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Briefly introduce role of observation data

Give overview of different observation data sources 
and processing steps

Present seepage calculations and ask for feedback 
about approach 

Goal of this talk
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Role of 
observation 
data in the 
model



‘Reality Check’

MODEL

INPUT

OUTPUT Observation Data

Agree?

No

Yes:

: try again

Observation data:

- Not for defining 
model structure

- Not for defining 
boundary 
conditions

- History-matching 
(calibration)

- Some are used 
formally, others 
informally to 
constrain 
parameters

Parameters
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Value of Different 
Types

• Parameter correlation and 
non-uniqueness

observation

parameter

f(parameter)
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Value of Different 
Types

• Parameter correlation and 
non-uniqueness

observation

parameter

f(parameter)
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Value of Different 
Types

• Parameter correlation and 
non-uniqueness

observation

parameter

f(parameter)

observation

• Parameter correlation and 
non-uniqueness
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Value of Different 
Types

• Parameter correlation and 
non-uniqueness

• Improved confidence in 
multi-use model
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Observation 
datasets for Big 
Lost groundwater 
flow model
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Observation Data
Name Type Locations Form Derived from

Groundwater levels state Throughout model area continuous & manual 
measurements

N/A

Streamflow flux A few points on Big Lost River continuous & manual 
measurements

N/A (stage)

Stream seepage flux A few large reaches on Big Lost 
River

calculated time-series streamflow, diversions 
& returns

Volume in Mackay reservoir state Mackay reservoir continuous measurements N/A (stage)

Inflow (sw + gw) to Mackay 
reservoir

flux Upper valley cumulative outflow 
(less flow under Mackay)

calculated time-series ET, streamflow, lake 
stage, bathymetry

1,000 spring discharge flux A point on stream calculated time-series Streamflow, ET

Seepage survey(s) flux Smaller reaches on Big Lost 
River below Mackay

Manual measurements Streamflow

Groundwater level synoptic state Throughout model area Manual measurements N/A

Water budget estimates flux Three subbasins of model area Calculated annual A lot

Pumping measurements flux Throughout model area Irrigation season total N/A
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Streamflow In/Out

• Source: USGS NWIS 
streamgaging network

• Temporal coverage: Good
• Spatial coverage: Good
• Reliability: Excellent
• Important Gaps: Antelope 

Creek before2018; 4 gages 
upstream of Mackay 
Reservoir after 1920-1960; 
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Streamflow Observations

Gages on the Big 
Lost downstream 
of Howell, 
excluding Mackay 
Res

Related, but 
different than 
seepage
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Groundwater 
pumping

• Source: IDWR Water 
Management Information 
System database

• Temporal coverage: annual 
since 2010

• Spatial coverage:
• Reliability: Very good
• Important Gaps: Must upscale 

annual to monthly via proxy 
(EVT, SW div?); must backfill to 
simulation start

Temporal 
Resolution Source 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Diversion Records daily IDWR
Pumping Records annual IDWR
Irrigated Lands Shapefile yearly IDWR
Metric EVT monthly (Apr-Oct) IDWR
ssebop/NDVI monthly (?) USGS
Water Budget Report yearly IGS
Reitz Recharge Arrays monthly USGS
Prism Precipitation Arrays monthly PRISM

tentative simulation period
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Annual Budget 
Values

• Much of this info – or 
associated info is used as 
inputs

• Some will probably be used 
as informal or qualitative 
targets – QA checks

• Some may be quantitative 
targets
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Groundwater Level Observations

Groundwater 
Levels are 
throughout the 
valley

Requires some 
processing
- Get end-of 

month values
- Cluster wells
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2020
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Groundwater Level 
Observations - 

Synoptic
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Mackay Volume
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Mackay Inflow

We don’t have 
enough data to 
parse out GW 
versus SW 
outflow (and their 
interchange)

We have change 
in volume and 
measured 
outflow from 
reservoir
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In      –     Out     =    ±ΔStorage

Mackay Reservoir

inflow from streams
inflow from canals
inflow from direct precipitation
inflow from groundwater

  

discharge to streams
discharge to canals
evaporation
transpiration of lakeside plants
leakage to groundwater
  

Δ lake volume

(modified from Faunt, 2009)

Mackay
Inflow

• A.K.A – net 
outflow of SW 
and GW from 
upper valley
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Seepage 
Survey

• Points in time, 
but high quality 
and high spatial 
resolution
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Big Lost River 
seepage 
calculations
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In      –     Out     =    ±ΔStorage

Rivers

upstream inflow
tributary inflow
runoff (urban, ag, native veg)
treated wastewater
precipitation
gain from groundwater
  

downstream outflow
diversions (ag, urban)
transpiration from riparian vegetation
evaporation
loss to groundwater
  

Δ instream volume 
(negligible)  

(modified from Faunt, 2009)

Streamflow 
Seepage

• SW-GW 
interactions in 
Big Lost is 
important in 
management 
and for model 
objectives

• We have a 
heterogeneous 
dataset of 
streamflow, 
diversions, & 
returns 
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Stream Seepage in Big Lost

We have 
streamflow 
observations for 
different periods 
at different 
locations
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Stream Seepage in Big Lost

We have 
diversion and 
return locations 
and data from 
2003 onward 
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Stream Seepage in Big Lost - Upper

Don’t have great 
data for 
calculating 
seepage in upper 
basin on monthly 
basis at a sub-
reach scale
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Stream Seepage in Big Lost – Middle & Lower

Much better for 
middle and lower 
valley

Biggest source of 
uncertainty is 
unmeasured 
tributary inflow – 
especially 
Antelope Creek
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Stream Seepage in Big Lost – Middle & Lower

IDWR accounting 
model has 
multiple reaches

Clark (2021) has 
two reaches

Clark (2021)



4141

Stream Seepage in Big Lost – Unmeasured Tributaries?

Still not sure what to do about 
unmeasured tributary inflow

 - Ignore

 - Only use months with likely 
little flow

 - Estimate inflow
    - Mutliple linear regression
    - Index gage
    
- Only use months when we 
have USGS gage + diversions + 
Pivotrac for Antelope

Clark (2021)
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Stream Seepage in Big Lost – Unmeasured Tributaries?

Still not sure what to do about 
unmeasured tributary inflow

 - Ignore

 - Only use months with likely 
little flow

 - Estimate inflow
    - Mutliple linear regression
    - Index gage
    
- Only use months when we 
have USGS gage + diversions + 
Pivotrac for Antelope

Clark (2021)
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Stream Seepage in Big Lost – Unmeasured Tributaries?

Still not sure what to do about 
unmeasured tributary inflow

 - Ignore

 - Only use months with likely 
little flow

 - Estimate inflow
    - Mutliple linear regression
    - Index gage
    
- Only use months when we 
have USGS gage + diversions + 
Pivotrac for Antelope

Clark (2021)
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Stream Seepage in Big Lost – Unmeasured Tributaries?

Still not sure what to do about 
unmeasured tributary inflow

 - Ignore

 - Only use months with likely 
little flow

 - Estimate inflow
    - Mutliple linear regression
    - Index gage
    
- Only use months when we 
have USGS gage + diversions + 
Pivotrac for Antelope

Dudunake & Zinsser (2021)
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Stream Seepage in Big Lost – Unmeasured Tributaries?

Still not sure what to do about 
unmeasured tributary inflow

 - Ignore

 - Only use months with likely 
little flow

 - Estimate inflow
    - Mutliple linear regression
    - Index gage
    
- Only use months when we 
have USGS gage + diversions + 
Pivotrac for Antelope

Clark (2021)
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Stream Seepage in Big Lost – Unmeasured Tributaries?

Still not sure what to do about 
unmeasured tributary inflow

 - Ignore

 - Only use months with likely 
little flow (not May, June, July)

 - Estimate inflow
    - Mutliple linear regression
    - Index gage
    
- Only use months when we 
have USGS gage + diversions + 
Pivotrac for Antelope
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6161



6262



6363
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Stream Seepage in Big Lost – Unmeasured Tributaries?

Still not sure what to do about 
unmeasured tributary inflow

 - Ignore

 - Only use months with likely 
little flow (not May, June, July)

 - Estimate inflow
    - Mutliple linear regression
    - Index gage
    
- Only use months when we 
have USGS gage + diversions + 
Pivotrac for Antelope

Systematically missing high 
flows / high stage?
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SFR stage & 
discharge

• In SFR (and reality) stage, 
discharge, and seepage 
are nonlinearly related

• It would be good to 
constrain this relationship 
with seepage data at a 
range of values for all three 

• SFR assumes wide 
rectangular channel with 
Manning’s for stage-
discharge
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SFR stage & 
discharge

• In SFR (and reality) stage, 
discharge, and seepage 
are nonlinearly related

• It would be good to 
constrain this relationship 
with seepage data at a 
range of values for all three 

• SFR assumes wide 
rectangular channel with 
Manning’s for stage-
discharge
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SFR stage & 
discharge

• In SFR (and reality) stage, 
discharge, and seepage 
are nonlinearly related

• It would be good to 
constrain this relationship 
with seepage data at a 
range of values for all three 

• SFR assumes wide 
rectangular channel with 
Manning’s for stage-
discharge
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Stream Seepage in Big Lost – Unmeasured Tributaries?

Still not sure what to do about 
unmeasured tributary inflow

 - Ignore

 - Only use months with likely 
little flow (not May, June, July)

 - Estimate inflow
    - Mutliple linear regression
    - Index gage
    
- Only use months when we 
have USGS gage + diversions + 
Pivotrac for Antelope
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Stream Seepage in Big Lost – Unmeasured Tributaries?

Still not sure what to do about 
unmeasured tributary inflow

 - Ignore

 - Only use months with likely 
little flow (not May, June, July)

 - Estimate inflow
    - Index gage
    - Mutliple linear regression +
    
- Only use months when we 
have USGS gage + diversions + 
Pivotrac for Antelope
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Stream Seepage in Big Lost – Unmeasured Tributaries?

Still not sure what to do about 
unmeasured tributary inflow

 - Ignore

 - Only use months with likely 
little flow (not May, June, July)

 - Estimate inflow
    - Index gage
    - Mutliple linear regression
    
- Only use months when we 
have USGS gage + diversions + 
Pivotrac for Antelope
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Stream Seepage in Big Lost – Unmeasured Tributaries?

Still not sure what to do about 
unmeasured tributary inflow

 - Ignore

 - Only use months with likely 
little flow (not May, June, July)

 - Estimate inflow
    - Index gage
    - Mutliple linear regression
    
- Only use months when we 
have USGS gage + diversions + 
Pivotrac for Antelope
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Stream Seepage in Big Lost – Unmeasured Tributaries?

Still not sure what to do about 
unmeasured tributary inflow

 - Ignore

 - Only use months with likely 
little flow (not May, June, July)

 - Estimate inflow
    - Index gage
    - Mutliple linear regression
    
- Only use months when we 
have USGS gage + diversions + 
Pivotrac for Antelope
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Thanks!
Jacob Knight
jknight@usgs.gov
520-670-3336

Stephen Hundt
shundt@usgs.gov
208-387-1390

mailto:jknight@usgs.gov
mailto:shundt@usgs.gov
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