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HuMBOLDT RIVER REGION WATER RESOURCES UPDATE -
OUTLINE

* Intro and other NDWR updates (Adam Sullivan, State Engineer)

 Water supply update and forecast (Levi Kryder, Chief of Hydrology, NDWR)

e Capture 101 and Capture Study overview (Kip Allander, Hydrogeologist, NDWR)
 Model results and Tools (USGS and DRI)

— Regionwide ET Analysis (Justin Huntington, Research Professor, DRI)
— Upper Basin Model (Rosemary Carroll, Assoc. Research Professor, DRI)
— Middle Basin Model (Kyle Davis & William Eldridge, Hydrologists, USGS)

— Lower Basin Model (Cara Nadler, Hydrologist, USGS; Susan Rybarski, Asst. Research
Scientist, DRI)

* Break (10 mins)

e Order 1329 overview (Jon Benedict, Hydrogeologist, NDWR)

* Moving forward with Conjunctive Management Framework (Adam Sullivan, SE)
c Q&A
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INTRO AND OTHER NDWR
UPDATES

NDWR




THE “WATERMASTER”’ IS RETIRING

The Watermaster: Commissioner watches over the Humboldt River
Flooding allows 2 m ' . . .
- Tl Steve Del Soldato is retiring March 29t

everyone to get
the precious
water they need

By Forrest Newton
The Humboldt Sun

Winnemucca District water
commissioner 1992 — 2022

WINNEMUCCA — All that L
water running down the Hum- | 1
boldt River is not available o | L ik
just anybody that wants itand [ |
has not been since 1939, :
because it already belongs to |
somebody. ‘

“Basically there isn't any
other water for appropriation,”
Humboldt Water Distribution
District Water Commissioner
Steve Del Soldato said.

From Battle Mountain to
Rye Patch Reservoir, he watch-
es over the flow of water and
who are allocated the water
get it — if it is avail-

Colton Brunson will be filling his waders

" FORREST NEWTON = The Humboldt Sun
 District Water CommIsSioner Steve Del Soldato holds a top
ttached current mete’ used to measure depth and velocity of




IMPROVEMENTS IN GROUNDWATER PUMPING DATA
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2022: REPAIRS AT SOUTH FORK DAM




PUBLIC NOTICE OF RECENT WELL DRILLING SCAMS

Property owners are encouraged to take
these steps to ensure they are working with a

[ [
licensed driller: g , e
= ENEws NEWS WATCH  WEATHER  SPORTS  FEATURES @53“ Q 2

e Checkthe NDWR website to make sure the
well driller has an active license ,';'5;’:,‘,’3;{1,‘;‘:,‘{33,‘i’ﬁi",‘,'gtfc’a',‘f?“"es‘"a"‘s Neyadans of

e Contact NDWR to confirm the well driller
has submitted notification and received
approval to drill




WATER SUPPLY UPDATE AND
FORECAST

NDWR




January 26, 2021 March 3, 2022

- - - - U.S. Drought Monitor - - - - - - - - - - - - S-S S-S S S SS TS S ST S TS TS s
Nevada

Map released: Thurs. March 3, 2022

Intensity

None
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Authors

United States and Puerto Rico Author(s):
Brad Rippey, U.S. Department of Agriculture

Pacific Islands and Virgin Islands Author(s):
Ahira Sanchez-Lugo, NOAA/NCEI

The Drought Monitor focuses on broad-scale conditions.
https://droughtmonitor.unl.edu/CurrentMap/StateDroughtMonitor.aspx?NV 9
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Last year

This year

Feb 02, 2021
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SNOW WATER EQUIVALENT IN
UPPER HUMBOLDT
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March 7, 2022
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Snow: Water equivalent
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IRRIGATION SEASON FLOW AT PALISADE

600,000
500,000
400,000

50,000 acre-feet less median 300,000

flow during 1991 — 2020 period

than during 1981 —-2010
period.

200,000 : Vil

100,000
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END OF FEB 2022: NRCS RESERVOIR

STORAGE COMPARISON

Rye Patch Reservoir

Current Last Year
KAF % of Capacity KAF % of Capacity
9.2 5 65 33
Lahontan Reservoir
Current Last Year
KAF % of Capacity KAF % of Capacity
106.8 34 108.3 35

15




CUMULATIVE ZERO FLOW DAYS AT IMLAY GAGE SINCE 1945
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CUMULATIVE ZERO FLOW DAYS AT IMLAY GAGE SINCE 1945

Humboldt River at Imlay is
increasingly intermittent
during drought periods.
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ANALOGOUS DROUGHT COMPARISON
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Baseflow at Imlay during drought
periods is disappearing.
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Seasonal Temperature Outlook &%

Valid: Mar-Apr-May 2022
Issued: February 17, 2022
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Seasonal Precipitation Outlook

Valid: Mar-Apr-May 2022
Issued: February 17, 2022

@

Probability (Percent Chance)

S Above Normal Below Normal .
Leaning / [ 33-40% 33-40% [ | Leaning
: < ] 40-50% Equal 40-50% Below
qua
BN 50-60% Ghances 90-60% NN
. B 60-70% 60-70% .

s, : S - Likely

. B 70-80% 70-80% [ Below
- o B 80-90% 80-90%
N e i B 20-100% 90-100% [

H - = o e - (] - (]
https://gbdash.dri.edufforecasts.php =~ " 20




RESOURCES

National Weather Service

https://www.weather.gov

NRCS

https://www.nrcs.usda.gov/wps/portal/wcc/home/snowClimateMonitoring

Great Basin Weather and Climate Dashboard
https://gbdash.dri.edu

USGS National Water Dashboard
https://dashboard.waterdata.usgs.gov/app/nwd/?region=lower48&aoi=default

21



https://www.weather.gov/
https://www.nrcs.usda.gov/wps/portal/wcc/home/snowClimateMonitoring
https://gbdash.dri.edu/
https://dashboard.waterdata.usgs.gov/app/nwd/?region=lower48&aoi=default

CAPTURE 101 AND STUDY
OVERVIEW

NDWR

22




WHAT IS STREAM CAPTURE?
CAPTURE 101
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WATER MANAGEMENT PERSPECTIVE

Capture curves conceptualized
through water management
perspective.

:I— Conflict?

Percent of Pumpage

24




CAPTURE STUDY COMPONENTS

40°30' [~

= Humboldt River
D Hydrographic Basin Boundaries
Median Annual ETg (ft/yr)

39°30

LI |
0 510 i) 30 49 Miles

0 10 2 40 60 80 Kilomaters

— * Model results are provisional and subject to change* L




REGION WIDE ET ANALYSIS

DRI




Groundwater Discharge via Evapotranspiration

T iy
et e

< B P =
- ¥ - -
- BT

Paradise Valley, NV

|y DRI Justin Huntington, Research Professor, Hydrology

Desert Research Institute



Groundwater Discharge via Evapotranspiration

Objective

* Delineate areas where
phreatophytes discharge
groundwater through the process
of evapotranspiration

* Use best available science to
estimate the rates of groundwater
evapotranspiration (ETg) from
phreatophyte vegetation

 Summarize and compare to
previous studies, and provide
results to USGS and DRI
groundwater modeling groups to
use for calibration of groundwater
models

Figure 41. in western Utah,
ground water can flow through basin fill
to local discharge areas or through permeable
bedrock to other valleys and distal discharge areas.

EXPLANATION

Areas of ground-wat

- Phreatophytes—Plants with a tap root
extending to the water table

Playa that receives ground-water discharge

i Direction of gi

— Fault—Arrows indicate relative vertical
movement

USGS HA730C — Groundwater Atlas of U.S.



Satellite and Climate Data

1980s-current

-1980s

1960s




Geospatial Data Approach

* Previous phreatthyte
boundaries, aerial imagery,
Landsat imagery, digita
elevation models, soils data,
wells and water levels, field
surveys of phreatophytes

* Landsat satellite imagery to
compute vegetation indices

* 1985-2015, summer
period

e gridMET weather data for
estimating precipitation and
evaporative demand

e Solar radiation,
temperature, humidity,
and wind speed

Nevada Landsat Scenes

Other Landsat Scenes

Landsat MODIS D Nevada Hydrographic Areas

85 170 340 Kilomete




True Color NAIP Imagery Vegetation Index (30m)



Groundwater Discharge Boundaries

Non-phreatophyte Phreatophyte




Groundwater Discharge Boundaries

‘\...‘\; o T W

© | ] mathie etal. (2011)
[] Hydrographic Area Boundary

|| DRI Groundwater Dicharge Boundary
[] Everett and Rush (1966)

D Berger (2000)

[ Harrill (1988)

Carico Lake Valley

[ Bare soil
_ Meadow

- Riparian

Groundwater Discharge Areas

[ | Phreatophyte

[ Hydrographic Basin Boundaries |

Crescent and Pine Valley Areas



Landsat and Climate ->

Moreo et al (2007)

ET~

ETg Rates

ET — PPT

~ ETo — PPT

1.4
st Beamer et al. (2013)
12 -—e=S0%Pr L SeweeomRe
e 90% CI ”,": ................ K
1.0 —’_ —————————
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wm
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/ A Walker River (Allander et al., 2009)
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Rate of ETg (ft/yr) = (ETo — PPT) * ET"



Groundwater ET Distribution

Groundwater ET (ft/yr)

e

Kelley Creek Area, Clovers Area, and Pumpernickel Valley



Evapotranspiration Discharge

Potential areas of GW discharge Groundwater ET Groundwater ET

Groundwater ET (ac/ft)
e 3.7 I 0 - 3,000

Groundwater ET (ft/yr)

[ 3,000 - 9,000
N 0 19,000 - 20,000

[11 20,000 - 35,000

I 35,000 - 65,000




Comparison to Previous Studies

Huntington Valley (47)
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ETg Volume (ac-ft/yr)

Comparison to Previous Studies

Pumpernickel Valley (65)
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Figure 7c. Spanal distribution of ET Units and 1985-2015 medlan annual ETg rates for
select HAs in the middle Humboldt River Basin.

50,000

40,000

30,000

20,000

ETg Volume (ac-ft/yr)

10,000

iRaradise Valley,

- men areas

12 Miles




@ driedu/ /humboldt-etg/ aQ &

Home Partner With Us  Faculty & Staff Directory Careers Press Room Contact

= DRI Who We Are + What We Do ~ News & Events +  Our Impact [JrleliF:\13 =

Report and Data Access

Groundwater Discharge from Phreatophyte Vegetation,

Humboldt River Basin, Nevada

=\

Desert Research Institute Project Description CONTACT
Groundwater evapotranspiration (ETg) from phreatophyte vegetation is the primary component Justin Huntington, PhD
of natural groundwater discharge within the Humboldt River Basin. This report summarizes Justin.Huntington@dri.edu

previous study estimates of ETg, and details methods and results of updated groundwater LOCATION

. discharge areas, ETg rates, and ETg volume estimates developed in this study. Estimates derived
Gl‘oun dWlltel' DlSCh(ll’ge ﬂom Phl‘e(ltophyte in this study are summarized for the period of 1985-2015 and were based on a consistent place- Desert Rﬂseﬁ_rCh Institute
based approach that relies on Geographic Information System and groundwater level data and a 2215 Raggio Parkway

Ve g (4 t at io n y H um bo I dt R i ver B as i n y N e vada least-squares regression model that relates Landsat vegetation indices with evaporative demand, Reno, NV 89512

precipitation, and in-situ estimates of phreatophyte ET. Median annual ETg rates and volumes

. N - M Le o DIVISION
reported in this study are representative of pre-development conditions. Where irrigated areas o
were identified, ETg rates were adjusted to reflect the phreatophyte vegetation that likely Hydrologic Sciences
occupied irrigated areas prior to cultivation. Results from this study were used to inform
groundwater modeling studies by the U.S. Geological Survey and the Desert Research Institute,
in cooperation with Nevada Division of Water Resources, to support conjunctive water
management.

Results and datasets are summarized and documented in the form of maps, graphs, tables,
geodatabases, and metadata following Federal Geographic Data Committee standards and are
available at www.dri.edwhumboldt-etg. Estimated pre-development total annual ETg volumes
for the upper, middle, and lower Humboldt River basin are 158,500, 361,600, 55,900 ac-ft/yr, and
85,700, 248,400, and 46,100 ac-ft/yr when riparian lands are excluded, respectively. Discharge
areas and median annual ETg rates and volumes were compared to previous estimates for
respective ET Units and Hydrographic Areas. Results reported for the upper Humboldt River
Basin indicate that potential areas of groundwater discharge are generally lower, and ETg rates
and volumes are generally less than one half of the ETg rates and volumes reported by Plume
and Smith (2013). Results reported for the middle Humboldt River Basin indicate that ETg
volumes are higher in six, and lower in seven HAs when compared to previous estimates
reported in Water Resource Bulletin and Reconnaissance Series reports. ETg rates and volumes
in the middle Humboldt River Basin are also generally less than one half when compared to
those reported by Berger (2000). Differences in ETg volumes are primarily due to differences in
ETg rates and differences in groundwater discharge areas.

Justin Huntington
Matthew Bromley
Blake Minor
Charles Morton
Guy Smith

February 2022

Publication No. 41288

This study used place-based satellite remote sensing, climate and GIS datasets, groundwater
levels, and in-situ based phreatophyte ET empirical regression models to estimate potential
areas of groundwater discharge, and ETg rates and volumes within the Humboldt River Basin.
Future study estimates of ETg within the Humboldt River Basin could be improved by refining
delineation of groundwater discharge areas, variability in ETg with respect to climate and land
use change, and collection of in-situ ET estimates in areas where large uncertainty exists.

Report - Groundwater Discharge from Phreatophyte Vegetation, Humboldt River Basin, Nevada

Appendix A - Previously Reported Groundwater Discharge Areas, ETg Rates, ETg Volumes, and
Study Source Information

Prepared by
L . . ) Appendix B - Meteorological Station Mean Annual Ratios of Station Calculated ASCE Grass
Division of Hydrologic Sciences, Desert Research Institute Reference ET (ETo) to Estimated Gridmet ETo
Appendix C - Percent Change in Median ETg for Select Basins
Prepared for Appendix D - Groundwater Discharge Areas and Median ETa Volumes for Each ET Unit and HA

NAev_a(-ia Department of Conservation and Natural Resources, Appendix E Part 1 - Annual time series of median EVI, ET, ETg, ETo, and PPT rates from 1985-
Division of Water Resources 2015 for all groundwater discharge areas inclusive of riparian discharge areas

Appendix E Part 2 - Annual time series of median EVI, ET, ETg, ETo, and PPT rates from 1985-
2015 for groundwater discharge areas excluding riparian discharge areas

Appendix F - Bar Charts Illustrating Estimated Discharge Areas, ETg Rates, and ETg Volumes

GIS Data - Potential areas of groundwater discharge

htt ps . / / WWW. d ri . e d u / h u m bo I dt—etg GIS Data — Geotiff raster of median annual groundwater evapotranspiration

GIS Data - Groundwater discharge areas digitized from NDWR Water Resource Bulletin and
Reconnaissance Series reports
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Appendix D. Groundwater discharge areas and median ETg volumes for each ET Unit and HA.

Phreatophyte Riparian Meadow Irrigated Cropland Bare Soil Total Total w/o Riparian
Hydrographic Area Area |ETg Volume | Area |ETg Volume| Area |ETg Volume | Area | ETg Volume | Area | ETg Volume Area ETg Volume Area ETg Volume

Hydrographic Area Number Basin (acres) (ac-ft/yr) (acres) (ac-ft/yr) (acres) (ac-ft/yr) |(acres)| (ac-ft/yr) |(acres)| (ac-ft/yr) (acres) (ac-ft/yr) (acres) (ac-ft/yr)
Antelope Valley 57 Middle 6,533 1,499 - - - - 2,285 703 - 8.818 2,202 8.818 2,202
Boulder Flat 61 Middle 63,914 28.698 31,352 30,195 - - 1,541 793 72 4 96,878 59.690 65,526 29,495
Buffalo Valley 131 Middle 35,557 5,460 - - - - - - 10,106 506 45,662 5,965 45,662 5,965
Carico Lake Valley 55 Middle 10,020 2,665 - - 229 153 306 181 771 39 11,326 3,038 11,326 3,038
Clovers Area 64 Middle 107,969 28.959 15,640 17,863 - - 536 225 409 20 124,554 47,067 108,914 29.205
Crescent Valley 54 Middle 54,774 13,820 1.164 775 - - 782 995 3,826 191 60,546 15,782 59,382 15,007
Dixie Creek-Tenmile Creek Area 48 Upper 5,423 3,652 2,153 1,620 4,176 2.803 - - - - 11,751 8.075 9.599 6.455
Elko Segment 49 Upper 790 440 11,069 13,297 164 117 1,129 1,503 - - 13,151 15,356 2,082 2,059
Grass Valley (138) 138 Middle 45,275 14,238 - - 857 522 754 464 23,055 1,154 69,941 16,377 69,941 16,377
Grass Valley (71) 71 Middle 31,648 10,413 - - - - 6,435 3,136 - - 38,083 13,549 38,083 13,549
Hardscrabble Area 68 Middle - - 532 341 - - - - - - 532 341 0 0
Huntington Valley 47 Upper 16,751 9,584 3,705 3,385 11,724 5.802 256 241 - - 32,436 19,011 28,731 15,626
Imlay Area 72 Lower 27,263 3,420 6,554 6,646 - - - - - - 33,817 10,066 27,263 3,420
Kelley Creek Area 66 Middle 38,841 9,694 3,381 4,286 - - 2,486 905 38 2 44,745 14,887 41,364 10,600
Lamoille Valley 45 Upper 8.368 7,670 2,941 3,718 14,255 9,689 884 923 - - 26,448 22,000 23,507 18,282
Little Humboldt Valley 67 Middle 8.895 7,166 1,910 1,251 1 1 - - - - 10,806 8.418 8.896 7.167
Lovelock Valley 73 Lower 54,250 13,616 3,062 3,122 - - 45,524 27.614 11,745 588 114,581 44,940 111,519 41,818
Lovelock Valley (Oreana Subarea 73A Lower 3,221 854 74 38 - - - - - - 3,294 891 3,221 854
Lower Reese River Valley 59 Middle 85,284 17,313 7,071 5,732 - - 2,893 1,478 3 0 95,251 24,523 88,180 18,791
Maggie Creek Area 51 Middle 1,735 903 6,316 5,644 - - 301 316 - - 8.352 6,862 2,036 1,219
Marys Creek Area 52 Middle - - 1,280 1.445 85 69 - - - - 1.365 1,515 85 69
Marys River Area 42 Upper 13,897 7.001 22,833 23,357 6,369 4,956 4,584 1.813 - - 47,684 37.126 24,851 13,769
Middle Reese River Valley 58 Middle 10,930 2514 - - - - 434 188 4 0 11,368 2,702 11,368 2.702
North Fork Area 44 Upper 15,288 6,401 8.838 7.887 12,153 7.171 2,154 1,918 - - 38,433 23,378 29,595 15,490
Paradise Valley 69 Middle 43,114 12,126 744 608 39,685 12.404 13,004 4,530 - - 96,547 29,668 95.803 29.060
Pine Valley 53 Middle 25,581 13,201 1,436 1,166 3,186 1,700 2,072 1,947 - - 32,274 18,015 30,838 16,849
Pumpernickel Valley 65 Middle 29,835 7,006 14,375 17,028 - - 1,170 480 14 1 45,394 24,514 31,019 7.487
Rock Creek Valley 62 Middle 9,006 2,978 - - - - 98 64 - - 9,104 3,042 9,104 3,042
South Fork Area 46 Upper 520 472 3,600 4,561 5,579 3,703 - - - - 9,698 8,736 6,098 4,175
Starr Valley Area 43 Upper 4,820 3,280 11,889 14,935 11,965 6,231 684 362 - - 29,358 24,808 17.468 9,873
Susie Creek Area 50 Middle 7 6 2,574 1,756 39 17 - - - - 2,620 1,778 46 23
Upper Reese River Valley 56 Middle 41,595 25,846 - - 50 72 1,337 961 - - 42,982 26.879 42,982 26.879
Whirlwind Valley 60 Middle 6.874 2,347 4,084 4,308 - - - - - - 10,958 6,655 6.874 2,347
Willow Creek Valley 63 Middle 6,944 3,653 - - 3,584 2,186 - - - - 10,528 5.839 10,528 5.839
Winnemucca Segment 70 Middle 1,684 749 19,351 20,821 848 310 480 399 - - 22,362 22,279 3,011 1,457
Totals 816,604 267,641 187,925 195,784 114,946 57,907 92,127 52,138 50,042 2,504 1,261,643 575,974 1,073,718 380,189

Appendix D 1s the result of

1 computing the spatial average ETg rate for each ET Unit for each year as a table of values
2 reading the table of spatial average ETg rates for each year, and computing the temporal median for each ET Unit
3 multiplymg the temporal median ETg rate by respective ET Unit areas to produce volumes
4 summing the median ETg volumes across all ET Units, and all ET Units less riparian.




Summary

The purpose of this study was to develop and summarize new

groundwater discharge areas, ETg rates, and ETg volumes within the
Humboldt River Basin using best available science.

The approaches applied in this study to estimate ETg were based on
state-of-the-art satellite remote sensing, climate modeling, GIS datasets,
groundwater levels, and in-situ ET estimates from phreatophyte
vegetation in the Great Basin

* Delineated and revised potential areas of groundwater discharge

* Estimated ETg rates from phreatophyte vegetation using a
measurement-based regression model

Summarize ETg rates and volumes by land cover type (e.g. phreatophyte,
riparian, meadow) and compared to previous studies

Provided results to USGS and DRI groundwater modeling teams for
integration into models

Produced a technical report and GIS data that are publicly available -
https://www.dri.edu/humboldt-etg
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River Capture Maps

Year 1

* River capture to satisfy hypothetical pumping is very low &
limited to locations immediately adjacent to a river.
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River Capture Maps R

Year 1

* River capture to satisfy hypothetical pumping is very low &
limited to locations immediately adjacent to a river.

Year 10 sroon iy
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» Capture increases, expands away from the river and
spatial variability along river reaches emerges.
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River Capture Maps

Year 1

* River capture to satisfy hypothetical pumping is very low &
limited to locations immediately adjacent to a river.

Year 10

» Capture increases, expands away from the river and
spatial variability along river reaches emerges.

Year 50

e Capture continues to increase and expand away from the
river corridors

e Capture in dense stream networks merge.
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50-year Capture Maps

116°0'0"W 115°0'0"W
! !
Rl

Motidans 2

41°0'0"N+ %

40°0'0"N+

Stream
(RIV Package)

Capture
% of Pumping

~,~ | |lessthan10
10to 20
20to 30
30to 40
40 to 50
50to 60

I s0to 70
B 7oto 80
I 50 t0 %0
I <0 to 100

S
Esri, HEREAGarriin, (c) OpenStreetMap
contributors¥andthe GIS User commuriity,
Copyright;(6) 2014 Esri, Sources: Esri, <
Garmin US}GS NPS

~41°0'0"N

~40°0'0"N

1
116°0'0"W

River

1
115°0'0"W

[ T I T |
40 Miles

41°0'0"N+

40°0'0"N+

Mouidans

ET

116°0'0"W 115°0'0"W
f !
Rl

Stream
(RIV Package)

Capture
% of Pumping

| |lessthan 10
10to 20
20to 30
30to 40
40 to 50
50 to 60

I s0to 70
B 70 to 80
I 500 %0
g I <o to 100

Esri ﬁEREnGarmm‘ (c)‘OpensStreetMap
contributorstandithe GISdser commufiity,
Copyright:(¢) 2014 Esri, Sources: Esri, <
Garmin US’GS‘ NPS

~41°0'0"N

~40°0'0"N

1
116°0'0"W

115°0'0"W

10

I T 1
20 40 Miles

116°0'0"W 115°0'0"W
1 1
Run'’

Motipdams 2

41°0'0"N+ %

40°0'0"N+

019
1vA ¥3A

Stream
(RIV Package)

Capture
% of Pumping

| |lessthan 10
10to 20
20to 30
30to 40
40 to 50
50 to 60

I soto 70
I oto 0
I s0t0 %0

I <o to 100

Esri, HEREAGarrfin, (c) OpenStreetMap
contributorst andjthe GISUser commuiity,
Copyright:(¢) 2014 Esri, Sources: Esri, <
Garmin US,GS NPS 0

-41°0'0"N

~40°0'0"N

1
116°0'0"W

Storage

1
115°0'0"W

10

| T 1
20 40 Miles




116°0'0"W

BUlrRun’ <

41°0'0"N+ Y

40°0'0"N4

Diamond

Valley

-
-
‘f

~41°0'0"N

o
-~
~
~
al

(RIV Package)

Capture
% of Pumping

| |lessthan10
10to 20
20to 30
30to 40
40to 50
50 to 60

I s0to 70
B 7o to 80
I 50 t0 %0
I <0 to 100

N

~40°0'0"N

K\ ~
Esri, HEREﬂGarmm‘ (c)‘OpenStreetMap
contributorst ané;\he GISUser commufity,
Copyright:(¢) 2014 Esri, Sources: Esri, <
Garmin, USES NPS

I
116°0'0"W

River

!
115°0'0"W

10

T T 1
20 40 Miles

=
Stream
‘,—” Depth to Water (feet)
"4" Il ~bove Land surface (<0)
- B otos
B s
B 002
B 030
B s0t040
40to0 50
50 to 100
[ 100 to 150
150 to 300
Dry
T~ I.: AN RLe oA
~~~~~~~~ " EsrimgERE, Garmin, (c) OpenStreetMap (;ontr»butors, and lr:elGIS,user
- i community, Copyright:(c) 2014 Esri, Sources: Esfi; Garmin, USGS, NPS
[ T [ T |
0 125 25 5 Miles
High River Capture (e.g. Independence Mountain Area)
 Alot of water
* shallow/daylightinggroundwater
* Netgainingriver reaches
¢ Very dense stream network
°

High simulated stream bed conductance



50-vear Capture Maps

Stream a
Depth to Water (feet)
td - Above Land Surface (<0) =
oA oA ’
116°00'W 15°00'W L — .
BlRun’ < = ’¢’ - 5to 10
i ,;’ B 020
Mollibam 2 ’¢’ B 0030
¢” B 30040
,/’ 400 50
’
PR 50 to 100
,ﬁ" 100 to 150
150 to 300
[ ]ow
Q & onNn'N"
41°0'0"N+ 4 “3 41°0'0"N
L ;; é
\ m %
» a
S't—ream -
(RIV Package)
4 [ o e e e e e e Esri, HERE JGarmin, (c) OpenStreetMap contributors, and IS|lUser
& Capture e bl community} Copyright:(c) 2014 Esri, Sources: Esri, Garmin, U§&7NPS
% of Pumping !ﬁ
less than 10 T 17 T ]
10to 20 0 05 i 2 Miles
20to 30
30to 40
e rick Springs Rangel 40to 50 . . d I k
Low River Capture (e.g. Mid-Elko Segment)
P soto 70 °
. Groundwater deeper
ureida 80 t0 90 L 40000 . .
40°00"N I oo 40°00'N * Losingriver reach
I <0 to 100
Diamond & v
Esn,HEREoGaran‘ (c) OpenStreetM;p ® S p a rse St re a m n etwo rk
conlr_nbulor%anc_i;!he GISUser commufity,
/aliey h 14 Esri, S " Esri,< H
3 o IS NPS LI * Phreatophytesare more important
T T
116°0'0"W 115°0'0"W .
* Low simulated stream bed conductance
River S TR
0 10 20 40 Miles




Project Status

Report written: August 2021

Reviewed by Co-Authors:
September 2021

Internal & External Review:
October-November 2021

Report Revisions: December 2021

Review by NDWR: anticipate
completion March 2022

Possible Revisions: April 2022
Final Review: May 2022.

<Rl

Desert Research Institute

Evaluation of Stream Capture Related to
Groundwater Pumping, Upper Humboldt River
Basin, Nevada

Rosemary W.H. Carroll
Gregory Pohll
Hai Pham

April 2022

Publication No. 41XXX




R




MIDDLE HUMBOLDT RIVER BASIN
MODEL

"y wr n ne 1"

= Upper basin
| modil USGS
i @7 —DRI
* Middle basin
model
- USGS

* | ower basin
Model
— USGS/DRI

—

gRAEAsAAY

58




=2USGS Middle Humboldt Capture Model

science for a changing world

g 18 17 116¢ 115¢

Paradise ~
Valley

Snowstorm
Mountains |

Vo

Clovers

Middle Humboldt Team: - ol
Kyle Davis, William Eldridge AN e R

A flenge Flat \ gage
/h\ N ey [ 'c;én& \

; .Baﬁlé Argenta 7‘7’6“33115- N / \ ’

‘,B\;:If‘ae‘vo l Mountain NG | \

' 2 % y Crescent . \
\ : Valley { VPallrl‘:v \
| & 38

L] Lov\;zlﬁck & / %
al T

USGS, Nevada Water Science Center B 7" Rl @
40° = B Sink—— & |

Grass W ’

Valley 3 \
\ } 2 |
“ __ NEVADA 4 |
yief W4
7 ’ ' | ‘
| | ¢ | B
A [eno Humboldt | (s}

River bt

Basin

Humboldt Stakeholder Meeting:
March 8/9, 2022 i N £ ¥ o

| 3
Base from The National Map, 2022. 0 20 40 60 80 MILES
Universal Transverse Mercator projection, Zone 11, I T | T T | T |
1d G f 1984 .
World Geodetic System of 198 0 20 0 & 80 KILOMETERS

Shaded-relief image is the intellectual property of Esri and is used herein under license.

*All model results are provisional and subject to change™ | “icmi oo




Humboldt River depletion conceptual model

Mine dewatering to
infiltration basins, e
streams, and irrigation Evapotranspiration

“\ Irrigation
we

—
Irrigation
diversion

|:| Layer 1: Basin fill deposits—playa, valley floor, alluvial slope, fluvial

Layer 5: Upper hard rock—clastic sedimentary, carbonate and mixture,
deposits (thickenss 25 to 50 feet)

intrusive, metamorphic, clastic sandstones (thickness 1,200 feet)

- Layer 2: Clay layer below layer 1 (thickness 10 to 130 feet) Layer 6: Lower hard rock—clastic sedimentary, carbonate and mixture,

o . ) . intrusive, metamorphic, clastic sandstones (thickness variable ~1,800 feet)
|:| Layer 3: Lower basin fill—valley floor, fluvial deposits (thickness up

EX
=E
to 400 feet) \ Groundwater inflow

Layer 4: Older basin fill—Tertiary fine-grain semi-consolidated sediments
(thickness up to 1,000 feet)

Groundwater outflow

60
Surface water flow direction



-118°30'

-118° -116°30' -1167

Model Boundaries
41°30' -
Humboldt River Basin|
; 044
4 063
P Wil Creck
EXPLANATION »

Mine Recharge (RCH) Package Well (WEL) Package ,
p72
Stream . Gumboot Lake * lrrigation (

Drain (DRN) Package

Streamflow Routing (SFR)
Package

B Recharge from mine dewatering

Paradise Valley Irrigation

Point of diversion

Groundwater flux boundary

A Bifurcation

A Diversion

Power generation
Production

Mining

Groundwater inflow

. Groundwater outflow

734

T

39°30° 4

Euraka
| | ] —

Base from The National Map, 2022 0
Universal Transverse Mercator projection, Zone 11, I
World Geodetic System of 1334

Shaded-relief image is the intellectual property of Esri and is used herein under license 0
ight © 2022 Esri and its licensors. All rights reserved.

5 40 20 30 40 50 Miles

U T T TN T T T T TN S N T T T T N T T |
T T T T T

510 20 30 40

50 Kilometers

61



Recharge

-118°30' -118° -117°30' -117° -116°30"

EXPLANATION

Recharge from precipitation,
in feet per year

[ ] o000

41730 |~

Humboldt River Basin

41°

40°30°

P
I MSHW a

20° PERSHING QOUNTY j

[ ] >000-005
B >0.05-0.10
B -o10-050
B -os0-1.00
Bl 025
Bl -0

V.4 CHURCHILLBBUNG®
" He”
¥
b
b" iz
’ =
=
o L
pEs 29
= =%
- =l
=~ =
= z- 1=
7 16 E
39730 [ 43 | 25
Base from The National Map, 2022. 0 5 10
Universal Transverse Mercator projection, Zone 11, = g I
World Geodetic System of 1984 0510

Shaded-relief image is the intellectual property of Esri and is used herein under license.
Copyright 2022 Esri and its licensors. Al rights reserved.

Steady-state distribution

Recharge, in acre-feet

1,200,000
1,000,000
800,000
600,000
400,000
200,000

0

Precipitation infiltration

Water year

o, %oy %o, %o, %o, o
v % v e % %

Recharge, in acre-ft per year

100,000
80,000
60,000
40,000
20,000

0

Non-precipitation recharge

@ Recharge from mine dewatering

E Gumboot Lake

M Irrigation in Paradise Valley

¢ N ¢ ¢ N ¢ < <
‘96} 966 &)\7 &)6 ‘%:, \9&6\ &\7 Qo {7
Water year
62

*All model results are provisional and subject to change*
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Capture Maps — Stream, ETg, and Storage (50-yr)
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Groundwater Pumping and Stream Capture
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System efficiency: percentage of Palisade streamflow

measured at the Imlay gage—observed and simulated
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Humboldt Capture Query Tool — Query page
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Humboldt Capture Query Tool — Results page

& Humboldt Capture Query Tool

Legend

[ studyArea
C] Hydrographic Area
'

i__ .2 Humboldt River Basin

No Data

Step 1: Select Location

Sell

°t a location by either clicking within the
study area on the map, or by entering the

coordinates below.
Latitude (decimal degrees)

40.838561

Longitude (decimal degrees):

-117.170752 Locate

Step 2: Select Depth

The maximum depth in feet for this location is
3997

Depth below surface:

25

Step 3: Select Years
Number of years pumping (1-100)

33 years

ELKO
LANDER

|
|
| Clovers
Area
(064)

mpernickel
ley (065)

FAL(

22 Humboldt Capture Query Tool Results i |

After 33 years of pumping at location 40.838561,-117.170752, at a
depth of 25 feet below land surface, groundwater is derived from

the following sources:

Percentage of Pumping

B Streamflow Depletion
M Salvaged ET

W Storage Change

M Drain Capture

Years of Pumping

St 6T ure e

1 0.8% 99.2% 0.0%
5 0.3% 8.3% 91.3% 0.0%
10 1.4% 19.2% 79.5% 0.0%
20 3.9% 36.2% 59.9% 0.0%
25 4.8% 42.1% 53.1% 0.0%
33 6.0% 49.9% 44.1% 0.0%
50 7.6% 61.4% 31.0% 0.0%
75 9.0% 70.6% 20.4% 0.0%
100 10.0% 75.2% 14.9% 0.0%
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a2 Humboldt Capture Query Tool Results

After 28 years of pumping at location 40.718702, -117.004395, at a . : i

depth of 10 feet below land surface, groundwater is derived from the A e § @ Imagery
Ca th re Qu ery |
M streamflow Depletion
M Salvaged ET
ool — Exporte Y ==
o M Drain Capture

Percentage of Pumping
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Middle Humboldt Product Status

* Report, Capture Query Tool, and Model Data Release in production

* Report to colleague review this month (March 2022)

e Capture Query Tool and Model Data Release after return of report
colleague reviews

e Anticipated availability of products: October 1, 2022
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MODEL
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Lower Humboldt River Basin
Model Update

Susie Rybarski/Cara Nadler
March 8-9, 2022
DRI/USGS

* Model results are provisional and subject to change*
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81



Lakes and River

Humboldt River simulated using River package
(RIV)

Rye Patch Reservoir simulated as a constanthead
boundary (CHD) using mean annual stage

Pitt-Taylor Reservoirs, Toulon Lake, and Humboldt
Lake not simulated as they are frequently dry and
heads are unknown

River conductance calibrated to estimated
steady-stateriver loss of 9,900 acre-feet/year

Simulated loss of 100 AFA determined by model

given calibrationto ET in Imlay area and local
heads
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Recharge

Mountain Block Recharge (AFY)

Reference

Lovelock

Oreana

Imlay

Model Domain

Methodology

Everett and Rush, 1965

1,200

2,000

Maxey-Eakin, 1949

Eakin, 1962

4,000

Maxey-Eakin, 1949

* Mountainblockrecharge estimates from USGS
Recon Reports distributed proportionally over
Hardman map intervals

 Agrecharge rate appliedas median of 1960-1990
regression (127,800 acre-feet per year)

e Simulated mountainblock recharge = 5,700 acre-
feet per year

B
—

EXPLANATION

Recharge {inches per year}

‘ 0.477 ‘

I 0.717 ‘

| 133 |

‘ 1.99 - 3.79

40°4%'

40°30'

40°15'

40°

19° 118°45 118°30' 118°1%' 118°
] HUMBOLDT CQUNTY. Yz s B F
PERSHING COUNTY 707 Grass
Winnemucca Valley
- y ' Segment
72
Imiay Area
o
w
[~
™
3
>
<
ow
=
>
<
>
e
i
™
<
>
wr
4 <
5 e
“w
(=]
=
o
a
2]
wr
=
=
<
o
(]
4
L= PERSHING COUATY i i
CHURCHILL COUNTY A= |
»
74 ;
White CARSON SINK
Plains
Base from The National Map, 2021. 0 5 10 15 20 MILES
Universal Transverse Mercator projection, Zone 11, | | | | |
World Geodetic System of 1984 ! l ‘ l l
0 5 10 15 20 KILOMETERS

Shaded-relief image is the intellectual property of Esri and is used herein under license.

Copyright © 2021 Esri and its licensors. All rights reserved.

84



Drains

* Represents agricultural runoff/recharge
lost to sink; simulated using the
MODFLOW Drain (DRN) package

* Drain bottoms set to 9 ft bls

* Drain outflow estimated to be ~18,000 AFA
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Evapotranspiration

* ET zones applied over DRI polygons, estimated at 126,000 acre-

feet per year (AFA).

nge 118°45'

118730 118718’ g’

[ f

40°45' —

A0°30' f—

40°15' — IS

SRANITE SPRINGS Valiey

- Irrigated cropland

] HUMBOLDT Cfuniy
PERSHING COUNTY

PERSHING COUNTY . e
CHURCHILL COUNTY VA

CARSON SINK

EXPLANATION

Evapotranspiration Zones

Bare soil Phreatophytes - Riparian

3500
3000
2500
2000
1500

1000
500

ET (AFA)

Imlay (072)

Phreatophytes Riparian

®m Target m Simulated

800
700
600
500
400
300
200
100

ET (AFA)

Oreana (073A)

Phreatophytes Riparian

W Target ™ Simulated

120000
100000
80000
60000
40000
20000
0

ET (AFA)

Lovelock (073)

Bare soil Phreatophytes Riparian Irrigated

Cropland

M Target M Simulated

86



Transient Pumping

Domestic wells pumping outside of Lovelock Meadows service area

simulated at 0.7 acre-feet per year.

Public supply wells pumped at rates extrapolated backwards to

1960 based on population.

Mining well pumpage extrapolated earliest known rates backwards

to 1986.

Irrigation well pumpage inversely proportional to the ratio of
estimated ag recharge relative to the mean agricultural recharge

1960-1990.
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Estimated Humboldt River Historical and
Predictive Stream Capture

5,000 g Historical 4 Forecast

EXPLANATION

Pumping —Stream Capture
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* Model results are provisional and subject to change*
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Information Product Status

* Report written: March 2021 * Model archive drafted: March

* Report reviewed by supervisor, 2021
colleagues, and specialist: April- * Model archive reviewed: April
September 2021 2021

* Sent to publisher: December * Second review: Spring 2022
2021 * Anticipated availability: Fall 2022

* Anticipated availability: Fall 2022



COMPOSITE 50-YEAR CAPTURE MAP
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HumBoOLDT RIVER REGION 50-YEAR CAPTURE MAP

"""""""""""" |:|Lessﬂmnlll --"-"-"=-""=-"=-""=-"=-"=-"=-""=-"=-"=-"=--=-"=-°-=-=-°-=-=--°- = - =-- - -=
. I:I '"]tum 11IQ' 118°30 118° 117°30 117 116230 116 11530 115

* Some disconnected reaches LT

e Mountains are masked ETY
* Capture between models has [ wew N e

. 50 to 60
different character = . "_m e

to

— Upper has dense stream network. B 00 %0

— Middle has many | EBE
ephemeral/intermittentstreams. [ %10

. y
= O /] gy = E faf 2
¢ J U & O A g —i
41° % Thp ™ v 2 " S P A s g - N
v i 010 B ¢ - 8 -

— Lower represents finer/tighter

aquifers = N ¥ P Al RS
— ET capturability differences. ol o N
* Boundary effects ol »w ed L2 ‘ Rl e |
— External boundaries ‘reflect’ . LI ., A _
drawdowns
39‘30”— O 1 =y =

e ]
0 10 2 a0 60 80 Kilomaters

J * Model results are provisional and subject to change*



END OF TECHNICAL
PRESENTATIONS
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ORDER 1329 OVERVIEW

NDWR
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ORDER 1329 OVERVIEW

Acknowledges that groundwater pumping is causing stream capture

that results in conflict.

New appropriations or water right changes that would increase
capture from fully appropriated sources aren't being approved.

All applications reviewed and assessed for stream capture.
Capture is permissible if it can be offset by:

e Replacement surface water

* Withdrawn groundwater right with existing capture.

Establishes interim thresholds for capture offset.

Establishes goal of using Capture Studies for future capture
management.

Articulates intent to establish public process to develop capture
management framework.

IN THE OFFICE OF THE STATE ENGINEER
OF THE STATE OF NEVADA

#1329

ORDER

ESTABLISHING INTERIM PROCEDURES FOR MANAGING GROUNDWATER
APPROPRIATIONS TO PREVENT THE INCREASE OF CAPTURE AND CONFLICT
WITH RIGHTS DECREED PURSUANT TO THE HUMBOLDT RIVER
ADJUDICATION
I
OVERVIEW

WHEREAS, it is well established that the source of water to a pumping well originates
from three primary sources; first from groundwater storage, then increasing over time from capture
of streamflow (where present in a hydrographic system) and evapotranspiration."? The terms
“stream capture” or simply “capture,” as used in this Order, refer to a reduction in streamflow
caused by groundwater pumping. Decades of groundwater pumping in the Humboldt River Region

(Region) has led to increasing capture of the Humboldt River and its tributaries, resulting in

growing conflict with rights of the Humboldt Decree.
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ORDER 1329 DOES NOT:

Predetermine the final capture management framework.

Apply to domestic well use or minor stock water use (<5 afy of capture in 50 yrs).
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Provisional estimated Historical Capture for middle Humboldt River Basin*




TECHNICAL ASPECTS

Replacement by SW Right

50-YEAR ANNUAL CAPTURE AMOUNT VS.

Objective. o REPLACEMENT WATER AMOUNT
Utilize existing SW or GW right to avoid 0
increasing capture that would
otherwise cause conflict B0 ||}

§ 20

10
Interim Thresholds: ’ 0 5 10 15 20 25 30 35 40 45 50
YEARS OF PUMPING . R
GW Right Withdrawal
° Evaluation Threshold 50-YEAR CAPTURE AMOUNT VS. RECOVERED AMOUNT
s FROM WITHDRAWAL
>10% capture after 50 years 16

14

12

* Long-termThreshold (50-yr Rule)

ACRE-FEET PER YEAR

o N B O 0

* Annual Threshold (80% Rule)

e Net Stream Capture
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10 15 20 25 30 35 40 45 50
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DETERMINATION OF SURFACE WATER AVAILABILITY FOR

'WET WATER FACTORS BASED ON 1912- 1965 FLOW PALISADE GAGE
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WHAT AFFECTS WET WATER DETERMINATION?

1882 PRIORITY EXAMPLE: Upper Rights “wetter” than Lower Rights
PP g g
« Typical Year, 208,000 afs « Shorter Season of Use
« Delivery based on Palisade Flow « Sweet spot of runoff
Upper Humboldt Delivery Lower Humboldt Delivery
# USGS 10322500 HUMBOLDT RV AT PALISADE, NV Season of # USGS 10322500 HUMBOLDT RV AT PALISADE, NV
3000
sa00 75% use shaded 2800 SAO%
2600 A 2600
" es - (e | nme D s
2000 /_A_\ priority 2000 )
1800 Meadow -- 87% 1800 ( 2206 \ -- Meadow

CFS

o Minimum Flow « 1600
to Serve 1882 1400 ﬁﬂ -- Diversified

1600
1400 t e
1200 Diversified- [ |




REPLACEMENT WATER EXAMPLE

89110 (UG) UG Appropriation = 6.20 afa
90379 (Replacement) Replacement Duty = 6.64 afa
1872 Harvest
0 125 25 5 7.5 10
O e s \Viles
50-YEAR ANNUAL CAPTURE AMOUNT V5. sfz‘
) REPLACEMENT WATER AMOUNT 7
EIJ . "/’_aaa
éz /” I
i
N mm Replaced Amount
{ e Net Capture
5 MM

YEARS OF PUMPING

*Supports ~5% Stream Loss

elEartistanGeagrapficSIENES/ABUS BISHUS DA USE SR
SISUSEREommunity
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WITHDRAWAL OF GROUNDWATER EXAMPLE

41509 (Existing Right) Existing =7.75 afa
90466 (Proposed Change) Changed Duty = 3.16 afa
Withdrawn = 4.59 afa
50-YEAR CAPTURE AMOUNT VS. RECOVERED
L AMOUNT FROM WITHDRAWAL
30
[l
<
E 50 I Recovered Amount
E" . \\\ —— Capture
< 10 ~~"""-. i
05
00 L
0 5 10 15 20 25 30 35 40 45 50
YEARS OF PUMPING

o[5yc; EERhE(Er Ceogprephics, CNES/AILUE DS, USDA, USES,
Jecl CommUai~
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EXEMPTIONS

* Applications whose proposed PODs cause
capture at <10% during 50-year period

* Change applications whose proposed PODs
cause same or less capture than existing PODs

e Applications whose proposed PODs cause <5 i
afy capture during 50-year period V|

B | —
 Temporary change applications to provide for
multiple PODs from Mining, Milling, and

Dewatering operations (Centralized POD)
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TAKE HOME MESSAGES

Capture >10%

[ Lessthan10 CETELES
* UG Applications within ~10 miles of fully [ Jwwn
appropriated stream likely be in capture [ [t
zone. L
[ ]#0tws
[ ] s0to60
* Applications for <5 afy are generally I 5000
exempt. I 7000
I 0to 0
* Applications that would otherwise be - oo -
denied, can be approved if capture can be
offset.
~10 miles
* Thresholds and criteria are interim and
subject to capture management framework. o Ly e

e o e e T
0 10 20 40 80 Kilomaters

- Humboldt River Potential Capture after 50 years of pumping* 196
*Provisional Results




MOVING FORWARD WITH CONJUNCTIVE
MANAGEMENT FRAMEWORK

NDWR




WHERE ARE WE GOING FROM HERE?

Develop capture management framework with
Stakeholders for managing existing capture.

rp— e n e Curtailmentin capture threshold areas
500,000 istorica orecas 50,000

Examples of potential future strategies

)
§ i ¥  Offset credit for artificial recharge
‘T 400.000 | Increase in Capture 40.000 &
) ’ it {im. o e ’ 8
] Annual il With No Action o « Enhancedstorage through ASR
(4] . ©
< 300,000 PUMPIng 30,000 S |
< ) * Conservationfunds to purchase water
+ - . . .
ke 200,000 e i M 20,000 é rights with greatest conflict
il \ I
téo il S * Private party agreements to resolve
S 100,000 10,000 & .
- © conflict
3 v
0 0 A . .
. N * Withdrawal/abandonmentof committed
%940 5995050,50 5050 O OO OS O 7 rights
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Provisional estimated Historical and Forecasted Capture for middle Humboldt River Basin* 108



MOVING FORWARD WITH CONJUNCTIVE MANAGEMENT
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= (Contact

Levi Kryder, Chief

Hydrology Section

Phone: 775-684-2866

Email: [kryder(@water.nv.gov

Questions

110



mailto:youremail@xxxx.nv.gov

