APPENDIX A

HYDROGRAPHS AND GROUNDWATER GRADIENTS
(HORIZONTAL AND VERTICAL FOR KEY MONITORING WELLS



Appendix A: Horizontal Gradients
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Appendix A: Vertical Gradients
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Appendix A: Trigger Wells



Owens Lake Groundwater Development Program
Trigger Wells

T920

3810

3790

3770

3750

3730

3710 -
Owens Lake

3690

3670

Groudw ater Elevation (ft)

3650

3630

3610

3590 i T T T T T T T
] Ny 5 ° A \-] :@ :\9

A

i\ ater Surface === Ground Surface

T919

3602

3600

3598

359

3594

3592

3590

Owens Lake

3588

Groudwater Elevation (ft)

3586

3584

3582 ‘ m— N S } ﬁ T - -
190/

3580

%

.
g
& & &
)

o

&

e

N ater Surface s Ground Surface

UPDATED: 10/19/2020 PAGE 10F 7



Owens Lake Groundwater Development Program

Trigger Wells

MW-2

3925

3900
3875
3850
3825
3800
3775 A
3750

3725 o

Groudwater Elevation (ft)

3700
3675

3650

3625 T

Mw-2

Owens Lake

& @

] °
% Y
gk' gﬂ'

= \ater Surface

) $
N >
& &
wR W

===Ground Surface

%

MW-3

3975

3950

3925

w
©
[=]
(=]
'

3875

3850

3825 A

3800 -

Groudwater Elevation (ft)

3775

3750

Mw-3

Owens Lake

3725 T

%

o
&

)

&

o

N ater Surface

3

W

A
&

©

===Ground Surface

UPDATED: 10/19/2020



Owens Lake Groundwater Development Program
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Owens Lake Groundwater Development Program
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Owens Lake Groundwater Development Program
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Owens Lake Groundwater Development Program
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APPENDIX B

Groundwater Access and Use by
Sarcobatus from Published Papers
and Two Monitoring Wells at
Owens Lake

Note:

The following table is designed to be printed on a 11X17 inch pape



Avg

Reference Study Area Period Gro;:muler Avg. ETa (cm)| Precip ave E(‘T:::;;remp Daily Water Table Oscillations Groundwa;:r"_(;‘)l‘;ange G Groundwater Seasonal Change Relctionship to Plant Cover/Health/Stress Rootzone Conclusions
{cm)
Rabirson 1970 Tank expl near Winnemucca, NV |1963-1947 Observed and sed to calculate Sarcobatus franspires 0.18-0.24 m /yr of GW Seasonal GW use up o 24 cm
W seasonal change
Michols 1994 Six Greaf Basin sites in Nevada with | 1985-1992 1.7-6.4 m; one End of season GW depth was |With GW at 1.8 fo 122 m depth and equivalent plant Greater coverincreased GW wee Rooting depths consfrained by GW butup foa Seasonal GW use during summer depends on depth fo GW
5% Sarcobatys vegetafion (plus 1 site had GW measured and ranged from  |density of 0.25 esfimated GW use for 100 d period from rmadmum of 18 m and plant density. Up o 30.8 cm use reported for 100 day
site with sagebnush/rabbitonsh); depthof 5.8 m 1.7-6.4m late June-early Septwas 30.8 fo 2.4 cm, respectively. perod with GW at 1.3 m depih.
1192-1845 m elev but perched
safurated zone
at27m
Devitf etal. 2011 |3nake Valley, Spring Valley, White |2005-2007 122-24.4m 14.% (growing 2.1 10.7 (does not 3 crn daily insorme growing season  |4.64-9.31 average depih Decline during growing season from late May-early "ET rates in 2007 were highly correlated with the Despite variafion in GW depih from 4.6-9.3 m acraoss Midday leaf water pofential declined seasonally showing
River Valley, NY; 15641762 m elewv wells; screened [secson) (growing |include vadose  |months and sites acrass sites for 2004-2007 Septernber averaged é cm/mo. AtSnake Valley sites 18 |percentage cover of grecsewond (B2 =0.94), sites all had £ Inlate surnmer related fo Sarcobatus "thatwhatever grounchwater extractionwas occurring, it
range; 13-62% tfotal cover {12-100 3m atfist secson]  |zone stored pernod; net change not cm decline was found from late June-early Sept (2.25 regardless of the depth to groundwater” Cornparing |cover. This, plus observatiors of daily oscillafiors and  Jwas not adequate fo offsetstress during the later periods of
% Sarcobats ; ather species encountered water frorm nor- reporfed) mo; Fig 4) a high precip (2005) versws low precip (2007) year at  [Sarcobatus stress levels, suggests that this species wos  |surmmer” BT was highly correlated 1o Sarcobatus cover,
included rabbitorush, sagebnush, Gy growing secson the Spring Valley site showed similar end of season effec five atrooting fo capilary finge at all sites, up fo  |regardiess of depth fo GW. Secsonal variafion of up o 30
shadscale, saltgross); Note that precip] stress levels of ~-4.4 MPain August but much lower |9.3 moormore (see Devitt and Bird 2014 for data fo cm possible duing growing secson GW decline (6 crn/mo
one imgated posture (SYZb] is nat siress in the wetyear in May (Fig 5). Differencesin GW [10.75 m). x5mo) or 1& cmin2.25 mo.
included in this surmmacry depth among sites did notshow up as large
differences in siress levels
Devitt and Bird, |3nake Valley NV; 1544 m elev; 13%|2007-2013 122 mowell; 2234 (annual |14.57 7.77; greater GW |Observed 3ept2007 (7 days) and $.2-10.7 mdepih (1.5m Average decline was 22.2 cr/yr over 6.2 yr period "Observafions of plant cover/health indicated no "Rootfzone for grecsewood af oursite exfended fo at "Our resuls indicate that a decline in the groundwater lewvel
2016 cover (100% Sarcobatis) screen 6.2-12.2  |fotal; eddy cof(annual]  |extractionin low |OctMNov 2013 (32 days); range 1-5  |decline based on Fig. 1, but negative changes during the late summer periods of  [leasta depth of 10-75m. All of our findings, including of 130 cm over 6.2 years did not exceed the ability of
m warnance) precip years cm/day; daily oscillatiors ceased  |1.3 mbased on fext 20072012" despite a 1.3 m decline In GW the grounchwater osclllatiors, deep unsaturated zone  |greasewood roat systerns fo adjust and thata depth of
(range of (with leaf senescence ineady Nov  |sfaternents); decline due fo extrac fion and shifs in soil water in sforaoge based on 10-7 m did not represent a physiol ogical mcximum for
seasonal ET 2013; observafion of cscillafiors GW punmping for alfalfa precipifafon support a very flexible and dynamic rooting depth at oursite”
provided by GW Jdepended an texture I.e. sandlier irrgction 2.34 knn avcry; utilization of multiple water sources by grecsewo od.”
ranged frorm 12-  Jaquifer with higher specific yield Frecip actually increcsed
55%) prevented observafion of during this period
oscillafions for 2225 days between
2007 and 2013, Oscillations re-
appeared when GW surface
crossed a fextural boundary infa less
sandy aquifer with lower specific
yield.
Wagner efal. Sping Valley, NV; 1756 m elev; mid-June- 5.5-6.0mbelow |22.63 (Apil-  |8.92 (April{13.71 (April-Sepd] 0.5 m decline from mid-June 0.5 m decline from mid-June fo mid-Octpartly due fo lsofope analyses of precip, vadose zone water, To & m for Sarco batus ; othershrubs more resfricted fo  |Sarcobafus decreased GW use inlafe summer and
2018 tofal cover 45% of which 19% was  |mid-Oct; surface from Sepf) Sepf] to mid-Oct partly due to GW |GW pumping for alfalfa imigaton but also due fo GW we |groundwater, and shrub stem water showed that vadose zone abowve high salinify layer at 140-180 e |increcsed uptoke from asaline, vadose zone layer af
Sarcobatus and 71% sagebrush year not mid-June fo midH| pumping for alfalfa imigafion |by plants Sarcobaius shiffed from 30 % GW e in July o2 % in |depth intermediate depih ($0-180 cm). "Greasewood
given Oct butalso due fo GW use by Septsuggesting af his sife that ifwas notacling s a demorsated plasticity in accessing differentwater
plants phreatophyte inlate surnmer; Carwversaly, Sarcobatus sources” over fime.
shiffed from using deep, vadose zone water ($0- 180
cm depth] at38% in July to 27% in Sept. This saline sail
rnoisture could be ed by Sarcobatus because of it
salt folerance butwas not exfrocted by the less salt
folerantsagebrush and rabbitbrush. Leaves of
Sarcobatus had middery water potentfials as low as ~ -
5 MPa by July and remained at this level through end
of September.
Elmore etal. 2002 | Owers Valley 1984-1998 171 monitoring 12 wvariable from none fo more For shrub communities the relafiorship in Fig 7b shows  |Variable armong communities and locators. Bosed on Fig 7k, a decline of 1.1 min GW level from 198&-
wells than-7 m apossible loss of 25.5 % coverwith a7 m decline in 1992 would be needed fo produce a defectible change in
GW level from 1986-1992 duing an extended live caver (given the eror reparted of +/~ 3.8 Z). $maller
precipifafion drought period changes in GW level (over mulfiple years) are unlikely to
cause any detectible change in cover of GW dependent
shrub communities.
Steinwand efal.  |Owere Valley; sifes used for this 2000-2003 Access Tubes Growing 10-15| For shnub Yes, but not reported for 0SS 3.9-4.1 m forscnub sites with  |Seasonal decline from spring 1o fall; in low cover scrub Fig. 7 shows GW use (annual ET - precip) increasing GW use per unif spring nnaxinnum LAl varied 10 fold Growing season daily fluctuations could be anindicator of
2006 surmrary are shrub dorminated iIrstalled in sedson (24 dorninated sites  Jcornmunifies connection to GW; Similar communifies up fo 20 ch seasonal change was from 50 - 840 mm as cover increcsed from 10 -70% frorm ~40 fo 400 mm as GW dept vared from > 5 fo GW use (butsee Devittand Bird 2016 wha suggest this is
sites, especiclly desert shrub sink spring and Mar-15 Oct GW supply fo sping GW depth atthe observed and decreasing frorn 840 - 50 mmnm as depth fo water | 1.3 m across sites, respectvely (Fig &) influenced by aquifer texture and specific yield). Esfirmates
(D35 cornmunities dominafted by nearny ET for DSS sites growing season begnning of each year increased from 0 -5 m. of annual ET minus precipitafion {l.e. GW use), as shown "in
Sarcobats and rabbitonish or plezometers for [were 108 and ET wecs 21-33% ar Fig. 7 could substitute for poarly defined or arbifrary
saltbush dorminated comrmunifies) determination of {205 rim for 11-51 mrn; For 4 functiors in models for regiors dorminated by these plant
fluctuations 2002 and shrub dominated cornmunities.
2003 (we ther comrnunifies
preceding growing secson
winter], GW use per unit
respec fively spring rnaxirnurm
LAl ranged frorm
40-140 rom
Trentetal. 1997 |Eagle Valley, NY. 1234 m elev 1991-1992 Eight3-m- deep, 11.5¢cm Notdetermined (monthly 1991 May -Oct GW declined 0.8 m decline during fist season; Allenmoifea and Sarcobatfus maintain similar leaf Most roots in30-40 cm deep soils but some to 150 cm. |"Years of high soil moisture result inlow water wse
perforated (1991 observafiors only) frorn 1.7-2.5 m; By 1992 Jun xylern potentals from o low-precipitafion vearwitha  |GW EC ranged from 18-25 dS /i, well within folerance  |efficiencies [for both shrub species]. In contrast to this,
access fubes =14.6 cm GWwas >3m water fable depth remaining above 3 m fo a dry year |of both shrob species. plart have the ability fo reduce leaf conductance and
were monitored and 1992 when the water fable drops below 3 m. increase water-use efficiencies in low-precipitation years.
ronthly =%.46cm) This cllows the plants to maintain predawn and affemoon
warter potentials, which wary litfle frorn high- 1o low
precipitafion years in these saline environments.
Toft 1995 Mono Lake, CA; 1986 m elev.; 1983-19%92 Clover testhole 16.0cm Notdetemined (monthly orless 19863-1985 declined ~ 1 my; 1983-1985 with GW decline of 1 mresulted inno Rooting depth up fo 6 m, esfimated. "Thus, the larger the shrub, the less the ek it had of dying

Chrysothamnus nQUseosys ssp.
consimills was monitored in an
arec co-dominated with
Sarcobatus ; Sarcobatus not
censused becawse of difficulty in
determining genefic individuals.

2 [LADWF well
55) and the
Dreiss fest hole
5A and Mono
Lake elevation

frequent observatiors only)

1984-1992 during mcjor
drought period GW declined
another 1.41.7 m (Ag3 D &
El

mortality and no decrease in canopy size; 1984-1992
with further GW decline some mortality and reduced
growth began in 1987 but recched maxirnum only
after several years of GW decline (Fig3 A & B).
Srncller shrubs and shrubs growing higher on dunes
(farther fromn GW lewvel) had greater risk of recluced
growidh or mortality.

durng the study. To alesser degree, the higher the
elevatfion (i.e., the farther from ground water) the greater
the risk of dying, although this effectwas much weaker
than that of size and only marginally significant” "The years
of drought (1987-19%0] were characterized by higher
rnortality of incividuals in this population and by no known
replacement of those individual." Growth reduction and
rnortality was notinfiated until more than 1 m of GW
drawdown owver multiple years.
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Reference Study Area Period Grc;gmuler Avg. ETa {cm)| Precip AV Iili;;’reclp Daily Water Table Oscillations Groundwa;earnil;ange exEn Groundwater Seasonal Change Relctionship to Plant Cover/He alth/Stress Rootzone Conclusions
{cm)

Toffand Fragier  |Mono Lake, CA; 1966 m elewv.; 1983-2001 Clower fest hole 16.0cm MNotdefemnined (monthly or less 1984 3.7 m depth af marfality and growth decline occumed through the Roofing depth up fo é m, estmated. "The minimum size of shrub able fo access deep soil

2003 Chiysotharmnus nQuseosus ssp. 2 (LADWE well frequent observatiors only) beginning of drought period. drought period, especidly for smaller plants (see Toft moisture relicably was apparenty ~25-30 cm of canopy
consimills was monitored inan 55) and Minirmurm was 5.8 m depthin 1995). Larger plants (>70 crn diameter), however, diameter (Fig. 4), which was also the threshold size of
ared co-dominated with perforated 1992 with recovery fo 4.1 min (were essentially irmmortal’ with no detectable flowering." 3hrubs larger than 70 cm diameter were able fo
Sarcobats; Sarcobatus not access fubes at 1798, mortality and they flowered ewvery year of the 17 year tolerate the 2.1 m variation in GW depth observed during
censused becawse of difficulty in lagoon and study that included a major, mulf-year drought. The this 17 yrstudy. These long established, large adultshrubs
determining genefic individuals. dune sites. canopy size of these plant did decline slightty during adjusted fo a2.1 m decline in GW level during mulf-year

the drought but recovered as GW levels rose after the drought with small declines in canopy size and recovered

drought. (Fig2) to inificl sizes aftervard. They showed no mortality and
flowered every year. This range of variablity in GW lewvel
(Up to 2.1 m) canbe tolerated by these phreatophiyc
dune species with no impact on the plant community
resource.

1931 hydrograph |Owers Lake, CA, near VDAOT; Now 2013- 42 ftdeep well Yes, in 2019 when monitored hourly; |Average GW depth forthe  |$easonal decline from March fo Seplermber was 0.91, Daily fluctuatfions of up fo 0.14 ffobserved. Seasonal
3617 f1(1102.4 ) elev; dense, Aprz01% with perdforation late April 2019 showed daily pefdodwas 12.0% fthelow 0.34, 0.81, 1.38 ftfor 2014, 2015,2016, 2017, respecfively. decline of 0.81-1.80 ft absenved during the growing secson.
high cover shrub vegefafon of frorn 27-57 ft. oscillations of up to 0.14 ft. ground surface. Depih I 2017 the mimimumm spring depth was [ater, in May,

Sarcobatus and several other increcsed from 13.93 ftin rmaking the seasonal decline 1.80 ft frarm May to
species in vicinify of the well. Dec 2013 to the maxirnum Sepfember.

depthof 14.17 ftnear the

end of the drought period in

Sept2017 with recovery fo a

mininun of 11.76 fHin early

April 2019,

Keeler Landfill Owers Lake, CTA, near VDADS,; Mar 1999- 25 ffdeep well Notdefemnined (spring and fall Average GW depth forthe  |Seasonal decline was observed from spring (generally Seasonal decline of 0.11-2.10 ft observed durng the

manitoring 3604 ft (1099.1 m) elev; dense, Now 2017 with perforation observations only) periodwas &.14 ft below Mar-bay) unftil fall (SeptNov) in all 18 years, although growing season (18 of 18 years of record).

Piezorme fer high cower shrub vegefafion of frorn 20-25 ff. ground surface. Lowest the datfes of monitoring were not comple fely consistent.

Suaeda and Sarcobatus invicinity

of the well.

levels were 9.74 ftin Dec
2000 and 2.37 ftin
Sepfemnber 2017, Shallowest
depihwas .98 ftin May

2005.

Mininmum decline was 0.11 ff { in200& and the highest
declines were seen in 20023 (2.10 ff) and 2017 (1.81 .

Average growing seasonal decline was 1.15 £ (35.1 cm).




