.usgs.gov/tools/central-valley-hydrologic-model-version-2
https://www.usgs.gov/tools/central-valley-hydrologic-model-version-2
https://data.cnra.ca.gov/dataset/c2vsimfg


CV-NPSAT Simulation

Wells

DWR  

Virtual 
Irrigation & Public 
Supply (VI)
Domestic (VD)

Groundwater Recharge downscale

SWAT

Downscaling from the base models

• Flow simulation to define groundwater pathways:
• 150-200 ft horizontal resolution
• 1 – 15 ft vertical resolution
• ~120 - 130,000,000 elements

• Pathways:
• ~4 million streamlines / per model run

• Receptors:
• ~22,000 irrigation wells (100 streamlines to each)
• ~2,500 public supply wells (100 streamlines to each)
• ~55,000 domestic wells (30 streamlines to each)

Kourakos and Harter 2024



How does CV-NPSAT deal with:
• MAR

• Rivers

• Denitrification

Existing MAR infrastructure is embedded in Parent models

Dilution Factor

Deep percolation

Direct recharge

Total deep percolation

Direct recharge (MAR)

Total deep percolation

Streamline concentrations are reduced based on the dilution factor

DP MAR
Un

sa
tu

ra
te

d
 z
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e



• MAR

• Rivers

• Denitrification

How does CV-NPSAT deal with: New MAR infrastructure are not embedded in parent models

• A new MAR infrastructure affects
• Flow field
• Dilution factor 

• Modifying the dilution factor is straightforward
• Modifying the flow field, however, is non-trivial
• Ideally the flow field requires simulation to account for the 

effects of new MAR facilities

• Central Valley-wide large scale MAR.
The extra volume of water is applied on Excellent – 
Moderately good soils according to SAGBI index

• Adjust dilution in a buffer zone to estimate impacts on 
nearby wells and long-term nitrate benefits

Buffer 1 mile

Buffer 2 miles

Buffer 3 miles

SAGBI: Soil Agricultural Groundwater Banking Index

https://casoilresource.lawr.ucdavis.edu/sagbi/


• MAR

• Rivers

• Denitrification

How does CV-NPSAT deal with: Stream
Zone

Buffer
Zone

Buffer
Zone

Ri
ve
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How does CV-NPSAT deal with:
• MAR

• Rivers

• Denitrification

[%]

0

1

Reduction due to denitrification

This is not in the model yet, 
but it’s coming very soon.



CV-NPSAT: What it can’t and should not be used for

• Small scale site investigations • Small plumes with sharp 
concentration fronts

• Seasonal Pumping • Individual grower 
management



NPSAT Validation

Streamline transport (NPSAT) against Advection Dispersion (MODFLOW-MT3D) with Modesto area model

Kourakos, Bastani and Harter 2024

Steady state flow conditions Transient state flow conditions



Fine-tuning 
(calibrating)

nitrate-N 
transport speed 

along the 
pathway:

Sensitivity of 
age tracer 
(tritium) 

concentration to 
aquifer porosity 

and vadose 
zone water 

content

Direct
Comparison

“Error”



Nitrate-N Validation
Measured vs Simulated
(Irrigation & Public Supply Wells)



Additional Capabilities of CV-NPSAT
• Stand alone server (Mantis)

• Python
• Matlab
• R  

• Modify loading at a 50 m
cell raster level rather than 
crop based

• More configuration options:
• River concentration
• Modify dilution factor
• Well source areas

• Scripting multiple runs
• Sensitivity analysis
• Optimization

• Use with other areas/models
• Eastern San Joaquin Valley
• Tule basin, Tulare County
• Salinas Valley

• Alternative nitrate loading in lieu of 
CV-GNLM, e.g. CV-SWAT

 
  

Python

Matlab

CV-NPSAT data available upon request
https://github.com/giorgk/Mantis

Mantis
(Greek: oracle, 
seer, prophet)

https://github.com/giorgk/Mantis


Future Developments for NPSAT and CV-NPSAT
• Simulation of Salt Transport (ongoing)

• Development of MantisSA, a standalone 
application for simulating salinity transport.

• The model explicitly accounts for feedback 
mechanisms between salinity and groundwater 
system dynamics.



Future Developments for NPSAT and CV-NPSAT
• Update of NPSAT Flow and Transport code

• Finite Elements => Hybridized Mixed Finite Elements
• Simulation of wellbore flow
• Streamline transport through well boreholes 

• Investigate possibility to simulate transient state 
conditions (cyclical)

• Wellbore flow in abandoned wells

• Update Recharge and Pumping redistribution

• Update CVHM2 based NPSAT

• Develop C2VSim v1.5 based NPSAT

• Consider the latest Groundwater Sustainability Plans to 
update flow simulation (natural recharge, MAR, pumping, 
aquifer properties)   





1. A quick look at how this tool works –

 we will do a more detailed step-by-step later



Recap: CV-NPSAT combines our knowledge about:

SOURCES of nonpoint source pollution – specifically of nitrate

PATHWAYS (including travel times!) in the unsaturated zone and in the 
large alluvial aquifer of the Central Valley

RECEPTORS:  the location, depth, and screen length of wells and how much 
water they pump

Note:  this includes knowledge – at sources, pathways, and receptors  - about

 water flow rates and volumes and about
 pollutant mass and concentrations



Recall:  This is the kind of assessment that can be done with CV-NPSATweb!

}
User specified / User Choice Prediction (Estimate)

Web 
Back-end
Engine



2. A quick review of what you may want to do with this.

• What is the contribution of crop X to nitrate in wells of my area-of-interest?

o Consider turning N loading from “all other crops” to zero, but keep crop X at 100%

• This will show the incremental nitrate concentration increase from crop X only
o Consider turning N loading from crop X to 0%, but keep “all other crops” at 100%:

• This will show how much different nitrate would be in wells if places where crop X is currently 
grown had no nitrate in recharge (but the recharge itself were to continue to occur)



2. A quick review of what you may want to do with this.

• What will it take to get nitrate-N in 50% (75%, 90%, …) to below the drinking water limit 

of 10 mg N/L?

o Adjusting the N loading from various crops until the desired target concentration is achieved in 50%, 75%, 90%, … of 

wells in the area-of-interest

o Note 1: this tool will assume that recharge – including return-flows from irrigation – will not change under any of 

these future scenarios, which may not be realistic to achieve certain larger levels of leaching reductions

o Note 2: Achieving nitrate leaching reductions, even to 90% or 80% of current loading in agricultural landscapes 

requires extensive training, outreach, education of growers and farm staff, technical innovations, and potentially 

costly capital and capacity building investments by landowners/growers.  We have only very, very limited economic 

guidelines on that.



2. A quick review of what you may want to do with this.

• What water quality improvements can be achieved if crop X in my area-of-interest achieves a load 

reduction to a realistic fraction of current loading (typically in the range from 75% to 95% )?

• (A similar question, perhaps posed by a grower):  Based on INMP data, my own N surplus (“A – R”) is 

X% of the average.  If all my colleagues were able to operate similar to how I grow crop X, what 

would that mean with respect to long-term changes in groundwater nitrate?



3. Finally – the detailed instructions!

IMPORTANT NOTE:

You will not be able to do this on your own screen until early next 
week!!

https://NPSAT.ucdavis.edu is locked to avoid overload.

Why?  When you run a scenario, your job is put into a queue on our UC Davis 
server.  If several tens of you – or all of you – will all launch a job, each lasting 
1 minute, then we’ll all be waiting here for a long time!   
      
                                                 - Thank you for understanding.

https://npsat.ucdavis.edu/


Login

• Registering yourself as a new user with 
your email
– Depending on usage, we may need to 

manage access in the future

• Login
• Forgot Password



Login

• Registering yourself as a new user with 
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Login

• Registering yourself as a new user with 
your email
– Depending on usage, we may need to 

manage access in the future

• Login
• Forgot Password



Home screen



Home screen:  how to get here any time

• You can always go back to the home 
screen by clicking the CV-NPSAT icon in 
the upper left corner of the screen

• You can open the tool in more than 
one browser tab, e.g., to look at your 
home-screen while you are working on 
creating a scenario on the first tab



Home screen:  how to create a new scenario



Select Settings (for the scenario)

• On-screen instructions can be 
found in two places:
– Bottom of the page in the 

“Instructions” section
– Clicking on the information icon

• This input screen allows users to 
select from various discrete options 
that affect:
– Groundwater pumping and recharge
– Groundwater flow direction
– Groundwater velocity
– Which type of wells to look at
– How far into the future to simulate
– How soon and over what period 

changes in loading occur



Select Settings (for the scenario)

• Flow scenario choices:
– Additional on-screen 

information is here
– CV-NPSAT includes four 

different FLOW models from 
which the user chooses one. 
Two of these are based on 
CVHM2 and two are based on 
C2VSIM (see earlier slides)

– Using information from each 
of these two existing Central 
Valley flow models, CV-NPSAT 
has one with lower pumping 
(“pumping adjusted to match 
recharge”) and one with 
higher recharge (“recharge 
adjusted to match pumping”)



Select Settings (for the scenario)

• Flow scenario choices:
– What CV-NPSAT uses from 

either C2VSIM or CVHM:
• Shape and form of the 

Central Valley aquifer system
• Hydrogeologic properties 

(hydraulic conductivity, 
storage coefficient)

• Total average pumping within 
each “Subregion” ( = CVHM 
“Farm”)

• Total average recharge within 
each “Subregion”

• Long-term average stream-
aquifer interaction

• Long-term average mountain-
front recharge and small 
watershed input



Select Settings (for the scenario)

• Flow scenario choices:
– Remember that CV-NPSAT 

requires steady-state flow 
conditions (to allow for these 
very fast online simulations)!

– Hence: total recharge to the 
aquifer must equal total 
discharge from the aquifer

– The balance is achieved 
separately for the three 
“Basins” Sacramento Valley, 
San Joaquin Valley, Tulare Lake 
Basin



Select Settings (for the scenario)

• Flow scenario choices:
– Past flow conditions often have 

been driven by high pumping 
relative to recharge and 
relatively faster flow rates. This 
is perhaps best captured by the 
“recharge adjusted to match 
pumping” scenario, but may not 
be a good scenario to look 100 
or more years into the future 
where overdraft has been very 
large, e.g., in the Tulare Lake 
Basin

– For areas with future pumping 
significantly less to match 
recharge (including recharge 
from managed aquifer recharge, 
MAR), the “pumping adjusted to 
match recharge” may be a 
better tool for long-term 
predictions.



Select Settings (for the scenario)

• Porosity:
– Refers to the effective porosity 

of the aquifer for nitrate 
transport in groundwater

– The smaller the porosity, the 
faster average groundwater 
pore velocity.  For example, at 
10% porosity, transport will be 
twice as fast as at 20% 
porosity, and three times as 
fast as at 30% porosity.

– Selecting the default values 
reflects the calibrated values 
of porosity, found by matching 
age tracer data to simulation 
results



Select Settings (for the scenario)

• Load Scenario
– This affects the amount of 

manure-related nitrogen that is 
assumed to reach the aquifer.

– “GNLM Full” refers to the 
original GNLM estimates for 
manure-related N cycling 
(Harter et al., 2017)

– “GNLM Half” cuts the original 
amount of manure N that is 
exported or land-applied in half; 
it is approximately reflective of 
grower-reported land-
application; and leads to an 
overall better (but not perfect) 
match to historic and recent 
groundwater nitrate, compared 
to “Full”

– “GNLM No” is a hypothetical 
loading scenario assuming no 
animal manure N is used

https://ucanr.edu/media/292999/


Select Settings (for the scenario)

• Well Type Scenario
– CV-NPSAT allows users to only 

simulate one or the other group 
of wells:

– Domestic wells (from the DWR 
well database, limited to those 
younger than 40 years)

– Large production wells (from 
DWR well database, limited to 
those younger than 35 years). 
These are known irrigation wells 
and public supply wells

– Domestic wells have very small 
pumping rates compared to 
irrigation and public supply 
wells are mostly screened in the 
shallower parts of the aquifer 
(younger groundwater)



Select Settings (for the scenario)

• Unsaturated Zone Depth 
Scenario
– Best to choose the one 

matching the “Flow scenario”:
• CVHM2 for CVHM2
• C2VSIM for C2VSIM

– Affects the unsaturated zone 
travel time

– Maps with detailed 
information on unsaturated 
zone thickness, travel time, 
and recharge for these two 
cases can be found here:

– https://giorgk.users.earthengi
ne.app/view/cv-unsat 

https://giorgk.users.earthengine.app/view/cv-unsat
https://giorgk.users.earthengine.app/view/cv-unsat
https://giorgk.users.earthengine.app/view/cv-unsat
https://giorgk.users.earthengine.app/view/cv-unsat
https://giorgk.users.earthengine.app/view/cv-unsat


Select Settings (for the scenario)

• Unsaturated Zone Effective 
Water Content
– Refers to the effective water 

content of the unsaturated zone 
for nitrate transport in 
groundwater

– The smaller the water content, 
the faster the vadose zone 
travel time.  For example, at 5% 
water content, transport will be 
twice as fast as at 10% water 
content, and four times as fast 
as at 20% water content.

– Selecting the default values 
reflects the calibrated values of 
porosity, found by matching age 
tracer data to simulation results



Select Settings (for the scenario)

• Simulation Ending Year:
– Type the year manually or select 

from the list.
– The transport simulation always 

begins in the year 1945 AD and 
assumes that nitrate 
concentration in groundwater at 
that time were negligible.

– The maximum period through 
which the scenario can be 
simulated is the year 2444 AD 
(over 400 years from now).

– The online execution time is 
nearly proportional to the how 
long the simulated period is.

– The scenario always assumes 
that future conditions stay 
constant at the user-defined 
loading rate, after the end of 
the transition period (next input 
box)  



Select Settings (for the scenario)

• Transition Period:
– Type the start and end year of 

the transition period manually 
or select from the list or swipe 
over the period with the 
mouse while holding down the 
left mouse button.

– Over the transition period, the 
user-defined N loading (later 
screen) will gradually take 
effect over the 2020 business-
as-usual (BAU) conditions.

– A linear decrease/increase 
from the BAU to the user-
defined conditions occurs 
during the transition period



Select Settings (for the scenario)

• Click “Next” to 
advance to the next 
screen



Select the area of interest

• This is the screen as it appears when 
default values have been selected for 
porosity and/or water content

• Everything in blue is not selected (on 
the initial screen nothing in the Central 
Valley is selected)

• Zoom in/out tools and background 
map layer selection can be used

• The number of wells in the selected 
area-of-interest will be displayed 
below the map

• On-screen instructions are located 
below the map



Select the area of interest

• First, from the six tabs above the map, 
select the type of area-of-interest you 
want to choose.

• An area-of-interest can be one of six 
types:
– Central Valley-wide

• Second, click on the Central Valley on 
the map to select the entire Central 
Valley



Select the area of interest

• First, from the six tabs above the map, 
select the type of area-of-interest you 
want to choose.

• An area-of-interest can be one of six 
types:
– Central Valley-wide
– Basin (Sacramento Valley, San Joaquin 

Valley, Tulare Lake Basin)

• Second, click on the map to select the 
basin that is the area-of-interest (one 
or two or three of these basins)



Select the area of interest

• First, from the six tabs above the map, 
select the type of area-of-interest you 
want to choose.

• An area-of-interest can be one of six 
types:
– Central Valley-wide
– Basin (Sacramento Valley, San Joaquin 

Valley, Tulare Lake Basin)
– County

• Second, click on the map to select the 
basin that is the area-of-interest (one 
or several)



Select the area of interest

• First, from the six tabs above the map, 
select the type of area-of-interest you 
want to choose.

• An area-of-interest can be one of six 
types:
– Central Valley-wide
– Basin (Sacramento Valley, San Joaquin 

Valley, Tulare Lake Basin)
– County
– B118 Basin (SGMA groundwater basins as 

defined by California Dept. of Water 
Resources)



Select the area of interest

• First, from the six tabs above the map, 
select the type of area-of-interest you 
want to choose.

• An area-of-interest can be one of six 
types:
– Central Valley-wide
– Basin (Sacramento Valley, San Joaquin 

Valley, Tulare Lake Basin)
– County
– B118 Basin (SGMA groundwater basins as 

defined by California Dept. of Water 
Resources)

– Subregions, as defined by C2VSIM and 
CVHM2 (formerly known in CVHM as 
“farms”), which are used for water 
accounting purposes by these models



Select the area of interest

• First, from the six tabs above the map, select 
the type of area-of-interest you want to 
choose.

• An area-of-interest can be one of six types:
– Central Valley-wide
– Basin (Sacramento Valley, San Joaquin Valley, 

Tulare Lake Basin)
– County
– B118 Basin (SGMA groundwater basins as defined 

by California Dept. of Water Resources)
– Subregions, as defined by C2VSIM and CVHM2 

(formerly known in CVHM as “farms”), which are 
used for water accounting purposes by these 
models

– Townships, which are surveying units that have an 
area of approximately 36 square miles each.  A 
township consists of 36 (6 by 6) “sections” each of 
which is about one square mile. For example, 
many of California’s cities have major city 
roadways following the boundaries of these 
sections.



Select the area of interest

• Note how the “Number of Wells 
Selected”, below the map, changes as 
the area-of-interest changes. This 
reflects the number of wells in the 
area-of-interest (in this case: domestic 
wells, selected as an option on the 
previous screen) 



Select the area of interest

• Once the area-of-interest is selected, 
the user can also select wells with 
specific characteristics:
– Wells with a total depth (m) ranging from a 

user-specified minimum to a user-
specified maximum

– Wells with an unsaturated zone thickness 
(m) ranging from a user-specified 
minimum to a user-specified maximum



Select the area of interest
• Once the area-of-interest is selected, 

the user can also select wells with 
specific characteristics:
– Wells with a total depth (m) ranging from a 

user-specified minimum to a user-
specified maximum

– Wells with an unsaturated zone thickness 
(m) ranging from a user-specified 
minimum to a user-specified maximum

• You can use the slider or manually 
enter the numbers on the right.

• Note that you enter these numbers in 
meters (“m”). The corresponding 
numbers in “ft” are given next to the 
selected “m”.



Select the area of interest
• Click “Next” to advance to the next 

input screen.
• Note: when selecting “Prev”, the 

previous input screen (“Select 
Settings”) will appear, for editing, but 
the selection on this “Select Region” 
screen will be lost.



Select the crops for which to adjust N loading

• On this screen, the user selects the 
specific crops for which future N 
loading will be adjusted, relative to 
2020 business-as-usual (BAU) loading.

• “All Other Crops” refers to all crops 
that are NOT specifically selected. 
These also can be adjusted



Select the crops for which to adjust N loading

• You can use the slider or the percent 
box to adjust the N loading. The 
percent loading selected is relative to 
the 2020 BAU N loading.

• For example “80%” reflects a 20% 
reduction from the 2020 BAU N 
loading (which is “100%).

• Any value between 0% and 200% can 
be selected.

• Note:  for each crop, it’s total area in 
the selected area-of-interest is 
displayed.



Select the crops for which to adjust N loading

• Crops are selected from the drop-
down list at the top, by clicking on 
the crop or crops for which the user 
wants to adjust the N loading.

• One or multiple crops can be 
selected



Select the crops for which to adjust N loading

• The drop-down box disappears once 
clicking on the white space outside the 
drop-down menu

• The N loading is adjusted separately 
for each crop selected

• Crops can be deselected from the list 
by clicking “x” in the Crop list at the 
top.



Select the crops for which to adjust N loading

• Click “Next” to advance to the final 
input screen.



Enter scenario name and meta-data

• Scenario names 
appear in figure 
labels when 
comparing 
multiple 
scenarios, so 
best to make 
them 
informative

• Description 
should be 
useful for 
house-keeping 
and 
documentation



Enter scenario name and meta-data

• Click “Next” to 
run the 
scenario



Running the scenario

• Congratulations!  You just built an enormous model, you maybe simulating hundreds of years 
across thousands of square miles of a deep aquifer system with perhaps tens of thousands of 
wells.

• Be patient, our computers are busy. Importantly, your scenario is in the queue!
• You can close your laptop or turn off your computer if you want, nothing will be lost.  You can 

come back later to see whether your scenario has completed (it will show up at the top of 
your home screen list)



Running the scenario

• If you waited:  good news is showing here – your scenario is now out of 
the waiting queue and running, should be done shortly (minutes)



Running the scenario

• Your results are back!  Click “View scenario run” to see them.



View results from the scenario

• If you closed your browser tab and/or your computer, log back into CV-NPSATweb 
and find the scenario at the top of the list.

• Click on it anywhere in the scenario row to see the results



View results from the scenario

• The first part of 
this screen shows 
reflects the 
scenario input 
information



View results from the scenario

• Scrolling down, 
the first chart 
shows the 
scenario results: 
the long-term 
concentration 
across wells in 
the area-of-
interest

• The user can 
select any 
number of 
percentiles to be 
shown
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View results from the scenario

• Scrolling down, 
the first chart 
shows the 
scenario results: 
the long-term 
concentration 
across wells in 
the area-of-
interest

• The user can 
select any 
number of 
percentiles to be 
shown
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View results from the scenario

• Alternatively, a 
boxplot can be 
viewed to see 
how nitrate-N 
distribution in 
wells of the area-
of-interest evolve 
with teim

Whiskers:  5th and 95th percentile;  Box:  25th to the 75th percentile;   horizontal line:  median (50th percentile)
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View results from the scenario

• Scrolling further 
down, the second 
chart shows a 
comparison of the 
“base” BAU 
scenario with the 
selected “custom” 
scenario

• The comparison 
can only be done 
for a specific 
percentile (shown: 
median)
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View results from the scenario
• Alternatively, the 

difference 
between the 
“custom” 
scenario and the 
BAU (“base”), can 
be viewed as a 
heatmap.



View results from the scenario
• Moving the 

cursor over the 
heatmap will 
display the 
difference in 
nitrate-N [mg/L]



View results from the scenario
• Scrolling further 

down, additional 
information on 
the scenario can 
be found.



View results from the scenario
• Scrolling further 

down, this shows 
the N Loading 
percentage 
selected by the 
user for the 
scenario and the 
area associated 
with each 
selected crop



View results from the scenario
• Scrolling further 

down, a map 
with all (here: 
domestic) wells 
in the area-of-
interest and a 
histogram of the 
properties of 
those mapped 
wells are shown 



View results from the scenario
• Coloring of wells 

can be selected 
to be by:
– Depth (i.e., total 

depth) of the 
well

– Unsaturated 
Zone Depth

– Distance from 
the Water Table 
to the top of the 
well screen

– Total screen 
length



View results from the scenario
• Wells shown can 

be selected to be 
only those where 
the water age is 
older than a user-
selected 
threshold [years]



View results from the scenario
• The well symbols 

do not change in 
size and are 
better visible 
when zooming in.

• Note that there 
are few domestic 
wells (in this 
case) that have 
old water. And 
those that have 
are rather deep.



View results from the scenario
• The histogram 

can also be done 
by:
– Well depth
– Unsaturated 

zone depth at 
the wells

– Depth from the 
water table to 
the top of the 
well screen

– Well screen 
length



View results from the scenario
• A boxplot is 

displayed, when 
the “boxplot” 
option is selected 
from the drop-
down menu, for 
the same four 
well construction 
variables.



View results from the scenario
• At the very 

bottom of the 
scenario results 
page are links to 
additional useful 
CV-NPSAT results 
tools.
– Well Explorer
– Unsaturated 

Zone Explorer



Well Explorer:  Understanding groundwater age & source area

• The well explorer 
runs independent 
from any CV-NPSAT 
scenario. It has some 
familiar options to 
select a specific 
group of wells for 
inspection of 
groundwater age and 
well source area:
– Base model

• C2VSIM
• CVHM

– Scenario
• Pump adjusted
• Recharge 

adjusted
– Well type

• Domestic
• Irrigation & Public 

Supply
– Area-of-interest



Well Explorer:  Understanding groundwater age & source area

• The well explorer 
runs independent 
from any CV-NPSAT 
scenario. It has some 
familiar options to 
select a specific 
group of wells for 
inspection of 
groundwater age and 
well source area:
– Base model

• C2VSIM
• CVHM

– Scenario
• Pump adjusted
• Recharge 

adjusted
– Well type

• Domestic
• Irrigation & Public 

Supply
– Area-of-interest



Well Explorer:  Understanding groundwater age & source area

• Select your 
configuration, 
then

• “Fetch Wells”



Well Explorer:  Understanding groundwater age & source area

• Next, select one of the 
available variable by 
which to color wells and a 
minimum age threshold 
as needed

• Specify the aquifer 
porosity for the area-of-
interest (it will be 
uniform).  The porosity 
acts like an inverse 
scaling factor on velocity 
and affects the age of 
every flow path in CV-
NPSAT



Well Explorer:  Understanding groundwater age & source area

• If your area-of-interest is 
very large, zoom closer 
on the map to explore 
the age and source area 
of specific wells



Well Explorer:  Understanding groundwater age & source area

• If your area-of-interest is 
very large, zoom closer 
on the map to explore 
the age and source area 
of specific wells

• If the tool is slow in 
responding, select fewer 
wells:  select “Edit 
Selection”, adjust your 
area-of-interest (and any 
other model 
configuration) and, again, 
“Fetch Wells”



Well Explorer:  Understanding groundwater age & source area

• Click on a well to display 
it’s well-water’s age 
properties and the source 
area of that water



Well Explorer:  Understanding groundwater age & source area

• The source area is 
depicted by the yellow 
dots on the map

• Use the zoom tools on 
the map.

• Especially for domestic 
wells, which pump 
relatively small amounts 
of water, the source area 
is very small.



Well Explorer:  Understanding groundwater age & source area

• Each yellow dot marks 
the beginning of a 
streamline that goes to 
the selected well. Hence, 
this map shows the 
source area, and the 
receptor (well) location 
(but not the actual travel 
pathway of each 
streamline).



Well Explorer:  Understanding groundwater age & source area

• The source area is 
depicted by the yellow 
dots on the map

• Use the zoom tools on 
the map.

• Especially for domestic 
wells, which pump 
relatively small amounts 
of water, the source area 
is very small.



Well Explorer:  Understanding groundwater age & source area

• You can use the 
“Streampoints Display 
Mode” to make the 
display of source area 
points “sticky” or not, or 
to clear the sticky source 
areas.



Well Explorer:  Understanding groundwater age & source area
• Below the selection map is a 

panel of figures displaying:
– Age (years) vs Depth of the well 

screen position where 
(simulated) streamlines enter 
the well (m)

– Percentage of streamlines 
entering the well that are 
younger than the Age (years) 
on the x-axis

– The Unit Response Function 
(URF) associated with each 
streamline.  The URF is the 
breakthrough curve at the well 
(end of the streamline) for a 
one-year-long source input 
pulse of concentration 1 mg 
N/L (zero before and after) at 
the beginning (source) of the 
streamline. The streamlines are 
sequentially numbered from 
top to bottom of the screen.



Well Explorer:  Understanding groundwater age & source area

• The information 
displayed is derived from 
the CV-NPSAT 
groundwater flow model.

• The information is the 
exact same information 
used in the CV-NPSAT 
groundwater transport 
simulation tool to predict 
nitrate-N in wells



Well Explorer:  Understanding groundwater age & source area

• Note that the 
groundwater age 
associated with each 
streamline entering a 
well does not include the 
travel time in the 
unsaturated zone.

• Use the Unsaturated 
Zone Explorer to learn 
more about unsaturated 
zone travel time



Unsaturated Zone Explorer: Depth, travel time, recharge

• Maps of:
– Travel Time
– Vadose Zone 

(Unsaturated Zone) 
Depth

– Recharge
• User selects:

– CV2VIM or CVHM2
– Pump or Recharge 

adjusted
– water content

• travel time is 
proportional to the 
ratio of

(vadose zone depth) to 
(water content)



Unsaturated Zone Explorer: Depth, travel time, recharge

• Side-by-side 
comparison of 
CVHM- and C2VSIM-
based estimates of 
these three variables
– Travel time
– Vadose zone depth
– Recharge

• This is exactly the 
same information 
used in CV-NPSAT 
scenario simulations



Compare different scenarios

• By selecting multiple 
scenarios on the CV-
NPSATweb home page, their 
results can be compared 
directly

• Select scenarios by checking 
the box to the left of the 
scenarios to be included 
(maximum: 32)

• Click “Compare Scenarios”



Compare different scenarios

At the top of the comparison screen, the first two information fields show (A) details of each scenario 
selected and (B) details about the Loading Percentage and acreage of each crop in the scenario



Compare different scenarios

• The Line Chart option 
compares
– the nitrate-N evolution over 

time
– for the user-selected 

percentile among the wells
– in the area-of-interest of 

each scenario



Compare different scenarios

• The Box Plot shows
– the nitrate-N evolution over 

time
– Using boxplots for 

automatically grouped 
numbers of years

– Whiskers: 5th and 95th 
percentile

– Box:  25th and 75th 
percentile, median 
(horizontal line)



How to see your entire long list of scenarios



Home screen:  how to find specific types of scenarios

• Scenarios can be found by type:
– Flow scenario
– Load scenario
– Unsaturated Zone scenario
– Well Type scenario



Important Final Disclaimers
• The CV-NPSAT Framework encompasses 

information about sources, pathways, and 
receptors (wells) of nitrate pollution in the 
Central Valley

• It assembles the best available information on all 
of these aspects of the nonpoint source pollution 
process

• Necessarily, the complexity of the process across 
the Central Valley is such that even with the best 
information and the best tools, there remain 
many uncertainties, which in turn affect the 
accuracy of the results.

• CV-NPSATweb nitrate breakthrough curves, source 
areas, vadose zone information, or groundwater 
travel time distributions obtained from CV-NPSAT 
for a specific well are highly uncertain and must 
not be taken as a close-to-realistic prediction.

• Making accurate predictions for a specific well 
would take a large amount of field investigation 
and years of observation, no matter how “fancy” 
or physically representative of all processes a 
model may be

• CV-NPSATweb focuses on predicting the median 
and various percentiles of the nitrate distribution 
across wells in an area-of-interest

• The larger the area-of-interest (minimum:  
township / 20 wells), the more reliable is the 
estimate of the median and percentile 
distribution.

• The concentrations associated with the 
percentiles outside the interquartile range (25th 
to 75th percentile) are much less certain than 
those within the interquartile range.  Predicting 
the likelihood of very high (or very low) nitrate is 
no less difficult (or reliable) than, e.g., making a 
forecast for a 100-year flood or a 1000-year flood 
from a 20-year streamflow record



https://npsat.ucdavis.edu
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