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SOILS AND RELATED RESOURCE ISSUES
REBUTTAL REPORT

Nevada State Engineer Water Rights Hearing
Spring Valley, Nevada

1.0 Introduction

This rebuttal report addresses opinions presented in the McLendon (2011) report prepared in
support of the Southern Nevada Water Authority’s (SNWA) water right application in Spring
Valley and addresses information presented in the Welch, et.al. (2007) report. In addition to the
McLendon and Welch reports, we relied on the Bureau of Land Management (BLM)
Environmental Impact Statement dated June 2011, selected documents submitted by the
Southern Nevada Water Authority (SNWA), and other existing resource information that is
publically available regarding the project area. This report refers only to Spring Valley,
specifically the area included in the National Cooperative Soil Survey (NCSS) area identified as
White Pine County Nevada East Part (soil survey staff, 2008). Although the impacts in several
other groundwater basins would likely be similar to those in Spring Valley, the acreage and

potential impacts discussed in this rebuttal report include only those lands within the NCSS
report identified above.

The primary assumption made in this evaluation was the predicted level of groundwater
drawdown. Depth to water is a critical component in this analysis. It was assumed that the
drawdown in the level of groundwater in Spring Valley would be ten feet. Although some
references indicated the drawdown may be as much as 50 feet, and other references indicate that
there will be no drawdown in certain areas of Spring Valley, all references indicated that the
precision of the drawdown prediction was quite low due to the complications of modeling such
impacts. Consequently, it was determined that the assumption of a drawdown of ten feet across
the Valley would be reasonable for this analysis.

Included in this evaluation was a review of the existing information in Spring Valley that
McLendon could have used to predict project impacts; a review of the kinds of impacts that
could be expected; and a review of the predicted post-project conditions and predicted impacts.
The Welch report discusses the geomorphic land forms, including wet and dry playas, but does
not address the conversion from wet to dry playas and the resulting environmental effects. One
of the best sources of information that can be utilized in evaluating project impacts is the soil
surveys prepared by the Natural Resources Conservation Service (NRCS). It is not clear why this
information was not used. The NRCS soil survey information is readily available on-line; it is
extensive, comprehensive, site-specific, and is probably the most reliable data source available
regarding soil and associated vegetation conditions.
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Table 1 (Table of Selected Soil Survey Map Unit Attributes) presents information gathered from
the NRCS White Pine County Nevada, East Part soil survey. This table summarizes much of the
information that was used in this evaluation regarding playas, wetlands, and phreatophytes.

2.0 Impacts Regarding Playas, Wetlands, and Phreatophytic Ecosystems

For the purpose of this rebuttal report, playas are enclosed concave areas primarily devoid of
vegetation, characterized by generally high water tables, possible ponding, and salt crusts of
varying thickness and composition.

Wetlands are those areas that meet the Corps of Engineers criteria for wetlands regarding soils,
vegetation, and hydrology. Wetlands are underlain by hydric soils with obligate wetland plants
(sedges, etc.). They are often periodically ponded or have a high water table that extends to near
the soil surface.

Phreatophytic ecosystems are those where the plants depend upon subsurface water
supplementing rainfall to exist. These areas are not as wet as wetlands, and the water table is at
somewhat greater depths. Phreatophyte areas were identified from the NRCS soil survey by use
of the map unit Ecological Site Description (see Table 1). Those Ecological Sites having
phreatophytes as part of the plant community were included in the identified phreatophytic
ecosystems as used in this report.

2.1 Playas
2.1.1 Extent of Playas

According to Table 1, there are approximately 16,996 acres of playas in Spring Valley (actually
these acres are within the NRCS Soil Survey Area identified as White Pine County, Eastern Part;
area number NV779, which is dominantly Spring Valley). It is important to remember that there
are twelve other NRCS soil survey areas within the entire project, so the acreages presented
herein are likely only a fraction of the total area of playas within the groundwater project area.

2.1.2 Description of Playas

Playas, as identified in the NRCS soil survey, are identified as a miscellaneous land type. This
means that detailed soil profile data are not gathered nor reported in the same way that other map
units are described. The playa areas are simply identified as “Playas” and are neither classified
nor described in any significant detail. It is important to note, however, that the NRCS soil
survey indicates that the playas (1) have long ponding duration; (2) have water tables at “0” feet
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(meaning at or above the soil surface) for much of the year, including the spring and summer
months; and (3) generally have clayey surfaces with clay, silty clay, or silty clay loam substrata.
These areas have salt crusts of varying thickness and composition.

2.1.3 Changes as a Result of Groundwater Drawdown

As previously stated, the NRCS soil survey (which is the best resource information available for
this area) does not characterize the soil conditions present in the playas. The only details
included in the report regarding playas are (1) depth to groundwater and overflow potential and
(2) general soil stratigraphy. This information is insufficient to make meaningful predictions
regarding the site-specific effects of groundwater drawdown, or to evaluate the environmental
impacts or mitigation requirements. Nevertheless, there are indications as to the general
conditions that likely exist and these indications are sufficient to conclude that the adverse
environmental consequences of groundwater withdrawal could be significant.

From the NRCS soil survey, we know that these areas are dominantly wet, and often ponded. It
is common throughout this region, and is obvious from examination of aerial photos, that most of
these playas have salt crusts of varying thickness. Other sources of information support this,
along with bits of added information. Spring Valley is located in the NRCS Major Land
Resource Area (MLRA) identified as Great Salt Lake Area (28A). Their general description of
the playa areas within MLRA 28A states:

1. Most of the valleys in this MLLRA are closed basins containing sinks or playa lakes.

2. Poorly drained Aquisalids occur in basin floors. (Aquisalids is the taxonomic
classification of soils that have wet soil conditions and high levels of salt.)

3. The text discussion includes references to a particularly large “salty playa” in the
area.

It is reasonable to conclude, in the absence of more site-specific information, that these playas
are salt-encrusted wet areas that in many instances are frequently ponded.

Although it cannot be concluded that the conditions in the playas of Spring Valley are similar to
those in Owens Lakebed in California, the studies done at Owens Lake are a valuable resource in
the management of saline playas. For example, it is recognized in the Owens Lake area that soil
moisture is a prime soil-binder in salt crusts to prevent dust generation. As a matter of fact,
shallow flooding (keeping the salt crust/soil moist to the surface) is a major mitigation practice
employed on Owens Lakebed. It is also recognized that the chemical composition of the salt
crust significantly affects the potential for dust generation, wherein sodium salts tend to be
“fluffy”, fine-grained, and easily airborne and calcium salts tend to be more stable. In all
likelihood, both kinds of salt will occur in the various playas throughout Spring Valley. In
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Spring Valley, when these salt-encrusted playas become dry the binding quality provided by
moisture will be lost. Depending upon the specific chemistry of the salts, thickness of the crusts,
and other factors, these crusts may then become powdery and may be air-borne, especially
during the windy season of the year. Given that the area of playas in the White Pine County
Nevada, East Part alone is 16,996 acres, the risk of drying these areas by dropping the water
table is obvious.

Other recent studies support the conclusion that dust generation from drained playas in Spring
Valley is likely. Playas that are close to the groundwater level have been found to be seasonally
susceptible to wind erosion within the southwestern U.S. (Gill, 1996; Pelletier, 2006; Reynolds,
et al., 2007), and quick exposure of larger areas (such as the case of Owens Lake) can, without
proper mitigation, lead to severe dust emissions. At the Salton Sea, soft crusts were found to be
significant producers of dust during winter and early spring, as were dry wash areas containing
loose particles on the surface year-round. The removal of fluffed salts by wind erosion facilitates
the bare soil to continue salt formation on the soil surface.

2.1.4 Summary

An estimated 16,996 acres of playas occur within that portion of the project area included in the
White Pine County Nevada East Part. This is only a portion of the project area, and playas are
much more extensive in the total area. Considerable research in defining the processes involved
in dust generation from playas has been done, and many site factors that cause dust to become
airborne have been identified. Determinations of impacts require adequate baseline information,
and this information does not exist for the playa areas.

It is our recommendation that the following site-specific data, at a minimum, are needed on the
playa areas for any expert to make a reasonable evaluation regarding the effects of groundwater
drawdown:

1. Ponding frequency and current depth to water table.

2. Depth of water table after project development (predicted).

3. Soil stratigraphy to a depth of six feet.

4. Thickness and chemical composition of salt crusts.

5. Soil chemical composition (especially soluble salt content)

6. Location and extent of the various conditions that occur (soil map).

It is practical to gather this baseline information. Current methodologies employed by the NRCS
and many natural resource consulting firms are adequate to characterize these areas. The costs of
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gathering the required information are nominal, especially considering the size and long-term
effects of this project. Information would need to be gathered only on the playa areas, as the soil
information already published by the NRCS is sufficient for evaluating soil issues on non-playa
areas.

2.2 Wetlands
2.2.1 Extent of Wetlands

As indicated in Table 1, there are 14,419 acres of wetlands in the NCSS soil survey of White
Pine County Nevada East Part (primarily Spring Valley). It is important to remember that there

are twelve other NRCS soil survey areas within the entire project area, so the acreages presented
herein are likely only a fraction of the total area of wetlands within the groundwater project area.

2.2.2 Description of Wetlands

According to the Corps of Engineers Wetlands Delineation Manual, Technical Report Y-87-1,
wetlands are: “Those areas that are inundated or saturated by surface or ground water at a
frequency and duration sufficient to support, and that under normal circumstances do support, a
prevalence of vegetation typically adapted for life in saturated soil conditions.”

Wetlands have the following general diagnostic environmental characteristics:

1. Vegetation: The prevalent vegetation consists of macrophytes that are typically
adapted to areas having hydrologic and soil conditions that meet the site conditions
described above in the definition. Hydrophytic species, due to morphological,
physiological, and/or reproductive adaptation(s), have the ability grow, effectively
compete, reproduce, and/or persist in anaerobic soil conditions.

2. Soil: Soils are present and have been classified as hydric, or they possess
characteristics that are associated with reducing soil conditions.

3. Hydrology: The area is inundated either permanently or periodically at mean water
depths less than or equal to 6.6 feet, or the soil is saturated to the surface at some time
during the growing season of the prevalent vegetation.

Wetlands are unique ecosystems that help purify natural waste products, filter nutrients from
water, offer wildlife habitat, mitigate floods, and provide aesthetic value and other benefits. The
USDA-NRCS (2011c) and USGS (2006) maintain lists of hydrophytic plants that are wetland
indicator species. The USCA-NRCS Soil Survey Staff (2011a) maintains a list of soils that meet
hydric soils requirements. These materials are readily accessible online. Nevada is in USDA
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Region 8, Intermountain. In Spring Valley, all hydric soils meet the following criteria: Soils in
Aquic suborders, great groups, or subgroups that are poorly drained or very poorly drained and
have a water table at a depth of 1.0 foot or less during the growing season if the permeability is
less than 6.0 in/hr in any layer within a depth of 20 inches.

The NRCS soil survey of White Pine County Nevada East Part (Soil Survey Staff, 2007) maps
and describes the hydric soils in the survey area. In addition, the survey describes the soil series,

map units, physical and chemical properties of the various hydric soils. The information utilized
in this report was taken primarily from the NRCS soil survey.

2.2.3 Changes as a Result of Groundwater Drawdown

Wetlands are much more insulated to wind erosion than “drought tolerant grasses and forbs”.
When one also takes into account the changes in soil chemical properties (especially salinity),
the statement in the EIS is much too general. The following information about ecosites, biomass
production, and cover are taken from the soil survey of White Pine County, Eastern Part (Soil
Survey Staff, 2007, 2011b), NRCS Ecosite Descriptions (USDA-NRCS, 2011a), and McLendon
(2011). A 10-ft drop in the water table depth would transition all wetlands and wet meadows at
least to dry meadows. This would result in at least 35% reductions in biomass production, with a
concomitant 20 to 35% decrease in cover. The salinity and sodicity characteristics of some of
the wetlands and wet meadow soils might shift the transitions to dry saline meadows, resulting in
an 80% decrease in biomass and 40 to 50% reduction in cover. All wet saline meadows, saline
bottoms and saline meadows would likely transition to dry saline meadows, with 60 to 85%
decreases in biomass, and 40 to 60% reduction in cover. The additional exposed soil surfaces
would be subject to wind and water erosion. As the grass cover decreases, phreatophytic shrubs
might invade, causing transition away from meadow (grass-dominated) to shrub-dominated
communities.

McLendon concludes “productivity and plant cover may decrease” due to a 10-ft decrease in the
water table, which is in direct opposition to the EIS report that “overall plant cover would likely
remain similar to baseline conditions over time” (p. 3.4-32, BLM 2011). This statement
contradicts the EIS discussion of Phase 3 in the vegetation chapter, “Bare interspaces among
shrubs would increase and some of these interspaces could be invaded by annual native and
exotic species” (p. 3.5-40, BLM 2011).

Decreasing vegetation will decrease filtering of sediments during runoff events, resulting in more
sediment transport, silting-in streams and waterways when deposition occurs. Many organic and
inorganic compounds are removed as water passes through wetlands. Constructed wetlands have
been used to clean effluent from concentrated animal feeding operations to EPA standards for
release into surface waters. Only groundwater quality is addressed in the EIS; surface water
quality is not. Loss of wetlands will result in surface water quality degradation. Dense wetland
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vegetation slows water velocity in channels during runoff events. If vegetation density decreases
due to groundwater drawdown, downstream flooding is more likely, and less aquifer recharge
will occur as the residence time in the recharge area is decreased.

2.2.4 Summary

Sufficient information exists (primarily in the soil survey report) to reasonably predict the effects
of drawdown upon wetland areas within the project. It is estimated that, based upon the assumed
groundwater drawdown of 10 feet, all of the 14,419 acres of wetlands in the survey area will be
eliminated and converted to drier sites (see Table 1 for conversion predictions). The drawdown
of groundwater by 10 feet will effectively eliminate the anaerobic soil conditions required for
wetlands. The results of these ecosystem conversions have not been properly addressed by
McLendon (2011).

The U.S. Army Corps of Engineers recognizes the presence of jurisdictional wetlands, those
subject to regulation under Section 404 of the Clean Water Act, in the project area (see letter
from USAC to Kenneth Albright of SNWA dated August 18, 2009 and included as Exhibit 364).
The total extent of jurisdictional wetlands, to our knowledge has not been addressed; however
the potential destruction of 16,000 acres of wetlands in Spring Valley alone is an issue that will
likely be addressed at some point. Such a determination is beyond the scope of this report.

One of the ACMs intended to assist with the vegetative transition is large-scale seeding.
However, large-scale seeding in arid and semiarid regions, without irrigation or timely
precipitation, has little record of success (Gaus, 2010).

It is our opinion that existing wetlands in Spring Valley will be converted to dry meadows or dry
saline meadows, with 30 to 85% reductions in biomass production and 20 to 60% reductions in
soil cover. These changes will increase the potential for erosion, surface water quality
degradation, downstream flooding, and decrease basin aquifer recharge.

23 Phreatophytes
2.3.1 Extent of Phreatophytes

Apart from wetlands, obligate and facultative phreatophytes are present on at least 145,810 acres
on thirteen ecosites in the White Pine County Nevada East Part Soil Survey Area. As previously

indicated, there are a total of twelve other soil survey areas within the groundwater project area,
so the total acreage of phreatophytes is much larger than 145,810 acres.
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2.3.2 Description of Phreatophytes

These were identified as soils with a water table between 1 and 5 feet, and/or have a
predominance of phreatophytes: alkali sacaton (Sporobolus airoides), inland saltgrass (Distichlis
spicata), alkali cordgrass (Spartina gracilis), alkaligrass (Puccinellia spp.), greasewood
(Sarcobatus vermiculatus), and sickle saltbush (Atriplex falcata).

2.3.3 Changes as a Result of Groundwater Drawdown

The following information about ecosites, biomass production, and cover are taken from the soil
survey of White Pine County, Eastern Part (Soil Survey Staff, 2007, 2011b), NRCS Ecosite
Descriptions (USDA-NRCS, 2011a), and McLendon (2011). Eight of the ecosites have water
tables between 1 and 5 feet all year. These are grass-dominated meadows that produce 400 to
1500 Ibs/ac. If the water table drops 10 feet, the grass component of the vegetation will
decrease, and shrubs may increase or invade. Due to the reduced water availability to support
plant growth, it was assumed that biomass production would approximate that of an unfavorable
year, and will decrease about 40% on sodic ecosites, and about 30% on saline and other ecosites.
These reductions in biomass likely would result in 20 to 30% reductions in soil cover.

McLendon (2011) fails to address the potential impact of salinization on the vegetative
community as the water table declines. If soil salinity increases as the water table declines,
biomass production may decrease as much as 70 to 95%, with concomitant decreases in surface
cover. Salts are common in these soils, so this is a likely scenario. While the water table is near
the surface, capillary fringe draws water to the surface, bringing salts with it. As the water table
drops, upward movement of salts will diminish. However, there will be little to no water moving
down into the soil to leach the salts downward. Increased salt content at the soil surface will
decrease germination and establishment of plants. This is a factor that would limit effectiveness
of large-scale seeding (ACM C.2.5).

McLendon (2011) provides an excellent discussion of the likely succession that will occur with
the change in depth to water. Patten et al (2008) predict a reduction in upland phreatophytic
vegetation as the groundwater level drops below the root zone due to pumping and the
interconnected nature of the basin-fill aquifer and the carbonate rock aquifer system. Manning
(1999) noted that phreatophytic shrub communities in Owens Valley might represent end-
succession communities which further disturbance or stress might convert to bare, weedy land.

All these information sources contradict the conclusion of the EIS (Chapter 3, Page 3.4-21,
BLM, 2011):

“Based on a literature review of phreatophytic vegetation responses to groundwater drawdown
(Section 3.5), it is expected that there would be changes in species composition, but overall plant
cover would likely remain similar to baseline conditions over time. Therefore, it is unlikely that
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there would be an increase in soil erosion due to decreases in hydric soils and associated changes
in plant communities. The maintenance of a relatively constant plant canopy cover and soil
stabilization by plant roots may vary from place to place, depending on the soil chemistry and
texture, alterations of soil biological and physical crusts, and the proximity of seed sources of
plants that are adapted to changing soil moisture conditions.”

2.3.4 Summary

It is our opinion there will be a decrease in vegetative production and plant cover that
accompanies the shift in species composition on much of the area currently supporting
phreatophytes. These changes will leave more soil surface area exposed, increasing the potential
for wind and water erosion. These effects have not been fully evaluated by McLendon (2011).
Current information is likely sufficient to make a reasonable evaluation of the effects of the
project.

August 25, 2011 Page 10



11 98eq 110T ‘Sz ¥sn3ny

ove (00]7 9deJJ3] J1POS S-0 ard € L8S Sy jewodAs  qOE‘T VLTE
- - - -0 1 LTT 9 seheld €ZTC [43%3
- (ysngauipol)  06-€T  7€-9T 1 8L€E 12 seAe|d
IS Ayjes wasaqg
0S¢ 00S doelid) dulles  0G-€T  TE9T € 617’7 qT aldwil  T9Y'6 0€TE
00€T mopeslN Alg  000T MOPE3IA 19 0 8 14 €8 4 eploy  0LTV T¥0€
- - - -0 1 686 0¢ seAe|d
08T 00¢€ 1e|401p0S  0G-€T 91-8 € A4l 59 ulusg  Sve'vy 800¢€
00T 00T uiseg Aep s 2T-0 8-C 14 €€T € wn3oH
00€T mopealN AJa 0002 MOPE3IA 19 0 8- 14 (444 S ep|o)|
08T 00¢€ 1e|401poS  0G-€T 91-8 € 999 ST uluag
- - - -0 1 €€€'T o€ seheld Zvv'y S00€
- - - -0 T SYET ST seAe|d
ove 00¥ 90BJI9] 2IPOS  08T-06 CE-9T € 689V o€ eue[aiey
08T 00¢€ 1|4 21poS  0G-€T 91-8 € 7579 ov uluag TE9'ST ¥00€
- - - -0 1 10T S seAe|d
S 0S¢ doeJlal dulles  ZI-T 91-8 € STT'T SS oueo] 870C 000¢€
09¢ 009 ddoeJId] dIpoS  ZI-T 8-0 14 209 09 eyNYD  ¥00°T 0102
00€T mopealN AJa 0002 MOPE3IA 19 0 8 14 LE€T 17 eploy  876°S 008T
00€T mopeslN Alg 0002 MOPE3IA 1M 0 8 14 ¥ST S epjoy 930°¢ TLET
00€T mopeslN Alg 0002 MOPE3IA 19 0 8 14 €1 S eploy  TStC 0L€T
00€T mopeslN Alg  000¢ MOPE3IA 19 0 8 14 SLT 12 eploy 8989 9Z€T
016 00€T mopea\ Aq 0 8 14 [4) 14 eplo) 985 09TT
S 0S¢ doeJlal dulles  ZI-T 91-8 € LSTC 0L oueo] 780‘c 0€0T
(31oe/sqq) s (a19e/sqp) 315 [ed180[003  ¥VS 3)3 Miodeie) jusuodwio) NN Buodwio) AN nun dew
uonpnpoid |ed180]003 uonPNpoid SSOUI9/\\ }O SoadY J0% NN ursany
jJjooweN |eyor
juswdojanaq 1sod juswdojanaq a.d

1led 15e3 ‘epenaN ‘AJuno) auld aMYM ‘6/Z eaJy ASAINS |10S SOYN ‘epersN Asjjea Sulids

I °d ‘SALNGNILLY TIOS AALOATAS 40 ATV ], [A14VL



71 98eq 110T ‘Sz ¥sn3ny

0sot 00sT wopog aulles  06-9% 8- € 99T ST iNg
09¢ 009 1e|42IpoS  0G-€T 91-8 € 0t 0¢ uluag
08T 00¢ 18|42IpoS  06-9% 91-8 € 0SS 0s oe]PM3  660°T S6TE
09¢ 009 18| 21p0S  0S-€T 91-8 € (017 ot uluag
(0) 74 00v dJelIa] JIpos S-0 ¥-C € L0S St JewodAs 9711 61¢€
ote (0[0)7 9JelI9] JIpOS  08T-06  CE€-9T € 6EY ST eue|ale)
006 00sT wonog auljes  06-9% 8- € 989 (014 iNg
081 00€ 184 21IpOS  0S-€1 91-8 € vor'T 0S uluag 8z6°c €6T¢E
(0) 74 (0[0)7 9JelI9] JIpOS  08T-06  CE-9T € 6€C ST eue|aie)
00S 00S aunq 21pos ST 8- € 66¢€ S¢ yomey  G65°T [4%3
- - - -0 T 1498% 9 seAe|d
08T 00¢ 18| 21poS  0S-€1 91-8 € 0LE'T 0¢ uluag
ote (0[0)7 92eJI31 JIPOS  08T-06 CE-9T € ESY'y 59 euejaley 0S89 T6TE
- - - -0 T €01 € seAe|d
0T¢ 0S¢ e yIseqly  0s-€l 91-8 € V19 ST ulusg
00s 00S aunq 21pos ST 8- € L6EC (074 Yyaimey  yei's 06T€
00€T mopealN AJa  000¢ MOpE3N 19/ 0 8-7 C 10T S ep|o)
0soT 00sT wonog aulles  06-9% 8- € (0% 0¢ g
08¢ (0[0)7 MOPE3N  06-9F 91-8 € ¥0S S¢ JE|IM]
auljes Aug
00S 00S aun( 21pos S-1 8- € L08 ot Yomey  £T0C 68T¢€
- - - -0 T 88 T seAeld  zv8'8 08T€
09¢ 009 dJelI9] dIpoS  09-0F 91-v € T€8 (014 J9]Zunj)
0) 74 0o 90elI9] JIpOoS  QOE-€T 0 € LYT'T o€ Janels /STy SLTE
uonpnpoid |ed180]003 uonPNpoid SSOUI9/\\ }O SoadY J0% NN ursany
jJjooweN |eyor
juswdojanaq 1sod juswdojanaq a.d

1led 15e3 ‘epenaN ‘AJuno) auld aMYM ‘6/Z eaJy ASAINS |10S SOYN ‘epersN Asjjea Sulids

7 °d ‘SALNEINLLY TIOS AALDATAS 40 A T4V L 7A19V]L



€1 93eq 110T ‘Sz ¥sn3ny

09¢ 009 9JelI9] dIpoS  09-0F 91-v € ¥86°T St Jajzuny  8ov'y €6¢¢E
00€T mopealN AJa 0002 MOpE3N 19/\ 0 8- C 98 [4 EpP|O)
(044 (0[0)7 3Jella] dJIpoS  08T-06  CE€-9T € T98 0¢ Bue|a1e)
09¢ 009 9deJJ91 dIpoS  09-0F 9T-v € vT0’E (074 Jajzuny  SOEY T6C¢E
00¢€T mopealN Ala 0002 MOpE3IN 19/\ 0 8- 4 L8 1 EpP|O))
ote (0[0)7 dJelIa] JIpos S-0 V- € ¥09°C (013 1eWo0AS
09¢ 009 dJelI9] dIpoS  09-0F 9T-¥ € SLL'Y SS Jajzuny  189°8 06¢e
- - - -0 T 009 qT sedeld
0T¢ 0S¢ e[4S eyl 0S-€T 91-8 € 10S°C SL uluag SgE’‘e TLCE
- - - -0 T 80V qT seAe|d
08T 00¢ Ajis mojleys  0€T-T6  91-8 € 1474 0¢ eopuos
0T¢ 0S¢ g4 yIS ey 0S-€T 91-8 € 6SET 0S ulusg 8TLC 0Lcg
08T 00¢ Ayis mojleys  0€T-T6  91-8 € L6V ST eopuos
0T¢ 0S¢ |4 YIS ey 0S-€T 91-8 € €66 o€ uluag OTE'S T€Ce
081 00¢ aun( 21pos ST 8-v € (0517 o€ yamey
09¢ 009 9JelIs] JIpoS  09-0F 91-v € LS S€ Jajzuny  €€9°T 86T¢€
08¢ (0[0)7 MOpE3N  06-9F% 91-8 € LET ST Je|Pam3
aules Aig
ote (0[0)7 3Jela] JIpoS  08T-06  CE€-9T € €LY o€ eue|a1e)
08T 00¢ 1e|42IpoS  0S-€1 91-8 € T€9 ot ulusg  8/S'T L6TE
- - - -0 T LSC [4 seAe|d
ote (0[0]7 0e1I9] JIpOS  08T-06 CE-9T € 6C6°T ST eue|ale)
081 00¢ 1e|421poS  0S-€1 91-8 € 658°¢€ (013 ulusg
0T¢C 0S¢ B[4 YIS eqlY  0S-€T 91-8 € SYT's (0)7 uluag  €98°CT 961¢€
(319./sq1) 3us  (ane/sq) 9}IS[e3[30]073  ¥VS 333 Kios:e) jusuodwio) AN jusuodwio) AN nun dey
uonpnpoid |ed180]003 uonPNpoid SSOUI9/\\ }O SoadY J0% NN ursany
jJjooweN |eyor
juswdojanaq 1sod juswdojanaq a.d

1led 15e3 ‘epenaN ‘AJuno) auld aMYM ‘6/Z eaJy ASAINS |10S SOYN ‘epersN Asjjea Sulids

€ *d ‘SALNENLLY TIOS AALOATAS 40 A T4V L €ATaVL



1 o8eq 110T ‘Sz ¥sn3ny

00€T mopeaN Aia 0002 MOpE3IA 1D 0 8- C €¢ 14 ep|o)
0soT 00sT woyog auljes  06-9% 8-7 € L6T S€ iNg
09¢ 009 dJelIa] JIpos ST -0 € 0T€E SS [oudey €95 90s€
00€T mopea\ Aia  000T MOpE3IA 19/ 0 8-t C [47 [4 ep|o)
0S01 00ST wonog auljes  06-9v 8- € 9€9 (013 iNg
08¢ (0]0)7 MOpE3N  06-9Y% 91-8 € L9T'T SS JePMI  TCTC S0S€
aules Aug
00€T mopea\ Aia 008t puepam ST 8- [4 6S€ 9 S
0LL 00TT mopeal\ Aig ST (40 € L68 ST [EABIPSIN
0S0T 00ST wonpog suljes  06-9¢ 8- € v6LT (013 ihg
08T 00¢g 1e|421pos  06-9¢ 91-8 € 76€°C ot Jejam3  086°S 00Ss€
00€T mopeaN Aia 0002 MOpE3IN 1D/ 0 8- C TLT S Bp|oy  TZh'E 174743
0041 004T MOpE3N 13/ 0 0 [4 €L T s|lonbeopu3
J13usnbean|4
00€T mopea Alg  000T MOpE3IAl 19 0 8-t C €L T epjoy  ¢6¢'L vree
00€T mopea\ Alg  000¢ MOpE3IA 19/ 0 8-t C 133 [4 eploy  8S/°9T evee
- - - -0 1 6¢T [4 seAeld  95¥‘9 ree
- - - -0 T €LT 9 seAe|d
01¢ (013 e YIS ey - 0€-€1 91-v € TEY ST MUQIBA 98T Tree
- - - -0 T 413 S seAeld £€0°L ovee
09¢ 009 dJel4a] J1Ipos ST v-0 € 8G€T ot [susey
09¢ 009 92eJI91 JIpoS  09-0F 9T-v € LTST St Jzuny  p6E’E vece
[EEFE) aus  (omme/sq) WS [eoE0[053 WYS 903 MioSsEy JUSUGAWO) NN JUSUGAWO) NN N den
uononpoid |ed180]003 uoPNpoId SSOUI9/\\ O Sady 0% NN ursany

JooweN [elol
juswdojanaq 1sod juswdojanaq a.d

1led 15e3 ‘epenaN ‘AJuno) auld aMYM ‘6/Z eaJy ASAINS |10S SOYN ‘epersN Asjjea Sulids

 *d ‘SALNEGMLLY TIOS AALOATAS 40 A T4V L yaATav],



G1 98eq 110T ‘Sz ¥sn3ny

09€ 009 9e4I9LIPOS  ZI-8 v-T € qTL 0]3 Sunds3ig
ove oov ddella] dIpos €T-9 v-C € 143 S€ gundsanil  €8€C ¢19¢
00¢T ooct ulejdpool4 auljes  Qg-€T €91 € 6¢ 0¢ Mme|s
00¢t ooct ulejdpool4 auljes  Qg-€T ¥-C € 876 S9 sgopaalyl 6SH'T 0T9¢
08¢ oov woxnog suljes  06-9¢ 91-8 € 8LT ST Jg|om3
00¢€T mopealN Ala 0002 MOpea|A 19\ 0 8-v 4 99¢ o€ Ep|o)
0S0T 00ST wollog aulles  06-9% 8- € 143 St iig 9811 009¢
09¢ 009 ddedla] dIpos ST ¥-0 € 6T4°C S9 [oudey G/8‘¢€ STGE
00€T mopeaN Aig 0002 MOpes|A 19\ 0 8-v [4 9¢ T epjoy 8T9°¢ CTSE
00€T mopeaN Aig 0002 MopesN 13N 0 8-v 4 S6T 14 Ep|O)
08¢ oov MOpESN  06-9F 91-8 € 9v'T 0€ Jg|om3

aules Aig
0S0T 00ST wollog auljes  06-9% 8-v € v26't 09 g €/8% 0TSE
00¢€ 00s 9J0elI9] JIpOS  08T-06  CE-9T € ST9 ST euejaie)y
ovs 006 syoowwnH Ae|y  06-9% 91-8 € 150°C 0s oe|amM3 70TV 60S€
00T (0[0] uiseg Ae|d 19 ¢T-0 8-¢ 4 89 S wn3oH
08¢ oov MOpESN  06-9F 91-8 € VA (074 oePmM3  €9€'T 80S¢€

auljes Aug
00€T mopeaN Ailg 0002 MopesA 19N 0 8-t [4 LSY 9 EP|OX
0s0T 00sT woxpog sulles  06-9¢ 8-t € (74 0¢ g
08T (00} 1e[42IpoS  06-9t% 91-8 € 687'C o€ Jg|om3
08¢ oov MOpPESN  06-9F 91-8 € 999°C S€ papoo|4 819/ L0S€E

auljes Aug 200

‘oe|am3]
uonpnpoid |ed180]003 uonPNpoid SSOUI9/\\ }O SoadY J0% NN ursany
jJjooweN |eyor
juswdojanaq 1sod juswdojanaq a.d

1led 15e3 ‘epenaN ‘AJuno) auld aMYM ‘6/Z eaJy ASAINS |10S SOYN ‘epersN Asjjea Sulids

S *d ‘SALNEGMLLY TIOS AALOATAS 40 A T4V L SATAV],



91 93eq 110T ‘Sz ¥sn3ny

00€T mopeaN Aig 0002 MOpPE3|A 19\ 0 8- C [4) 14 ep|oy
0sot 00sT woinog aulles  06-9% 8-¥ € 6S9¢C ()14 ina
00Ss 00S§ aung 21pos ST 8- € 88¢ (013 yaimey
08¢ (0107 wonog aulles  06-9% 91-8 € €SP S€ oelamM3  ¥62°T 0LLE
ove 00t 0elI9] dIpoS  0¢-€T [40) € 618 ST Jalneln
(0)744 oot JelI9] dIpoS  0S-€T 91-8 € 1167 S€ uluag
ote (0[0)7 Je.9] JIpoS  Sh-€T -0 € ¥81°C ot ydey 6St‘S (4743
ote (0107 Jela] dIpos  08T-06  CE-9T € 961°C S8 eue@le) €85°C TGLE
00¢ 00s weo7] 08T-06 ¢€-9T € L€6C St eue@ie) /cS9 €cLe
AjjanelD asie0)
(0)744 oot 3Jella] dIpos  08T-06  CE-9T € (VA7 (013 eue|aley 8957 TCLE
09¢ 009 90BMSLOIPOS  06-9F  91-8 € 991 qT Suuids3ig
00€T mopeslN Alg 0002 MOpE3A 19N\ 0 8- C 0ze 0t Ep|O)
08¢ oot wonog aulles  06-9% 91-8 € 1SS 0Ss oe|am3l  TOT'T STLE
00¢T mopeal Alg  008C puejlam ST 8- 4 0S¢ ST Bp|o)
0sot 00sT wonog aulles  06-9% 8- € 661 (013 g
00€T mopeaN Ailg 0002 MOpPE3IA 19\ 0 8- [4 (74 St epjoy 99T c0LE
(0[0] 4 MopesiN 000T MOpE3IA aulles  06-€T 4 : € oge’s o€ J94na
aules Aig

00€T mopealN Alg  000¢ MOpeSN IS\ CT-T 8-v C 126°S SS epjoy  §9/°0T 00.L€
09¢ 009 dJelI9] JIpoS  09-0F 9T-v € S/0'T (013 J3jzuny|
(0)724 oot 3Jedua] dIpos S0 -C € 1474 13 1BWOdAS  €85°¢ 9T9¢

- - - -0 T 161 S seAe|d
09¢€ 009 9BIIDLJIPOS  ZT-8 v-T € 60C°T ov Sunds3ig
0)744 (00} JelIal dIpos  €T-9 at4 € 09€T St guudssnil  €zo’s V19¢€
(313e/5q)) 3us  [/aoe/sqq) 91IS[e3[30]0293 VS )3 Miodee) wWeuodwo) N jusuodwo) NN nun dew
uonpnpoid |edo180j003 uononpoad SSQUI9/\\  }O Soay 0% NN JO QWEN Ul S910Y

|leloL
juswdojanaq 1sod judwdojanaq aid

1led 15e3 ‘epenaN ‘AJuno) auld aMYM ‘6/Z eaJy ASAINS |10S SOYN ‘epersN Asjjea Sulids

9 *d ‘SALNEGMILLY TIOS AALOATAS 40 A T4V L 9 ATV,



L1 93ed

(0f4% 00.

00T 00T

0S0T 00ST

0S0T 00ST

00€ 00S

(0]724 00¥

00€T mopeaN Aig 0002

00¥ MOpea|N  000T
auljes Aug

0S0T 00ST

ove 0]0]7%

0724 0]0]7%

(0]724 00¥

(0]724 00%

00€T mopeaN Ailg 0002

(0]24 0]0]7%

08¢ 0]0]7%

(0]724 00¥

(31e/5q)) aus [a13¢e/sq])

uondnpo.id |edrsojod3 uonodnpoid

juswdojanaq 1sod

92e443] 21pOS
uiseg Ae|D 19M
woyo0g auljes
wolog auijes
9Je4J9] 2IpOS
9JBUID] JIPOS
MOpPE3IA I/
MOPpE3IA dulles

wo10g aules
9Je.143] 2IPOS
9oe.143] 2IpOS
3oe.143] 2IpOS
3oe.143] 2IpOS
MOPE3IA 1M

18|14 21POS
woyog auljes
3oe.143] 2IpOS

%S [€3190]033

judwdojanaq aid

1led 15e3 ‘epenaN ‘AJuno) auld aMYM ‘6/Z eaJy ASAINS |10S SOYN ‘epersN Asjjea Sulids

110T ‘ST Isndny

€ 9zT's 0]7 J3jzuny  ST8CT

14 061 € wngoH

€ L68'T (1] g zeze9

1 0LT'L 00T seheld 0£2'/

€ 8/S'T qT g

€ 80V oV eue@ie) 0¢S'0T

€ 88T 14 ydey €5/

T 68 S seheld €8/'T

z 850°T ST eploy

€ ¥9L'T 14 Jayng

€ YLTE St BlR2O S0/

€ €S 114 Jainesn

€ ¥8L o€ eue|aiey|

€ S¥0'T oY yolewez| €19°C

€ 09¢ (1]3 eue;aiey /98

1 9¢8 S seAe|d

z 9¢8 S eploy  6T/9T

1 8/T S seAeld  695°¢

T LLL S seAeld 8¥S‘ST

€ 15T o€ Jelam3

€ [4]3 09 Jejam3  €0S

€ 9 06 ulusg 91/
Kiogajey jusuodwio) AW jusuodwioy AN
SS9UI3/\\ JO SA.dY 0% NIN JOBWEeN Ul Sany

[ZT

L *d ‘SILAGLLY TIOS AALOATAS 40 A T4V L

LATav],

0c¢0s

0T0S
000S

jxany
€1y
491474

090V

SS0v
€50v

sov
TS0
0sov

1743
08L¢E

nun dew



{1 93ed

Mopes|A

aulles 1M
uiseg Ae| 19
MOpE3\ aulles

wonog auies
92e.113] 21POS

(0]0]7 MOpEeSIA 000
aules Aig

00T 00T

(0]0] 7 MOpESIA  000T
aules Aug

0S0T 00SsT

09¢ 009

(®13e/5q)) s [ane/sq)

uononpoid |ed180]003 UuoniPNpoId

juswdojanaq 1sod

¥ [€a130]033

juswdojanaq aid

c1-0
06-9%

06-9
09-0%
yvsS

8-
ce-91

8-
9T-¥
3

0T8'SPT:sa.dyY

6TV VT :S2.0Y
966°9T :S240Y

110T ‘ST 1sn3ny

salAydolealyd ‘€ Aodie) ssauian
spuejlap ‘¢ Ao3ie) ssaula M
seAe|d ‘T A1o81e) ssauldM

4 291 S8 uegol 16T 6€T9

4 649 Y4 wn8oH

€ v18 0¢ Jayng

€ ¥18 0€ Mg vTLC 0£0S

€ LST o4 Jajzuny  620°T 7208
Hgommumu ucw:omEou % u:wcomEou % Hun mm_>_
SS9UlaM\ mo S9.dy mo % niN mo oWweN ul sedy

[elol

¢ 'd ‘SALNEGIILLY TIOS AALOATAS 40 A T4V L

g ATV ],

1led 15e3 ‘epenaN ‘AJuno) auld aMYM ‘6/Z eaJy ASAINS |10S SOYN ‘epersN Asjjea Sulids



3.0 References

Cited Literature

BLM. 2011. Clark, Lincoln, and White Pine Counties Groundwater Development Project Draft
Environmental Impact Statement, Volume 1-A. DES 11-18. BLM/NV/NV/ES/11-
17+1793.

Cooper, D. J., J. S. Sanderson, D. I. Stannard, and D. P. Groeneveld. 2006. Effects of Long term
Water Table Drawdown on Evapotranspiration and Vegetation in an Arid Region
Phreatophyte Community. Internet website: www.sciencedirect.com. Journal of
Hydrology 325:21-34.

Environmental Laboratory. (1987). “Corps of Engineers Wetlands Delineation Manual,”
Technical Report Y-87-1, U.S. Army Engineer Waterways Experiment Station,
Vicksburg, Miss.

Gaus, T. 2010. Recommendations for roadside revegetation of the Texas Panhandle. M.S.
Thesis. West Texas A&M University, Canyon, TX.

Manning, Sara J. 1999. The Effects of Water Table Decline on Groundwater-Dependent Great
Basin PlantCommunities in the Owens Valley, California. In McArthur, E. Durant;
Ostler, W. Kent; Wambolt, Carl L., comps. Proceedings: shrubland ecotones; 1998
August 12—14; Ephraim, UT. Proc. RMRS-P-11. Ogden, UT: U.S. Department of
Agriculture, Forest Service, Rocky Mountain Research Station.

McLendon, T., 2011, Potential effects of change in depth to water on vegetation in Spring
Valley, Nevada: Presentation to the Office of the Nevada State Engineer: KS2 Ecological
Field Services, LLC, Anton, Texas.

Natural Resources Conservation Service, United States Department of Agriculture. 2011a.
Ecological site description. Available online at
http://esis.sc.egov.usda.gov/Welcome/pgReportLocation. aspx?type=ESD. Accessed
8/1/2011.

Natural Resources Conservation Service, United States Department of Agriculture. 2011b.
Identifying Wetland Boundaries. Available online at
http://www.nrcs.usda.gov/wps/portal/nrcs/main/?ss=16&navtype=SubNavigation&cid=n
ull&navid=140140110000000&pnavid=140140000000000&position=SubNavigation&tt
ype=main&pname=Identifying%20Wetland%20Boundaries%20[%20NRCS. Accessed
8/15/2011.

August 25, 2011 Page 19



Natural Resources Conservation Service, United States Department of Agriculture. 2011c.
PLANTS Database: Region 8 wetland indicator plants (includes Nevada). Available
online at http://plants.usda.gov/java/wetland. Accessed 8/15/2011.

Patten, D. T., Rouse, L., and J. C. Stromberg. 2008. Isolated Spring Wetlands in the Great Basin
and Mojave Deserts, USA: Potential Response of Vegetation to Groundwater
Withdrawal. Environmental Management 41:398 413.

Soil Survey Staff, Natural Resources Conservation Service, United States Department of
Agriculture. 2011a. Hydric soils. Available online at http://soils.usda.gov/use/hydric/.
Accessed 8/22/2011.

Soil Survey Staff, Natural Resources Conservation Service, United States Department of
Agriculture. 2007. Soil Survey Geographic (SSURGO) Database for White Pine County,
Nevada, East Part. Available online at
http://soildatamart.nrcs.usda.gov/Download.aspx?Survey =NV779&UseState=NV. Fort
Worth, Texas. Accessed April 24, 2007.

Soil Survey Staff, Natural Resources Conservation Service, United States Department of
Agriculture. 2011b. Web Soil Survey. Available online at
http://websoilsurvey.nrcs.usda.gov/. Accessed 8/22/2011.

USGS. 2006. Field Office Guide to Plant Species. Available online at
http://www.npwrc.usgs.gov/resource/plants/florawe/species.htm. Accessed 8/15/2011.

Welch, Alan H., Danile J. Bright, and Lari A Knochenmus, ed. 2007. Water Resources of the
Basin and Range Carbonate-Rock Aquifer System, White Pine County, Nevada, and
Adjacent Areas in Nevada and Utah: A report to Congress. Scientific Investigations
Report 2007-5261. US Dept. of Interior, US Geological Survey.

August 25, 2011 Page 20



4.0  Signature

: $/25/1/
[ !

CIiff Ldnders Date’
79 " - = .‘::‘:_I ) -
d%@éw\ §-2s-ul

Dr.Clay Robinson Date

August 25, 2011 Page 21





