2011-12 Inyo County Water Department Annual Report:
Soil Water Conditions

Introduction

The Water Agreement established procedures to determine which LADWP pumping
wells can be operated based on soil water and vegetation measurem@stpart of the
monitoring effort for the Agreementhe ICWD regularly easuresdepth to groundwater (DTW)
and soil water content at 25 sites in wellfields and eight sites in control areas. Three of the
wellfield sites are not used to determine the operational statusedrby pumping wells but are
monitored to continue the data record.

The purpose for the On/Off procedures is to manage pumping to protect plant
communities that require periodic access to the water table for {@rgn survival. Generally,
the sites wih On-status have wet soil and shallow water tables, and sites irsi@ffis have dry
soil and deep water tables. Because the On/Off status is a comparison soil water and predicted
transpiration, it sometimes ian unreliable indicatoof whether groundwéer conditions are
adequate or whether water table recovery is necessdrg.assist the evaluation of LADWP
pumping proposalshe Water Department examined the DTW and soil water tai@determine
whether groundwater is accessible to plaatsthe permarmnt monitoring sites at the beginning
of the 2012 growing season.

How well plants can access groundwater depends on the vegetation tgemilar
soils, a shallower water table is necessary to supply groundwater to grasses than shrubs because
of the shallower roots of the grasses. For management purposes in the Water Agreement,
shrub-dominated sites are assigned a root zone of 4 m (13.1 ft.); gl@®énated or mixed grass
and shrub assemblages are assigned a root zone of 2 m (6.6 ft.). Thesarapfaalues are
not the actual rooting depth at a particular monitoring sieit they are useful to compare with
the soil depth that received recharge from groundwater.

Soil water in theoot zone can bauppliedby infiltration from the surface (raiar
irrigation) or from contact with the water tabldlt is usually possible to discriminate deeper soil
affected by groundwater from soil near the surface affected by infiltration based on the depth
and timing of the measuredhanges irsoil watercontert. Water content and DTW data can
provide evidence ofommonsituations wheregroundwater is accessible to vegetatioRlant
roots can utilize groundwater directly, and if the water table is within the root zone it is
reasonable to conclude that groundves is available A rising vater tablecanprogressively wet
the root zonefrom belowand provide water to plantsPlant roots can also tap groundwater
that is drawn into the soil above the water table by capillarity where it is held in soil pores or
adsorbed to soil particlesPlant uptake during the summer depletes soil water, and when
transpiration ceases in the fall, water from the moist soil above the water table will replenish
the drier soil in the root zone via capillarity throughinactiveplart roots even if the water
table is stable or declining. This is a slow process and usually provides much less soil water
recharge thara risingwater table



Results

Monitoring results for available soil water, vegetation water requirement, wateletab
depth, and the On/Off status for all sites are presented in the figures contained in Appendix A.
At the beginning of the 20212 runoff year, sixteen sites were in On status. Eigassit
remained in Orstatus throughout the runoff yearSites 102 ahSS2 went into Off status in
July; sites L3, TA3, TA4, TA6, TS4, and SS3 went into Off status in October. No sites went into On
status during the winter 20%:12. The eight sites in On status as of April, 2012 were L2, BP3,
BP4, TA5, TS2, TS3, SS1, &#i B

Hydrographs for the permanent monitoring sites are presented in Appendix A, and the
minimum (shallowest) DTW measured during the fall and winter preceding the 2011 and 2012
growing seasons are presented in Table 1. The minimum DTW is a usefuleneastusecause
it is associated witlthe amount ofgroundwaterrechargein the root zonebeforevegetation
measurementare made.At most sitesthe minimum DTWccursin the spring. At sites BP1, 2,
and 3in Big Pinethe water table rises during the suner and reaches a minimum in the fall
coinciding with the timing of diversions into the Big Pine canal for irrigation. For these three
sites, he amount and depth of soil water recharge during the winter are related to the
minimum water table depth in thé&all.

Compared to 2011, mimum DTWn 2012was shallowerat 12wellfield sites and
deeperat 12 sites Minimum DTW wagnchanged at ongvellfield site. Notablechanges
greater than 0.3 m (1 ft) were water table increase8P1, TSBnd TS3and dedines atBP4,
102, SS1, and SSaterestingly, the water table declined at all control sites despite the much
above normal runoffin 2011-12. The control sites respord to the heavyrainsduring the
winter of 201011, but this year the season#llictuationswere more similar tdong termtrends
resulting insmall decline¥F N2 Y f I a i @& $eveNXantrolLskek C1 ahd BCS Were
exceptionsto this explanation.Aleaky artesiarwell near IC1 was cappgand the watemwas
divertedaway from tte siteto supplya new mitigation project. The water table is still above
onemeter and any effects to vegetation should be locihecause of theather large decline at
BC3is unknown.Since 198%he water table rose2ach winter, buthat did not ocur in 2011-

12.

The monitoring sites were grouped into simple categories to summarize the connection
between soil water in the root zone and the water talifégure 1) Brief descriptions of the
three categoriesind the resultsare given below:

1. Canected: Water table fluctuations resulted in soil water recharge in the top half of the root
zone at most monitoring locationgithin a site Sevenwellfield andfive control siteswere
placed in this category.

2. Partially connected: Water tableidtuations resulted in soil water recharge in the bottom
half of the root zone at most monitoring locationgthin a site Sevenwellfield andthree
control sitesoccur in this categoryThe control sites an@iS6, S§ and BG2 have ample soil
water stored in the solil profile.

3. Disconnected: No recharge from groundwatecuredin the root zone.Elevenwellfield
sites occur in this category. Site2 SS1, and TAfd retained soil water available to plants



but the water table at the beginning tiie 2011 growing season is too deep to recharge the
root zone. Soil at the other sites is dry.

At most sites it was possible to discriminate groundwater recharge from surface
infiltration because of the relatively dry wintéfable 2). Infiltration androundwater recharge
overlapped at sites BC2, BC3, [C33, TS4 and 101, all sites wighallow water table.Even at
these sitesit was possible to identifwhichdepthswere affected by groundwater before the
first significant rain in January to peitglassification.All of the control sites were in the
connected or partially connected categoriest the beginning of the 2012 growing season, the
water table was capable of supplying water to the root zong4ainonitoring sites located in
wellfields(Figure 1)one siteless than irR011. Sites BP4, TA4, and S&re classified in drier
categorythan last year Sites BPAnd TS3were placcedin a wetter category than last year
Foursites in the disconnected category still retain soil wateofeihg water table decline (1.2
BP4SSJ) or because the plant cover is low and the soil is always moist (TA5). The remaining
sevensites have dry soil throughout the root zonAs in previous yearfterpretationsfor two
sites, TA5 and BGgere difficult. Soil atthesesiteswasmoist at lower depths but relatively
unchanging.Plant uptake during the summerasnot evident below two meters, andg water
recovery when plant uptake ceas@ the fall or related to water table fluctuationgasnot
evident. Both sites hadelativelystable DTW and low plant coveDTW at BG2 is just belowd
(Table 2) and the capillary fringeobably intersects the root zonelhe site was classified as
weakly connected. THBTW at TA5 is much below the 2m root zpaedthe site waslassified
asdisconnected.The t¢assification at both sites isnchanged fron2011.



Table 1. Minimum DTW during the fall and winter preceding the growing seasonslim2d1
2012. Hydrographs for the sites are provided in AppendiD&pths are below ground surface.

Site 201 DTW 2012DTW DTW Change 20101+
(m) (m) (m)

L1 7.00 7.09 -0.09
L2 6.89 7.05 -0.16
L3 4.93 4.80 0.13
BC1 2.87 3.02 -0.15
BC2 4.17 4.34 -0.17
BC3 1.62 2.43 -0.81
BP1 4.03 3.48 0.55
BP2 5.53 5.31 0.22
BP3 3.99 4.14 -0.15
BP4 4.70 5.15 -0.45
TAl &2 1.96 1.80 0.16
TA3 5.41 5.23 0.18
TA4 2.53 2.61 -0.08
TA5 4.00 4.05 -0.05
TAG 3.85 3.64 0.21
TAC 0.96 1.23 -0.27
TS1 5.84 5.15 0.69
TS2 3.81 3.66 0.15
TS3 2.18 1.33 0.85
TS4 2.08 2.17 -0.09
TS6 2.98 2.86 0.12
TSC 0.95 1.12 -0.18
101 2.62 2.38 0.24
102 6.9 8.61 -1.71
IC1 0.63 0.84 -0.21
IC2 2.12 2.35 -0.13
SS1 4.15 5.08 -0.93
SS2 6.98 7.74 -0.76
SS3 3.83 4.04 -0.21
SS4 6.00 6.00 0.0
BG2 4.45 458 -0.13
BGC 2.07 2.32 -0.25

Wt positive véues denote a rise in the water table.



Table 2. Soil depth below ground surface replenished by groundwater inZiilZlat control

sites Values are provided for each monitoring locatiathin a site. DTW was measured in the
associated test well, anthe values do no account for elevation differences between the well
and monitoring site.

Site | Dominant plant species Root | Minimum DTW | Groundwater recharge depth
Zone
(m) (m) (m)
BC1 | rabbitbrush, saltbush, 4 3.02 27,11,25
greasewood, alk. sacaton
BC2 | rabbitbrush, saltgrass 2 4.34 <2.0 at all four location&a
BC3 | rabbitbrush, saltgrass, 2 2.43 <13,<1.3,<1.1
saltbush
TAC | saltbush, rye grass, saltgrass| 2 1.23 1.1,0.5,0.9,0.9
alk. sacaton
TSC | alk. sacaton, rabbitbrush, 2 1.12 11,0.7,0.9
greasewood.
IC1 saltbush, saltgrass, 2 0.84 <0.9,<0.9,<1.1
rabbitbrush
IC2 rabbitbrush, alk. sacaton 2 2.35 19,1318
BGC | saltbush, saltgrass 4 2.32 0.7,1.1,1.7
uy [Saa GKIy aedvyoz2fa 6fr0 RSy20GS t20lGA2ya

recharge contribute to increasing soil water content above the depth indicated.

g K



Table3. Soil depth below ground surface replenished by groundwater i1-2012 at wellfield

sites Values are provided for each monitoring locatathin a site. Valuesire not provided if

the identification ofa specific depth was uncertain. DTW was measured in the associated test
well, and the valueslo no accountor elevation differences between the well and monitoring
site.

Site | Dominant plant species Root | Minimum DTW | Groundwater recharge depth
Zone
(m) (m) (m)
L1 Greasewood 4 7.09 >3.9,>3.9, 3.9
L2 alk. sacaton, greasewood, 2 7.05 >3.9 at all five locations
saltbush
L3 alk. sacaton, saltgrass 2 4.80 0.9,15,1.1,0.7,0.9,1.1
BP1 | saltbush, greasewood 3 3.48 2511,11,15,1.5
BP2 | saltbush, rabbitbrush 4 5.31 3.7,3.7,3.7
BP3 | greasewood, rabbitbrush 4 414 353.13.1
BP4 | saltbush, greasewood 4 5.15 1.9 >3.9,>3.9
TA1 | alk. sacaton, saltbush 2 1.80 0.9
TA2 | alk. sacaton, saltbush, 2 0.9
greasewood rabbitbrush
TA3 | saltbush, alk. sacaton, 2 5.23 >3.9bo dphpZ HDPp U
sagebrush
TA4 | rabbitbrush, alk. sacaton 2 2.61 17,11
TA5 | greasewood, alk. sacaton 2 4.05
TA6 | saltbush, rabbitbrush 2 3.64 2.9 27,27
TS1 | weeds, alk. sacaton 2 5.15 >3.93.5,37,3.1,2.9
TS2 | sagebrush, saltbush, alk. 2 3.66 2.5,2.3 2.9
sacaton
TS3 | saltgrass, alk. sacaton 2 1.33 <0.9<0.5<0.5<0.9<1.1
<0.9
TS4 | greasewood, alk. sacaton, 2 2.17 <1.0,1.1,09,1.1
saltbush, saltgrass
TS6 | alk. sacaton, saltbirs 2 2.86 1.3
saltgrass
101 rabbitbrush, alk. sacaton, 2 2.38 <0.9,0.3,0.7
saltbush
102 Saltbush 4 8.61 >45,>3.9, >3.9
SS1 | saltbush, greasewood 4 5.08 >5.5>3.9, >3.9
SS2 | Sltbush 4 7.74 47,>3.9,>3.9
SS3 | Sltbush 4 4.04 2.3,2.1,19
SS4 | Sltbush 4 6.00 2.3,>39, 2 1
BG2 | inkweed, saltbush 4 4.47

uy {2Af 6FGSN)I O2yidSyd d GKSaS RSLIIKa AYyONBL
remains approximately constant suggesting that the recharge mechanism is not simple capillary
rise above tle water table.

U UlLess than symbols (<) denote locations where both infiltration and groundwater
recharge contribute to increasing soil water content above the depth indicated.



Soil Water Conditions

Monitoring Sites Status
® Connected
©  Disconnected
@ Weakly connected

Owens River Watershed

Figure 1. Owens Valley permanewllfield monitoring sites and grawdwater recharge classes.



Appendix A. Seplant water balance and groundwater data and July 1 and October 1 On/Off
calculation tables for the permanent monitoring sites.



June 2011 monitoring site status and July 1, 2011 soil/vegetation water bakutations according to Green
Book, Section llI.

Site June, 2011 Statug July, 2011 Veg. Water Req./ Soil | July 2011 soil July 2011Status Soil AWC required. for

(cm) (cm) (cm)

L1 OFF 8.1/15.6 7.2 OFF 15.6,0FF 7 -10

L2 ON 6.7/NA 28.1 ON NA

L3 ON 13.7/NA 13.9 ON NA

BP1 OFF 11.6/22.9 8.2 OFF 22.9 A OFF10 -97

BP2 OFF 15.0/28.4 5.6 OFF 28.4,0FF7 -98

BP3 ON 9.2/NA 16.2 ON NA

BP4 ON 8.9/NA 63.8 ON NA

TA3 ON 13.8/NA 16.9 ON NA

TA4 ON 12.4/NA 16.9 ON NA

TAS ON 4.8/NA 26.9 ON NA

TA6 ON 9.4/NA 17.1 ON NA

TS1 OFF 4.4/20.4 6.6 OFF 20.4 A OFF 10 -96

TS2 ON 7.5/NA 14.1 ON NA

TS3 ON 16.5/NA 251 ON NA

TS4 ON 30.9/NA 43.9 ON NA

101 OFF 30.0/42.2 37.1 OFF 42.2,OFF10 -98

102 ON 10.1/NA 8.0 OFF 18.9,0FF7 -11

SS1 ON 15.0/NA 38.3 ON NA

SS2 ON 13.8/NA 4.8 OFF 256,0FF7 -11

SS3 ON 18.1/NA 28.4 ON NA

SS4 OFF 12.3/15.9 6.3 OFF 159,0FF7 -05

BG2 ON 11.6/NA 31.9 ON NA

A These values of soil water required for well tamwerederived using calculations based on % cover that were routinely performed in the past. The values have not been
updated to conform to the Green Book equations in section 111.D.2;:$957



Monitoring site status and soil/vegetation water balance célmogafor October 1, 2011 according to Green Book,
Section Il

Site July 1, 2011 | October, 2011 Veg. Water October 2011 soll +50% annual ppt. October 1 Soil AWC req. for well

Status Req./Soil AWC for turron AWC 2011 Status | turn-on

(cm) (cm) (cm) (cm)

L1 OFF 14.2/15.6 4.5 NA OFF 15.6,0FF7 -10
L2 ON 12.1/NA 23.4 23.4+79=313 ON NA
L3 ON 25.2/NA 7.4 74+79=153 OFF 252,0FF10 -11
BP1 OFF 21.3/22.9 10.3 NA OFF 22.9 A OFF10 -97
BP2 OFF 27.7/128.4 2.2 NA OFF 28.4,0FF7 -98
BP3 ON 16.4/NA 15.2 152 +7.6=22.8 ON NA
BP4 ON 16.0/NA 58.2 58.2+8.2=66.4 ON NA
TA3 ON 26.0/NA 9.8 98+7.3=17.1 OFF 26.0,0FF10 -11
TA4 ON 23.3/NA 151 151+73=224 OFF 23.3,0FF10 -11
TAS5 ON 8.8/NA 22.6 226 +8.2=30.8 ON NA
TAG6 ON 17.6/NA 10.2 10.2+7.3=17.5 OFF 17.6,0FF 10 -11
TS1 OFF 8.2/20.4 1.6 NA OFF 20.4 A OFF 10 -96
TS2 ON 13.8/NA 8.7 8.7+7.3=16.0 ON NA
TS3 ON 30.3/NA 251 251+73=324 ON NA
TS4 ON 55.9/NA 35.5 355+7.3=428 OFF 55.9,0FF 10 -11
101 OFF 55.9/42.2 30.9 NA OFF 42.2,0FF10 -98
102 OFF 18.9/18.9 5.0 NA OFF 18.9,0FF7 -11
SS1 ON 27.2INA 34.1 34.1+6.5=40.6 ON NA
SS2 OFF 25.6/25.6 4.0 NA OFF 256,0FF7 -11
SS3 ON 33.8/NA 23.4 23.4+6.5=29.9 OFF 33.8,0FF10 -11
SS4 OFF 23.0/15.9 3.4 NA OFF 15.9,0FF7 -05
BG2 ON 21.3/NA 30.2 30.2 + 6.6 = 36.8 ON NA

A These values of soil water required for well tamwere derived using calculations based on percent cover that were routinely performed in theepasiue$
have not been updated to conform with the Greenbook equations in section 111.D.5%. 57
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LAWS MONITORING SITE #1
Soil-Plant Water Balance and Groundwater Data, 5/1/12
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* Wells not necessarily operated when in on-status. On\off according to
Green Book Section Il values for Veg. Water Req.

Linked pumping wells- 247, 248, 249, 398
Soil water required for turn on (15.6 cm)
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LAWS MONITORING SITE #2
Soil-Plant Water Balance and Groundwater Data, 5/1/12
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* Wells not necessarily operated when in on-status. On\off according to
Green Book Section Il values for Veg. Water Req.

Linked pumping wells - 236, 239, 243, 244

Soil water required for turn on (--)



LAWS MONITORING SITE #3

Soil-Plant Water Balance and Groundwater Data, 5/1/12
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* Wells not necessarily operated when in on-status. On\off according to
Green Book Section Il values for Veg. Water Req.

Linked pumping wells - 240, 241, 399, 376, 377
Soil water required for turn on (25.2 cm)



BISHOP CONTROL SITE #1
Soil-Plant Water Balance and Groundwater Data, 5/1/12
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*On/off according to the Green Book Section 1l values for Veg. Water Req.
Soil water required for turn on (--)



BISHOP CONTROL SITE #2
Soil-Plant Water Balance and Groundwater Data, 5/1/12
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*On/off according to the Green Book Section Ill values for Veg. Water Req.
Soil water required for turn on (--)



BISHOP CONTROL SITE #3
Soil-Plant Water Balance and Groundwater Data, 5/1/12

Avail. Soil Water
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*On/off according to the Green Book Section Ill values for Veg. Water Req.

Soil water required for turn on (--)
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BIG PINE MONITORING SITE #1
Soil-Plant Water Balance and Groundwater Data, 5/1/12
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* Wells not necessarily operated when in on-status. On\off according to
Green Book Section Il values for Veg. Water Req.

Linked pumping wells - 210, 378, 379, 389
Soil water required for turn on (22.9 cm)



BIG PINE MONITORING SITE #2
Soil-Plant Water Balance and Groundwater Data, 5/1/12
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* Wells not necessarily operated when in on-status. On\off according to
Green Book Section Il values for Veg. Water Req.

Linked pumping wells - 220, 229, 374, 375
Soil water required for turn on (28.4 cm)



BIG PINE MONITORING SITE #3
Soil-Plant Water Balance and Groundwater Data, 5/1/12

35
| Avail. Soil Water
------ Veg. Water Req.

2010 2012

Depth to Water: 567T

Depth (m)

2002 2004 2006 2008 2010 2012
Year

* Wells not necessarily operated when in on-status. On\off according to
Green Book Section Il values for Veg. Water Req.

Linked pumping wells - 222, 223, 231, 232
Soil water required for turn on (--)



BIG PINE MONITORING SITE #4
Soil-Plant Water Balance and Groundwater Data, 5/1/12

70
Avail. Soil Water
60 ] v Ve WaterReq.
50 I T A
\
40 B AV Ay R e N N | T AN S ol RN ) S
30 P . T T
R — 920, (1..9.!3)...(1.9.9) ..........
= ) ..(.1.4..o>( ot ':(14...?.») 2180
10 1 (T ...(8..1.)....@.4)..
0 ’ | | | | | |

| R S DA A S e T Y | S
2002 2004 2006 2008 2010 2012
Year

* Wells not necessarily operated when in on-status. On\off according to
Green Book Section Il values for Veg. Water Req.

Linked pumping well - 331
Soil water required for turn on (--)




TABOOSE/ABERDEEN MONITORING SITE #3
Soil-Plant Water Balance and Groundwater Data, 5/1/12
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* Wells not necessarily operated when in on-status. On\off according to
Green Book Section Il values for Veg. Water Req.

Linked pumping wells - 106, 110, 111, 114
Soil water required for turn on (26.0 cm)
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TABOOSE/ABERDEEN MONITORING SITE #4

Soil-Plant Water Balance and Groundwater Data, 5/1/12
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* Wells not necessarily operated when in on-status. On\off according to
Green Book Section Il values for Veg. Water Req.

Linked pumping wells - 342, 347

Soil water required for turn on (23.3 cm)



TABOOSE/ABERDEEN MONITORING SITE #5
Soil-Plant Water Balance and Groundwater Data, 5/1/12
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* Wells not necessarily operated when in on-status. On\off according to
Green Book Section Il value for Veg. Water Req.

Linked pumping well - 349
Soil water required for turn on (--)




TABOOSE/ABERDEEN MONITORING SITE #6
Soil-Plant Water Balance and Groundwater Data, 5/1/12
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* Wells not necessarily operated when in on-status. On\off according to
Green Book Section Il values for Veg. Water Req.

Linked pumping wells - 109, 370
Soil water required for turn on (17.6 cm)
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Soil-Plant Water Balance and Groundwater Data, 5/1/12
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* Wells not necessarily operated when in on-status. On\off according to
the Green Book Section Il values for Veg. Water Req.

Linked pumping well - 159
Soil water required for turn on (20.4 cm)
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THIBAUT/SAWMILL MONITORING SITE #2
Soil-Plant Water Balance and Groundwater Data, 5/1/12

Avail. Soil Water
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* Wells not necessarily operated when in on-status. On\off according to
the Green Book Section Il values for Veg. Water Req.

Linked pumping well - 155
Soil water required for turn on (--)



THIBAUT/SAWMILL MONITORING SITE #3

Soil-Plant Water Balance and Groundwater Data, 5/1/12
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* Wells not necessarily operated when in on-status. On\off according to
the Green Book Section Il values for Veg. Water Req.

Linked pumping wells - 103, 104, 382
Soil water required for turn on (--)
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THIBAUT/SAWMILL MONITORING SITE #4
Soil-Plant Water Balance and Groundwater Data, 5/1/12
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* Wells not necessarily operated when in on-status. On\off according to
the Green Book Section Il values for Veg. Water Req.

Linked pumping wells - 380, 381
Soil water required for turn on (55.9 cm)



THIBAUT/SAWMILL CONTROL SITE
Soil-Plant Water Balance and Groundwater Data, 5/1/12
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* On\off according to the Green Book Section Il values for Veg. Water Req.

Soil water required for turn on (--)



INDEPENDENCE/OAK MONITORING SITE #1
Soil-Plant Water Balance and Groundwater Data, 5/1/12
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* Wells not necessarily operated when in on-status. On\off according to
the Green Book Section Il values for Veg. Water Req.

Linked pumping wells - 61, 391, 400
Soil water required for turn on (42.2 cm)
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INDEPENDENCE/OAK MONITORING SITE #2
Soil-Plant Water Balance and Groundwater Data, 5/1/12
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* Wells not necessarily operated when in on-status. On\off according to
the Green Book Section Ill values for Veg. Water Req.

Linked pumping well - 63
Soil water required for turn on (18.9 cm)
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Soil-Plant Water Balance and Groundwater Data, 5/1/12
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* Wells not necessarily operated when in on-status. On\off according to
the Green Book Section Il values for Veg. Water Req.

Soil water required for turn on (--)



INDEPENDENCE/OAK CONTROL SITE #2
Soil-Plant Water Balance and Groundwater Data, 5/1/12
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* Wells not necessarily operated when in on-status. On\off according to
the Green Book Section Il values for Veg. Water Req.

Soil water required for turn on (--)






