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Humboldt River Basin Modeling 
Workshop - Outline    

− Review of Actions Taken in 2015 
– Orders 
– PCWCD Legal 
– Glover analysis 

− Hydrologic Conditions and Forecast 
− Capture Modeling Overview 

– What is it 
– How might modeling and results be used 

− Humboldt River Capture Models: USGS and DRI 
− Q & A 

 



Review of Previous Meetings and 
State Engineer Actions 

November 2014: Grass Valley and Winnemucca Segment closed 
to new appropriations 

January 2015: No curtailment of groundwater pumping in 2015.  
Analysis shows no significant additional flows would result 
from curtailment. 

February 2015: Meter requirement for Humboldt River Basin 
groundwater wells (Order 1251) 

March-July 2015: Designation of all groundwater basins in the 
Humboldt Region 

Entire 2015 Season: No deliveries to diversified pasture 

 

 

Presenter
Presentation Notes
Listening Sessions 7/28&29/2014
Order 1251 	Jan 14&15, 2015
Workshops 	Feb 12&13, 2015
	May 13&14, 2015



Review of Previous Meeting and 
State Engineer Actions 

− PCWCD legal action 
– Seeks a Writ of Mandamus from the Pershing County District 

Court to require the State Engineer to: 
− Establish Critical Management Areas in over-appropriated groundwater 

basins to reduce appropriations to the Perennial Yield and eliminate 
interference with senior surface water rights, and 

− Regulate mining and milling as permanent appropriative rights 

– Current status 
− Motions to intervene by affected parties 
− Briefing to be heard by District Court on motion to dismiss 
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GLOVER'S SOLUTION 

 
 
 
q/Q = Capture % 
l = distance 
S = Storage Coefficient 
T = Aquifer Transmissivity 
t = Time 
 
erfc is complementary error function 
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Transmissivity 
      ft2/day 

1852 Wells 



273 Permitted Wells with 
capture of 10% or more 

< 10% 



Glover’s Results 

Total Groundwater Duty with >10% 
Capture (AFA) 37,650 

Estimated Groundwater Pumping during 
Irrigation Season (AF)* 7,480 

Additional Flow in Humboldt River over 
2015 Irrigation Season if all Pumping 

Ceased (AF)  
1,480 

*Based on 2013 records 



Hydrologic Conditions 

& 

Climate Forecast 



Current Drought Conditions  
October 7, 2014 October 27, 2015 



2015 Humboldt River streamflow 
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Palisade 
Average 
2015 
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Imlay 

Avg= 280 
KAF 
2015= 87 
KAF 
5th lowest 
(1903-2015) 

Avg= 180 KAF 
2015= 7 KAF 
lowest on 
record (1937-
2015) 



Humboldt River Flow, 1946-2015 
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Palisade Imlay 

Palisade Average = 
290,000 AF 

Imlay Average = 
202,000 AF 

Presenter
Presentation Notes
Note averages and average loss.
Note losses when flow is less than 100K for other periods of time.
Increase in % of loss when coming out of drought.




 

 
 
 

Weather/Climate Forecast 
Three-Month Outlook - Precipitation 

http://www.cpc.ncep.noaa.gov/products/predictions/long_range/ 

http://www.cpc.ncep.noaa.gov/products/predictions/long_range/lead01/off01_prcp.gif�
http://www.cpc.ncep.noaa.gov/products/predictions/long_range/lead04/off04_prcp.gif�


Presenter
Presentation Notes
Note that area for drought persists/intensifies is identical to Nov-Jan precip outlook from prev slide

http://www.cpc.ncep.noaa.gov/products/expert_assessment/season_drought.png�


Humboldt River  

Capture Modeling  

Overview 



Humboldt River Capture Modeling 
 

− Groundwater pumping affects flow in the Humboldt River, but 
the magnitude and timing are not well understood.  
 

− We need to know this as a basis for equitable, accurate and 
legally defensible water management strategies. 
 

− State Engineer’s Office contracting with USGS and DRI for 
calibrated basin-scale groundwater – surface water models 
from pre-development through 2015.   
 

 



What is Streamflow capture? 
− Also commonly referred to 

as Streamflow depletion. 
− In 1940, C.V. Theis 

published paper on “The 
source of water derived 
from wells” 

 



Humboldt River Capture Modeling 
– What is a capture model? 
– Groundwater flow model is foundation 

− Simulates surface and groundwater system 
− Calibrated to actual conditions ( water levels, flows) 

– Used to estimate and predict river capture by 
groundwater pumping anywhere in the basin 

– Model products are capture maps for selected 
time periods 

– Necessary for future conjunctive management of 
surface and groundwater in the basin 

 
 

 

Presenter
Presentation Notes
Look at two capture model cases, a single through-flowing river system, and a river system with several tributaries. Similar to middle/lower Humboldt and upper Humboldt off the ruby mts.




Capture Map Example: San Pedro 
River, AZ 

− Developed by the USGS 
− Effects of groundwater pumping and aquifer storage 

projects on streamflow 



San Pedro 
River 

Capture Map 

 
 

 

USGS SIR 2008-5207 



San Pedro 
River 

Capture Map 

 
 

 

USGS SIR 2008-5207 



Capture Map Example:  Elkhorn-Loupe River 
Basin, Nebraska 

 – No new groundwater appropriations 
– Applications to change pumping location are reviewed 

for capture %, and duty is adjusted so the effect on 
streamflow is neutral. 

 USGS Scientific Investigations Report 2010–5149 

Presenter
Presentation Notes
50-year total depletion map. 



 USGS Scientific Investigations Report 2010–5149 

Presenter
Presentation Notes
50-year total depletion map. 
Depletion configuration controlled by location of rivers and streams.



Humboldt River  

Capture Modeling  

 

USGS and DRI 



Planned Models 
 

− Three separate but 
connected models 

− DRI Upper Humboldt - 
update of existing model 

− USGS Middle Humboldt - 
update of existing model 

− USGS Lower Humboldt - 
new model 

 



1. Analysis of Phreatophyte Evapotranspiration for 
the Humboldt River Basin 

2. Update of the Upper Humboldt River 
Groundwater Model 

 

Greg Pohll 
Justin Huntington 



Phreatophyte ET 

− Humboldt River 
groundwater models rely 
on accurate estimates of 
phreatophyte ET 

− Field work and areal and 
satellite imagery will be 
used to refine existing 
phreatophyte 
groundwater discharge 
boundaries in each HA  



Delineate Phreatophyte ET Areas 

− Many different 
phreatophyte boundary 
datasets are available 
for the Humboldt Basin 

− Phreatophyte areas will 
be field verified, and 
refined to determine the 
most accurate and 
appropriate boundaries 



− Local climate data will be organized into gridded 
database  

− Climate data will be paired to the Landsat imagery 
(1985-2015) to estimate groundwater ET 

Groundwater  
ET Model 

Landsat Remote Sensing 

Gridded Weather Data 



Beamer et al., 2013 



Upper Humboldt 
Groundwater 

Model 

• Update AQUA Program 
groundwater flow model 

• Simulates hydrographic 
basins 42 - 50 

 



Groundwater Modeling Tasks 

1. Assess non-linear bias 
2. Update hydrogeologic database 
3. Reconstruct model to focus on groundwater 

and surface water interactions along the 
upper Humboldt River 

4. Capture analysis 
5. Reporting 



Task #1 – Nonlinear Bias 
− Stream capture calculations 

are dependent on 
groundwater levels, pumping 
and evapotranspiration rates 

− Stream capture calculations 
are not necessarily additive  

− The bias associated with the 
non-additive nature of the 
calculations will be evaluated 
using hypothetical test models 
and an existing model of the 
Fernley groundwater system 



Task #2 – Update Database 

− Groundwater pumping 
− Phreatophyte ET 
− Surface water flows and 

spatial and temporal 
distribution of gains and 
losses 

− Hydraulic parameters (e.g. 
hydraulic conductivity and 
storage parameters) 

− Groundwater recharge 



Task #3 – Update Model 
• Enhance simulation of 

groundwater/surface 
water interactions 

• Stream package for 
Humboldt River 

• Tributaries (18) will be 
included as specified 
head boundary 
conditions 



Task #3 – Update 
Model 



Task 4 – Stream Capture 

− Historical depletions will 
be calculated for the 
main stem of the 
Humboldt River (above 
Palisade gage) and 
tributaries 

− Capture maps will be 
developed for entire 
model area at 10, 25, 50 
and 100 years 
 

USGS SIR 2008-5207 



Task #5 - Reporting 

− A peer-reviewed DRI 
report will document all 
model updates and 
stream capture analysis 

− A peer-reviewed journal 
article will be written in 
collaboration with the 
USGS to document the 
nonlinear bias analysis 



USGS Models 
 

Evaluation of streamflow depletion 
related to groundwater 

withdrawals  
 

Middle and Lower Humboldt River 
basins 



Objectives 

1. Estimate Humboldt River depletion caused by 
groundwater withdrawals between Carlin and Imlay 
gages (Capture Maps). 
 

2. Estimate effect of mine dewatering on Humboldt 
River streamflows as a result of mine-dewatering 
operations through 2015. 
 

3. Estimate effect of groundwater withdrawals from 
individual hydrographic areas on Humboldt River 
depletion. 
 



General Approach 

− Revise and recalibrate existing 
Middle HRB MODFLOW model. 

− Build and calibrate new Lower 
HRB MODFLOW model. 

− Similar construction, design, 
and calibration approach. 

− Middle HRB model receives 
flow from Upper HRB model at 
Carlin gage. 

− Middle HRB model transfers 
flow to Lower HRB model at 
Comus gage. 



General Approach (cont) 

− Determine/refine hydraulic 
properties through model 
calibration. 

− Reformulate calibrated 
models to answer questions 
and address objectives. 

− Develop reference scenario 
where groundwater is not 
pumped. 

− Develop capture maps. 
− Evaluate mine dewatering. 



Model Design – Discretization 

− Middle HRB model 
− 2,500 ft square grid cells 
− 4 layers including 

bedrock. 
 

− Lower HRB model 
− 1,500 ft square grid cells 
− 3 layers, does not 

include bedrock. 



Model Design –  
Steady state and transient models 

Steady State model 
− Simulates average 

conditions of early 1960’s. 
− Assumes no long-term 

changes in groundwater 
storage. 

− Represents a period of 
dynamic equilibrium. 

Transient model 
− Simulates changing 

conditions from 1961 
through 2015. 

− Simulates changes in 
groundwater storage. 

− Stresses (pumping rates) 
varied semi-annually. 

− Simulates on a monthly 
time step. 



Simulated processes 

− Recharge (includes 
intermittent streams). 

− Groundwater flow and 
levels. 

− Tributary streams with year-
round flow. 

− Humboldt River flow and 
diversions. 

− Evapotranspiration of 
groundwater. 

− Groundwater pumping. 
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Model Calibration 

− Calibration is the process of adjusting hydraulic 
properties (parameters) in the model and model 
construction to improve simulation of observed 
conditions. 

− 100’s to 1000’s of parameters. 
− Ultimate goal is satisfactory determination of 

hydraulic properties governing the hydrologic 
system. 



Model Calibration – 
Observation data 
− Synthesizes known data for 

the system. 
− Groundwater levels. 
− Streamflows. 
− Water budgets. 
− Evapotranspiration rates. 
− Areas of phreatophyte 

discharge. 
− Transmissivity estimates. 

Eakin and Lamke, 1966, Bulletin 32 

 



Model Calibration – Strategy and 
approach 

− Automated calibration procedure known as 
Parameter ESTimation (PEST). 

− PEST systematically adjusts properties to minimize 
differences between simulated and observed data. 

− Will use existing hydrogeologic frameworks to 
distribute and constrain properties in hydrogeo units. 

− Transmissivity and storage properties will be allowed 
to vary within units to better represent variability of 
the properties within hydrogeologic units. 



Model Calibration – related to 
mine dewatering 

− Start with hydraulic property solutions found 
in existing mine groundwater flow models. 

− Simulate mine-dewatering and compare with 
observed water level data near mines. 

− Adjust properties if necessary to optimize a 
solution that minimizes differences between 
simulated and observed conditions. 



Develop reference scenario 

− Reference scenario represents the hydrologic 
system where groundwater is not pumped.  

− Provides a reference from which to evaluate 
impacts of groundwater pumping on 
streamflow. 

− Will use 50-yr reference period 1966 – 2015. 
− Repeat reference period once to simulate 100 

year period. 



Develop capture maps 

− Start with reference scenario (no 
pumping). 

− Systematically pump one model 
cell at a time. 

− Evaluate change in streamflow 
(stream depletion) as result of 
pumping from each cell for 
durations of 10, 25, 50, and 100 
years. 

− Develop a contour map of stream 
depletion for each pumping 
duration evaluated (capture map). 



Mine Dewatering 

− All within the Middle 
Humboldt model domain. 

− Criteria for evaluation is 
pumped more than average 
of 1,000 acre-ft/yr for 5 or 
more years. 

− 9 mine dewatering 
operations to be evaluated. 

− Non-consumptive portion 
of water routed to areas of 
irrigation, injection, or 
stream discharge. 
 

Fig. 1 No. Mine Operation Basin 2015 Mine status 

M1 Lone Tree Clovers Inactive 
M2 Carlin South Operations Maggie Creek  Active 
M3 Cortez Operations Crescent Valley Active 
M4 Goldstrike Operations Boulder Flat Active 
M5 Carlin North Operations Boulder Flat Active 
M6 Twin Creeks Kelly Creek Active 
M7 Phoenix Buffalo Valley Active 

M8 Turquoise Ridge Kelly Creek Surface Inactive, 
Underground Active 

M9 Cove-McCoy Lower Reese 
River Valley Inactive/Exploration 



Mine Dewatering 

− Create mine-dewatering scenario for each mine-
dewatering operation. 

− Scenarios will only simulate pumping associated with 
dewatering operation.  

− Evaluate stream depletion (and accretion) by 
differencing streamflows between mine dewatering 
scenarios and reference scenario. 

− Produce plots showing streamflow accretion and 
depletion over time for each dewatering operation 
evaluated and all operations together. 
 



Effect of existing pumping from each 
HA on Humboldt River depletion 

− Simulate impact of existing pumping from each HA 
on streamflow depletion. 

− Create pumping scenario for each HA by removing 
pumping from all other HA’s in calibrated models. 

− Evaluate stream depletion by differencing 
streamflows between HA pumping scenarios and 
reference scenario. 
 



Potential limitation 
− Do models respond linearly 

to groundwater pumping? 
− In other words – Does 

simulated capture fraction 
at a given location vary with 
pumping rate and/or other 
nearby pumping? 

− Will be some degree of non-
linearity which will be 
tested. 

− Anticipated to be small 
enough to ignore. 

− To be verified by further 
study (with DRI) 



Peer Reviewed Products 

− Publically available 
models. 

− Interactive capture 
maps. 

− Journal article on use of 
non-linear models for 
evaluating stream 
depletion. 

− USGS professional-
series report. 



Timeline 

Task FY16 FY17 FY18 FY19 
1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 

Field work x       x                       
Develop model input datasets x x x x x x                     
Model calibration         x x x x                 
Journal Article draft   x x x                         
Journal Article Acceptance               x                 
PP Chapters 1 - 3 draft   x x x x x x x                 
PP chapters review and processing                 x x x x         
Depletion map development                 x x             
Mine dewatering evaluation                   x x           
HA evaluation                   x x           
PP Chapter 4 draft                 x x x x         
PP Ch 4 report review and processing                         x x x   
Final PP report publication                               x 
Quarterly progress reports to NSE x x x x x x x x x x x x x x x x 
Annual progress update to 
stakeholders x       x       x       x     x 



       Questions 
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