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Analysis Approach Nov 2022 Workshop Action Items Next Steps Study Overview 

Update Outline 
• Study Overview 
• Analysis Approach 
• Revisit the Nov 2022 

Workshop 
• Action Items from 

Workshop 
• Next Steps 
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Analysis Approach Nov 2022 Workshop Action Items Next Steps Study Overview 

Study Motivation – Update the 2005 Study 
• Contribute to Klamath Basin 

Science Initiative 
• Provide rigorous scientific 

information to support habitat
studies, drought planning, and 
water supply/allocation
planning 

• Address 2005 NFS deficiencies 
(simplistic, coarse timescale, 
lack of transparency) 
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Action Items Next Steps Study Overview Analysis Approach Nov 2022 Workshop 

Study  Application 
• Tools  to support the scientific  

understanding  of the basin  conditions 

• Toolbox  to address problems and provide  
solutions  within  the basin 

• Baseline  data  and tools  for a variety  of  
separate  studies and purposes,  including 
upcoming ESA consultations 
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Analysis Approach Nov 2022 Workshop Action Items Next Steps Study Overview 

How do we define Natural Flow? 
General Definition 

“The water that would exist in a watercourse absent of human intervention.” 

2005 Natural Flow Study 
Streamflow that would exist in a water course by removing “the effects of 
agricultural development on natural flows.” 

Current Natural Flow Study 
“Naturalized streamflow is defined as the streamflow that would have 
occurred in the absence of agricultural and other development (roads, 
railroads, municipalities, etc.) during the 1981-2020 water years.” 

Scope of Work 
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Analysis Approach Study Overview 

2005 Natural Flow 
Study 
• Monthly  flow timeseries  for 

water years  1949-2000 

• National Research Council (NRC) 
Recommendations (2008) 

• Quantitative groundwater  
assessment 

• Daily time step 
• Improve ET estimates 
• Incorporate  land cover  changes 

Nov 2022 Workshop Action Items Next Steps 



 
   

 

  

 
 
    

 
Nov 2022 Workshop Action Items Next Steps Analysis Approach Study Overview 

2025 Natural Flow Study 

• Supply the most scientifically 
thorough estimates of daily 
natural flows 

• Use current data, novel scientific 
technologies and methods 

• Highly Influential Scientific 
Assessment (HISA) 

• Internal Peer Review 
• External Peer Review 
• Collaboration with local subject matter 

experts 

Phase 3 

Phase 2 

Phase 1 
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Nov 2022 Workshop Action Items Next Steps Analysis Approach Study Overview 

ect Extent 

• Phase 1 –  Above Link River  Dam 
(UKL inflows)  

• Phase 2  –  Link River  Dam to  
Irongate Dam 

• Phase 3  –  Irongate  Dam  to the  
confluence with  the Trinity River  

Phase 3 

Phase 2 

Phase 1 



 

Analysis Approach Nov 2022 Workshop Action Items Next Steps Study Overview 

Basic Water Balance 
Methodology 

Natural flow = gaged  flow  ±   depletion ±  
water management 

• Calibrate to  current  conditions 

• Analyze  models for  pre-development  
conditions 
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Modeling 

Mass 
Balance 
Model 

Surface 
Hydrology 

Observed 
Data 

Natural 
Flow 

Hydraulics 

Net 
Consumptive 

Use 

Net 
Evaporation 

Baseflow 
Groundwater 

Evapotranspiration 

Fl
ow

 

Simplified NFS 

Schematic 

Natural Flow Estimates 

Range of Flow 
Best Estimate 

Time 
Use both methods and multiple parametrizations of RiverWare 
Mass Balance Model to generate range and best estimate of 
Natural Flow. 10 



 
   

   

Study Overview Action Items Next Steps Analysis Approach Nov 2022 Workshop 

November 2022 Workshop Summary 
Purpose: clarify goals and methods of the planned study and solicit 
recommendations for applicable data sets and references. 
• 2  days & 7 presentations
• ~20+ stakeholders 
Outcomes
• ~50+ action items to  enhance

the study
• ~10+ post-workshop

reference sharing
• 2 Recorded Desktop Tours
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Workshop Action Items 
Dynamic Reference List
Concerns  about monthly estimates  of Open  Water Evaporation
Add Fourmile Reservoir  and natural  lakes to open  water evaporation 
Partition  crop consumptive use estimates  according  to source (SW  and GW)
Develop  supplemental  pumping  estimates  as input  to GW model
Investigate the hydraulic connection  between  LKL  and  KR
Apply calculated  ET estimates  for  surface water  hydrology model
3 Desktop  tours 
Assess the  existing  Shasta & Scott  River  GW models
Hydraulic roughness uncertainty  analysis

Gold items will be discussed in more detail 
12 

GW = groundwater; KR = Klamath River; LKL = Lower Klamath Lake; SW = surface water; UKL = Upper Klamath Lake



 
Study Overview Next Steps Analysis Approach Nov 2022 Workshop Action Items 

Dynamic Reference List 
• 900+ files organized  and documented
• Draft complete
• Focusing on:

• Journal articles
• Other reports
• Legal agreements
• Historical maps

• Updated periodically (quarterly/semi-
annually) 
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Study Overview Next Steps Analysis Approach Nov 2022 Workshop Action Items 

Concerns about monthly estimates of Open 
Water Evaporation 
Switch to Daily  Lake  Evaporation  Model  for Open Water Evaporation 
• Calculations  at a  daily  time step 
• Eliminates disaggregation  errors
• More comprehensive algorithm 

• Wind speed/direction 
• Fetch
• Parameterized heat storage

Schematic of Lake temperature and evaporation model 
Zhao et al., 2020 
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Clear Fourmile Lake Lower 
Lake Lake Ewauna Klamath 

Lake/NWR 

Preliminary Information – Subject to Revision. Not for Citation or Distribution. 15 

  
Study Overview Next Steps Analysis Approach Nov 2022 Workshop Action Items 

Add Fourmile Reservoir & Natural Lakes to 
Open Water Evaporation 



    
  

    

 
 

Study Overview Analysis Approach Next Steps Nov 2022 Workshop Action Items 

P a r t i t i o n i n g  c r o p  c o n s u m p t i v e  u s e  
e s t i m a t e s  a c c o r d i n g  t o  s o u r c e  

• Approx imate  part i t ion ing  of  c rop consumpt ive  use  
( inf luence  of  groundwater  on  agr icu l tura l  ET)  

• DRI  working with USBR and Confluence  Resource  Consulting to identify locations  of irrigated 
agriculture with access  to shallow groundwater 

• Selection of  sites where  irrigation  ceased and  evidence of  consumptive use remained 
• Use  of mapping  field  elevations relative  to  major rivers/streams to  distinguish between  

surface  water  and groundwater influence 

T h a n k  y o u  t o  O W R D ,  D R I  &  L a r r y  D u n s m o o r  f o r  s u p p o r t .  



    
 

Study Overview Next Steps Analysis Approach Nov 2022 Workshop Action Items 

Develop supplemental pumping estimates as 
input to groundwater model 
Analyses include:
• Recharge from canal seepage
• Deep percolation from irrigation

recharge
• Groundwater pumping for irrigation
• Groundwater  pumping for domestic,

community, municipal and  industrial
uses

• Calculated  baseflow from stream gage 
observations

Thank you to Jacob  Kann  from Aquatic Ecosystem  
Sciences  LLC  &  Jeffrey Walker  from Walker  
Environmental  Research LLC for  providing 
additional data.  
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Next Steps Study Overview Analysis Approach Nov 2022 Workshop Action Items 

Investigate hydraulic connection between Lower 
Klamath Lake and Klamath River 

• Quantifying water exchange
under pre-development
conditions between Klamath
River and Lost River Slough, and
Klamath River and Lower
Klamath Lake

• Initial modeling complete
• Sensitivity testing complete.

Currently analyzing results

Inflow 

Inflow 

LKL water 
surface 

Outflow 

Outflow 

Exchange Rates 
Calculated 

Preliminary Information – Subject to Revision. Not for Citation or Distribution. 
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Study Overview Analysis Approach 

Apply calculated ET estimates
for surface water hydrology
model 
• using eeMetric AET and SNODAS SWE

• Combined Phase 1 and 2 surface water hydrology
models

• Received gridMET-NHM from USGS late January ahead of
public release

• Calibrating to SWE/AET first and then refining with streamflow
if possible

• Applying daily UKL inflow estimates to calibrate Phase 1 region

Preliminary Information – Subject to Revision. Not for Citation or 
Distribution. 19 

Action Items Next Steps 



   
 

     

  

    

  

    

Study Overview Analysis Approach Nov 2022 Workshop Action Items Next Steps 

Next Steps for Project Success 
• Continue Phase 1 & 2 Analysis

• Complete Phase 1 & 2 Hydraulics & Evapotranspiration Assessment
this fiscal year

• Follow HISA peer review plan

• Next stakeholder update – Fall 2023

• Next workshop – Phase 1 & 2 results (~Fall 2024)

• Scoping effort + site visit for Phase 3 groundwater modeling

• Desktop tour of lower basin, below Iron Gate Dam
20 



2023 2024 2025 

Task M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D 

   Phase 1 & 2 Hydraulics 

Evapotranspiration 

 Open Water Evaporation 

   Phase 1 & 2 Surface 
Hydrology 

    Phase 1 & 2 Groundwater 

    Phase 1 & 2 Natural Flow 
Estimate  

  Phase 3 Additional 
Modeling 

   Phase 3 Natural Flow 
Estimates 

Comprehensive Report 

Project Timeline 
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Study Overview Analysis Approach Nov 2022 Workshop Action Items Next Steps 
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 Points of Contact 
Caroline Ubing, Project Manager (Technical Service Center) 

cubing@usbr.gov 
Marketa McGuire, Technical Lead (Technical Service Center) 

mmcguire@usbr.gov 
Bill Cronin, Klamath Basin Water Operations Division (Area Office) 

wcronin@usbr.gov 
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