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Model Purpose

• The purpose of the RiverWare 
Mass Balance Model is to 
integrate 

• modeled surface hydrology
• baseflow
• consumptive use
• open water evaporation, and
• hydraulics 

to develop natural streamflow 
estimates, assuming pre-
development conditions
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Model Extent
• Phase 1

• Incorporates drainage area 
upstream of Link River at 
Klamath Falls

• Phase 2
• Incorporates modeling of 

Lost River, Klamath Project, 
Lower Klamath NWR

• Incorporates mass-balance 
of Rogue River Project 
interbasin transfers

• Phase 3
• Scott, Shasta, other lower 

4 basin tributaries



Study Locations
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USGS ID Description
11501000 Sprague River near Chiloquin, OR
11502500 Williamson River below Sprague River near 

Chiloquin, OR
11507500 Link River at Klamath Falls, OR
11504115 Wood River near Klamath Agency, OR
11509500 Klamath River at Keno, OR
11510700 Klamath River below JC Boyle Powerplant 

near Keno, OR
11516530 Klamath River below Iron Gate Dam, CA
11517500 Shasta River near Yreka, CA
11519500 Scott River near Fort Jones, CA
11520500 Klamath River near Seiad Valley, CA
11523000 Klamath River at Orleans, CA
Not 
Applicable

Klamath River at Weitchpec, CA



Klamath Mass Balance Model
• The Mass Balance Model 

uses RiverWare, a modeling 
framework that calculates 
the water balance of a 
managed water resources 
system using a prioritized 
list of operational rules and 
tailored methods for river 
and reservoir routing, 
quantifying evaporation 
volume, and more
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Draft of model schematic for Phase 1 region
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Colorado River Basin Natural Flow and Salt Data

https://www.usbr.gov/lc/region/g4000/NaturalFlow/documentation.html



RiverWare in the Klamath Basin
Klamath 
Planning 

and 
Operations 

Model 
(KPOM)

Klamath 
Mass 

Balance 
Model

Daily Operations 
(completed 2020)

Long-Term Planning 
(planned completion 2022)

Klamath Revised Natural Flow Study

• Runs out to ~1 year
• Fixed operating policy
• Fixed model structure
• Observations and 

forecasts as inputs

• May run years to decades
• Varying operating policy
• Varying model structure
• Historical observations or 

scenario data as inputs
• e.g. paleohydrology or 

projected future 
streamflow

• Will run water years 1981-2020
• Conceptual model structure
• Model objects consistent with KPOM

• e.g. gage objects
• Historical observations and modeled 

historical data as inputs
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The RiverWare 
Mass Balance will 
be agnostic to 
operational rules, 
because 
operations will 
be reflected in 
the observed 
input data.
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Input Data
• The Mass Balance Model will 

combine observed flows with 
the modeled inflows from the 
complimentary models
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Modeling 
Methodology
• This will be done primarily using 

two methods: 
• Natural Flow by Simulation
• Natural Flow by Difference 
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Modeling 
Methodology
• Natural Flows by Simulation: 

Calibrate the Mass Balance 
Model. Natural Flow estimated
by removing post-project 
features and using pre-project
simulated streamflow. 
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Modeling 
Methodology
• Example: Wood River near 

Klamath Agency, OR
• Gage records available 2013-presen
• First, the Current conditions model

flows would be compared to gage 
records from 2013-2020

• Second, model adjustments would 
made as needed to calibrate to 
observed records; if appropriate, 
similar adjustments would be made
to Pre-Development mode
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Modeling 
Methodology
• Example: Wood River near 

Klamath Agency, OR
• Gage records available 2013-presen
• First, the Current conditions model 

flows would be compared to gage 
records from 2013-2020

• Second, model adjustments would 
made as needed to calibrate to 
observed records; if appropriate, 
similar adjustments would be made
to Pre-Development model

• Third, the Pre-Development model 
would then be used to estimate 
Natural Flow
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Modeling 
Methodology
• Natural Flows by Difference: 

Calculate the differences 
between applicable inflows to 
(or losses from) the Klamath 
River. Natural Flow estimated 
by adjusting observed 
streamflow by the calculated 
differences. 
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Modeling 
Methodology
• Example: Sprague River near 

Chiloquin, OR
• Long gage records are available
• First, observed flow would be use as 

Nat Flow
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the baseline for estimating natural 
flow

• Second, the differences of major 
fluxes between Current conditions 
and Pre-Development conditions 
will be used to estimate Natural 
Flow from estimated flow.

• When possible, observations and 
measured data will be favored over 
modeled data
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Model Calibration
• Each of the individual process 

models (e.g., Surface Runoff) 
will rely on the calibrations 
conducted for each process 
model

• In some cases, verifications of 
Current Condition Mass Balance 
results will be conducted using 
available gage records
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RiverWare Mass 
Balance
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Comparison to 2005 Natural Flow Study 
2005 Study
• Developed with MS Excel
• Monthly Timestep
• Lumped approach, without direct 

modeling of physical processes 
or consumptive uses

• Natural Flows upstream of Keno, 
only

This Study
• Developed with RiverWare
• Daily Timestep
• Distributed approach, using 

process models representing 
physical processes, development, 
and consumptive uses

• Natural Flows for Locations in 
Klamath River Basin from 
Sprague River to the Trinity 
River confluence
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Natural Flow Representation

• The model is run using multiple 
combinations of inputs from 
process model simulations and 
parameterizations of the Mass 
Balance model, resulting in an 
ensemble of daily natural 
streamflow estimates at desired 
locations. 

• Ensemble mean/median natural 
streamflow and uncertainty 
bounds will be provided in the 

23 final natural flow dataset.

Natural Flow Estimates

Use both methods and multiple parametrizations of RiverWare
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Sensitivity & Uncertainty Analysis
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• Using multiple combinations of 
inputs from process model 
simulations and parameterizations 
of the Mass Balance model will 
result in uncertainty bounds for 
natural flow estimates

Natural Flow Estimates

Use both methods and multiple parametrizations of RiverWare
Mass Balance Model to generate range and best estimate of
Natural Flow.
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Summary

• Uses the RiverWare model to simulate Mass Balance 
• Datasets include input from all other process models
• Calibration to existing conditions when simulations and observations allowed

• Improves upon the 2005 Study by:
• Using a widely accepted mass balance model, RiverWare
• Reducing timestep to daily, from monthly
• Including additional locations and modeled inputs

• Represents Natural flow by: 
• Using process model simulation results under pre-development conditions

AND 
• Using the difference between current and pre-development conditions 

25 process model simulation results
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