EXHIBIT 86



APRIL 2010

’\I_, -
WALKER BASIN PROJECT

UNIVERSITY OF NEVADA, RENO [ DESERT RESEARCH INSTITUTE




THIS PAGE INTENTIONALLY LEFT BLANK



Restoration of a Desert Lake in an
Agriculturally Dominated Watershed:
The Walker Lake Basin

Michael W. Collopy and James M. Thomas
Project Directors

April 2010

SRl

Desert Research Institute




THIS PAGE INTENTIONALLY LEFT BLANK



EXECUTIVE SUMMARY

Walker Lake is one of three desert terminus lakes in the western US that supports a
fishery. Desert terminus lakes have no water outflow, so their size depends on the balance
between water inflow and evaporation of water from the lake’s surface. Over the past 100
years, lake levels have decreased about 150 feet, during which time the volume of the lake
has declined from about 10 million to less than 2 million acre feet. During this decline, the
total dissolved solids (TDS) of the lake have increased from about 2500 mg/I to greater than
16,000 mg/1. These changes have had far reaching impacts on the health of the lake and its
associated ecosystem, such as a significant population decline of threatened Lahontan
cutthroat trout (Oncorhynchus clarki henshawi), a subspecies that is receiving considerable
conservation and restoration attention.

Walker Lake is located in a watershed that supports significant agriculture activity.
The primary source of the lake’s water is snowmelt runoff from the Sierra Nevada
Mountains, which flows through several agricultural valleys before reaching the lake. There
are currently no water rights for the lake, so during low water years the lake receives little or
no inflow.

In an effort to restore Walker Lake, Congress enacted a law in 2005 that created a
program to acquire water rights from willing sellers in the Walker Basin. In order to enact an
ecologically and economically sustainable program of water acquisitions, a large-scale
integrated research program was established. The primary objective of this research program
was to provide the hydrologic, ecologic, economic, and agricultural data needed to inform
decisions related to water acquisitions.

LAKE AND RIVER STUDIES

One of the goals of the Walker Basin Project was to evaluate the present status of
Walker Lake and Walker River in reference to its existing limnological condition and to
evaluate changes in those conditions that may occur in response to changes in water delivery
and management practices. The aquatic reports in this volume include summaries for 10
studies conducted by more than 15 scientists, notable because it is the largest study ever
conducted examining the ecology of a mid-elevation western Great Basin river and its
terminal lake. Each report stands alone, but the strength of this volume lies in the diversity of
studies and commonality among findings through divergent methods. The integrated sum of
information is vastly greater than the total of the individual parts.

Walker Lake was monitored and sampled during 2007-2008 for the purpose of
describing current conditions and to calibrate an ecological model of lake response under
different water delivery scenarios. Water quality samples collected from several sites in the
lake were used to identify and assess ecological parameters important to lake ecosystem
health. Physical, chemical and biological datasets were developed across depth profiles over
time to explore factors governing intra-lake circulation and the resulting nutrient cycling,
summertime oxygen minima, and accumulations of deleterious substances (e.g., ammonia
and hydrogen sulfide). These data were combined with available historical data and used to
parameterize the Walker Lake ecological model. Sensitivity analysis of the model was used
to identify the factors most important to lake function and its ecological condition. These
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results, and the professional judgment of participating researchers, have resulted in
recommendations for long-term monitoring of the lake to provide a consistent and
comprehensive dataset for evaluating environmental conditions in the lake over time. These
monitoring recommendations include specific indicators that are vital to improving
diagnostic models for Walker Lake assessment and management as future water acquisitions
are evaluated.

As Walker Lake level has declined, both the chemistry and biology of the lake have
been adversely impacted. The water quality is generally poor and declining with very high
total dissolved solids (>16,000 mg/l), alkaline pH (around 9.0), and major-ion chemistry
dominated by sodium, sulfate, chloride, and bicarbonate plus carbonate. Despite low lake
levels and high salinity from reduced water inflows, Walker Lake still exhibited complete
mixing (holomixis) during the winter and stratification during the summer. Anoxic
conditions develop in the hypolimnion during the summer, resulting in high concentrations of
ammonia. The high ammonia concentrations combined with elevated phosphorus levels in
the lake produce large odiferous blooms of phytoplankton during the summer.

Observations and data analysis indicate that large nuisance blooms and deepwater
hypoxia will continue in Walker Lake as long as enhanced internal nutrient loading through
oxygen depletion in the hypolimnion continues. The volume and areal extent of the
hypolimnion oxygen depletion has decreased over time simply due to the reduction in
volume of the hypolimnion as lake level has declined. The production of organic matter
leading to the hypoxia is sustained by exceedingly high levels of phosphorous (in excess of
20 uM) which sustain the N-fixing Nodularia blooms. If the current rate of lake level decline
continues the lake may soon transition to a polymictic status. Even if the lake level rises, the
hypolimnetic oxygen depleted zone is not likely to disappear any time soon unless the
internal loading of nutrients is reduced.

Although fish species diversity is low in the lake, it did at one time support a robust
fishery. Prior to lake level decline, Walker Lake supported a large population of Lahontan
cutthroat trout, forage fish, tui chub (Gila bicolor), as well as other species. Cutthroat trout
are currently maintained by an extensive stocking program and tui chub recruitment is
limited by the saline conditions in the lake. Studies of the lake foodweb show that both
species are mostly dependent on benthic production, which is consistent throughout the
season. Pelagic production of edible phytoplankton and zooplankton is highly variable both
spatially and temporally.

Paleoecology data for the lake indicate that past fluctuation in lake elevation and
salinity occurred rapidly, possibly within several decades, particularly when the Walker
River changed course and diverted flow from or returned flow to the lake. When lake levels
rapidly recovered, certain taxa quickly colonized the lake. This rapid colonization is
evidenced by the sudden occurrence or transition of ostracode and diatom taxa in the
sediment record, suggesting that the taxa found in Walker Lake are adapted to rapid
recolonization when conditions are favorable. Walker River is the lifeline which many
Walker Lake taxa need to survive unfavorable lake conditions and it has served as such for
many tens of thousands of years. Little information is available and few studies have been
conducted on the Walker River most likely because its tremendous value in sustaining
Walker Lake taxa has not been fully recognized.
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Walker River studies quantitatively examined its physical characteristics, water
chemistry and quality, and ecology (i.e., algae, macrophytes, macroinvertebrates, and fish
communities) in different reaches of the river. These studies were designed to:

¢ define healthy and functioning conditions in the river

e predict changes in riverine ecosystems that can be anticipated from increased flow
and change in the timing of delivery from water acquisitions

e integrate this information with future hydrology studies to help develop strategies
that maximally increase ecosystem health and recreational opportunities.

Water quality, salient metrics describing physical characteristics of aquatic habitat,
periphyton, and benthic macroinvertebrates (BMIs) were sampled at eight river sites during
the spring, summer, and autumn of 2007 and 2008.

River water chemistry sampling results were compared to historical data and long-
term trends in water quality were identified. Seasonal water quality changes along the length
of the river were assessed. Mass loadings of important water quality constituents from the
Walker River into Walker Lake were calculated based on measured river flows and
constituent concentrations over the sampling period of this study. Results of this monitoring
effort provide a basis for comparison for future potential changes in river water quality as
new water acquisitions are introduced into the river. An examination of the major ions in the
river and lake show that, although the river water becomes more concentrated downstream it
is still low in TDS compared to the lake, so that an increase in stream flow would lower the
TDS in the lake.

Biomass and community composition of periphyton in the Walker River was
evaluated to establish present-day knowledge of algal taxa in different river habitats.
Standing stocks of algal biomass were present at levels that often signify eutrophic
conditions at the East Fork and Mason Valley sites. The river had high abundances of
siltation-tolerant diatom taxa with the most notable abundances (exceeding 60 percent) at site
locations farthest down the river towards the lake. The near ubiquitous presence of
filamentous green algae (especially Cladophora and Oedogonium) throughout the system
(except the West Walker) is indicative of a system having a high potential for nutrient-algal
interactions that produce oxygen slumps during the summer months. Taxonomic richness and
the community tolerance values of riffle and woody debris BMIs exhibited spatial and
temporal trends. Both metrics show that ecological health of upstream river reaches is
generally better than reaches through and below Mason Valley. Multivariate analyses found a
strong relationship among water temperature, discharge (and factors that are affected by
discharge such as current velocity, wetted width of the stream and water depth), nutrient
concentrations, and BMI community structure. These strong relationships indicate that
Walker River BMI communities are affected by activities that influence these factors,
including water management, flow reduction, and livestock grazing and BMI communities
may be useful as indicators of river pollution.

Ten species of fish were collected from eight electroshocking locations in the Walker
River. Fifty percent of the species were native, with nonnative coldwater species (brown
trout [Salmo trutta), rainbow trout [Oncorhynchus mykiss], etc.) captured in the upper river



reaches and warm water nonnative species (bass [Micropterus dolomieu], catfish
[Amereiurus nebulosus], and carp [Cyprinus carpio]) captured in the middle to lower river
reaches. Lahontan redside shiner (Richardsonius egregious), a forage fish for top predators,
was the only native fish captured across most reaches. Otherwise, larger cold water predators
(nonnative and native) such as brown trout, rainbow trout, and mountain whitefish, were
found in upper, middle, and lower reaches, but they were not necessarily found at the same
site.

The drop in Walker Lake level has caused Walker River to extend its length by about
20 km across the former lake bed. In addition to lengthening, the river has also severely
down cut in response to lowering of base level (drop in the lake level). A study of the river
using rectified aerial photographs from 1938 to the present, in combination with detailed
topography from 1995, 1997, and 2005, documented the conditions under which lateral and
vertical erosion have occurred. From 1995 to 1997, approximately 1.02 million metric tons
(MT) of sediment was eroded from the bed and banks of the lowermost Walker River (about
the last 20 km). Over the next seven years (1997 to 2005) about 430,000 MT of sediment was
eroded. During the spring 2005 runoff season, approximately 477,000 MT of sediment was
eroded and during the spring 2006 runoff season another 936,000 MT of sediment was
flushed into the lake from bed and bank erosion.

The amount of erosion in a given year is directly related to the duration of the runoff
event as well as peak discharge. A 2-D sediment transport model was used to simulate the
amount of sediment transport and vertical erosion that may occur under a variety of flow
scenarios. It is difficult to directly compare the estimates of erosion made from aerial
photography to those calculated from modeling because the former is better at documenting
lateral erosion and the latter focuses on vertical erosion. Nevertheless, the results from both
of these approaches indicate that hundreds of thousands of metric tons of sediment are eroded
from the bed and banks of the lower Walker River during an “average” runoff year, attesting
to the instability of this system. Most of this instability is concentrated in the lowermost
reaches of the river. If more flow becomes available in the Walker River in the future and the
way that the flow is delivered to the lower Walker River can be controlled, instead of
increasing peak flows down the river a more sound approach would be to increase the
duration of spring runoff events or to establish minimum base flows that cumulatively would
supply the additional water volume to the lake to minimize further erosion.

A pressing issue for the lower Walker River is the poor condition of the siphon. The
siphon is holding in place the historic head cut that migrated upstream during the 1997 flood
because of the lowering of Walker Lake from its historic high stand position in 1868. The
failure of this structure would likely allow the rapid migration of this head cut upstream
where it would threaten bridges and other infrastructure in Schurz, in addition to
destabilizing the relatively intact Walker River reach that extends from Weber Dam
downstream to the siphon. Stabilization of the siphon reach would also allow effective fish
passage.

A HEC-RAS model was developed for the upper Walker River to evaluate stream bed
and bank erosion for this part of the Walker River system. This model was run for various
flow scenarios and constitutes another project related to the river. The predicted
hydrodynamic characteristics of the flow (i.e., bed shear stress, mean velocity, water surface
elevation, Froude number and maximum channel depth) were obtained from the model. A
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number of methods were used to determine the susceptibility of sediments in the upper
Walker River to be eroded and transported under varying flow conditions, and analyses
consistently indicated that the sediments in the upper Walker River would be expected to be
actively transported under most of the flow conditions anticipated as a result of the
acquisition of additional water along the river. Model results were consistent with what was
observed in the field at each of the locations where sediment samples were collected. Even at
relatively low flow conditions, active sediment transport was visually observed. Particles
were being transported along the surface of the sediment beds. If this particle load was
determined to be detrimental to the lake, a potential solution for excessive sediment transport
into the lower Walker River would be the installation of settling basins or grit tanks in series
throughout the watershed to trap sediments being transported. Periodically, these basins
would require cleaning to remove settled materials; these collected materials could
potentially be repurposed for different types of building construction or road construction
projects.

This modeling study also predicted that most of the upper Walker River can handle
flows of up to 400 cfs (cubic feet per second) without excessive flooding, but the average
annual maximum flow of 700 cfs would result in localized flooding at a number of locations

WATER FLOW MODELS AND THE DECISION SUPPORT TOOL (DST) MODEL

A computer-based decision support tool (DST) model capable of evaluating the
efficacy of proposed water rights acquisitions in the Walker River basin was developed and
tested. This DST model represents a major step forward in understanding the complex
hydrologic relationships within the real system. Climate, streamflow, upstream storage areas,
irrigation practices, crop and non-agricultural ET, groundwater-surface water exchange in the
river corridor, groundwater pumping and recharge, and all known existing water rights
(decree, storage, and flood; as well as supplemental groundwater) all play a role in the
Walker River system and are simulated by the DST. The DST allows users to track water
from the headwaters, where streamflow originates, through the complicated deliveries and
returns in the heavily irrigated Smith and Mason valleys, to the USGS gauge near Wabuska.

Three different models were integrated to generate results for the DST project. The
USGS’s Precipitation-Runoff Modeling System (PRMS) was used to model the headwater
supply areas of the Walker River basin. It performs well in the West Walker headwaters:
timing of the annual hydrograph was well represented, although streamflow peaks were
slightly underestimated by the model. The effects of reservoir operations and diversions for
agricultural irrigation in the East Walker are not captured by the model, which causes poor
representation of annual hydrograph timing as well as overestimation of streamflow peaks for
the East Walker River. The East Walker model, or at least estimated inflows to Bridgeport
Reservoir, might be improved by simulating additional subbasins utilizing historic
streamflow data from discontinued USGS gauges.

MODFLOW is used to model the agricultural demand areas and groundwater-surface
water interaction in Mason and Smith valleys. Mason Valley, in particular, is well modeled:
low root mean square error (RMSE) values are calculated for water levels, streamflows, and
river responses. The Mason Valley groundwater model suggests that groundwater fluxes into
the river/drain network account for about 4 percent of the river’s water budget during wet
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periods, but nearly 25 percent during extended drought. Smith Valley is not modeled with the
same degree of accuracy as Mason Valley, although contrasting the two provides insight to
the system. The groundwater models are limited by their non-unique solutions, poor
representation of water levels in parts of Smith Valley, and the unknown errors associated
with the simulated groundwater-surface water interaction.

MODSIM simulates reservoir operations, streamflow routing, and water rights
allocations in the Walker River basin from the headwaters to the Wabuska gauge. Given the
complexity of the water distribution system in the Walker River basin, the results are
reasonable. The model is able to maintain target volumes in the reservoirs while supplying
water to downstream demands, which indicates that reservoir operations are simulated
realistically. Generally, simulated water allocations correspond to historical allocations
during the simulation period. In spite of the problems encountered with model calibration,
the simulation model allocates the different categories of water reasonably well.

The DST project captures the spatial and temporal complexity of relationships among
climate, evaporation, river flows, groundwater-surface water exchange along the river,
irrigation practices and groundwater pumping. It uses information gained from other
hydrologic modeling studies and incorporates state-of-the-art software and high-resolution
spatial products to enhance the accuracy of predicted hydrologic responses. The modeling
effort incorporates a geographic information systems (GIS) database of both surface and
groundwater data developed by other investigators on the project.

The geographic information system (GIS) database of vector, raster and tabular data,
developed as a separate project from the DTS described above, had a principal objective of
acquiring, developing and analyzing the requisite spatial and tabular data needed to
successfully support many of the Walker Basin Project components. In particular, a majority
of the GIS development process focused on providing data for the DST water flow modeling
effort described above. In addition to data sets for the DST, a wide variety of other spatial
data sets were developed and integrated into the GIS database in support of other Walker
projects (alternative agriculture and vegetation management; plant, soil and water
interactions; health of Walker River and Lake; economic impacts and strategies;
demographics and economic development), as well as outside entities requesting spatial data
- the United States Fish and Wildlife Service [USFWS] restoration project; Western
Development and Storage, the acquisitions team; and Jones and Stokes, the Environmental
Impact Statement [EIS] development team).

Researchers constructed an extensive GIS database of the entire Walker Basin, with
data sets from federal, state, and local agencies combined and integrated with derivative data
sets. The result is a scalable, georeferenced collection of spatial data (i.e., geodatabases,
shapefiles, rasters, and tables) representing a wide variety of spatial and temporal features, as
well as tabular information for the entire Walker Basin. The principal base layer for the
development, processing and analysis was one-foot natural color aerial photography,
complemented by six-inch resolution imagery of the Yerington area. Infrastructure data
included the Public Land Survey System (PLSS), land ownership, roads, topography and
administrative boundaries. LIDAR imagery and USGS elevational data were integrated for
groundwater modeling analysis. USDA agricultural and soils data were also integrated with
geo-referenced spatial data and from this information attribute tables were generated.
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Acquisition and development of surface and ground water data for the DST was time
consuming as information was gathered from many sources, fieldwork was required and
much of the data required digitizing or manually entering into digital format. However, the
most critical factor in the GIS database was the establishment of a minimum mapping or
modeling unit for the primary irrigation. Due to the sensitive nature of mapping at the farm
scale, a data set that operated at the scale of each group of fields linked by a common ditch
was developed for this project. This dataset is referred to as a Hydrological Response Unit
(HRU). Forty-four HRUs were defined for this project and for each HRU water right and
historic water diversion data were compiled into associated attribute tables. Tabular and
shapefile data for the GIS task are included in the report on a USB flashdrive.

The GIS database includes both surface and groundwater distribution networks and
water rights. These data were used as inputs for the DST model described above, providing
spatial and tabular data to the supply, demand, and basin management components, as well as
calibration data to assist in the validation of the models. The database might be used in the
future by resource managers and researchers for investigating hydrologic, ecological and
economical phenomena in the Walker Basin.

Another project that contributed to understanding the groundwater inflows and
outflows to the Walker River was the distributed temperature sensing project. This project is
important for understanding the hydrology of the basin and the accurate assessment and
management of its water resources. Distributed temperature sensing analysis showed the
groundwater-surface water interaction to be highly variable in both space and time. This
project found that ground water inflows and outflows to and from the river were easily
identifiable and quantifiable using the combination of the distributed temperate data and
vertical temperature measurements. The distributed temperate measurements indicate gaining
conditions over short periods of time and long spatial extent. These measurements permitted
assessment of where gains to channel flow were occurring during the limited periods with
gaining conditions. In agricultural areas, inflow zones to the river can be identified based on
temperature differences, permitting efficient sampling for determining potential salinity
loading to the river by groundwater at the resolution of individual fields and drains.

LAND USE CHANGE, VEGETATION MANAGEMENT AND PLANT SOIL WATER
INTERACTIONS

Over the past 150 years, the Walker River riparian zone has experienced massive land
cover conversion from native riparian vegetation to extensive agricultural landscapes
characterized by irrigated pastures and alfalfa (Medicago sativa) fields. Much of the historical
riparian area in the lower river was dominated by wet meadow and emergent wetland
habitats. Ninety-five percent of this habitat has been lost, but only 41 percent was directly
converted to agriculture. The rest was converted to more xeric communities. Cottonwood
(Populus fremontti) forests were not as extensive along the Walker River as they were along
the Truckee and Carson Rivers. The most extensive forest occurred at the former Walker
River delta. Now there are numerous small patches and individual trees scattered around the
former riparian zone resulting in more extensive, but also more fragmented forests. The
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dominant direction of change observed in the historical analysis indicates a riparian
environment that has become narrower, more channelized, and with reduced groundwater
availability.

Water withdrawals and diversions for agriculture have greatly reduced flows of water
to Walker Lake, influencing aquatic ecosystem integrity. River regulation and reduced in-
stream flows have altered riparian vegetation even in locations not devoted to agricultural
use. In response to recent environmental concerns, purchase of water rights from agricultural
producers is under consideration. However, past abandonment of irrigated fields in the region
has resulted in ecologically and economically undesirable effects, including surface soil
erosion, salinization, and spread of invasive plant species. Careful orchestration is required
for land use conversion to result in benefits for ecosystems and society.

The impending impact of water reallocation has stimulated renewed interest among
the agricultural sector, not only in terms of alfalfa production but also with respect to
alternative agriculture (e.g., biofuel crops and the production of low water use crops) and the
restoration of abandoned agricultural lands. A parallel concern is the response of existing
ecosystems to future changes in water availability, allocation, and management. About
50,000 acres in Lyon County are currently devoted to irrigated alfalfa production (personal
communication; Nevada Cooperative Extension, Yerington, NV). Conversion of high water
use alfalfa to lower water use alternative agricultural crops could have a significant impact on
water resources, the local economies, and ecosystem stability.

Alternative low water use crops were investigated to determine likely responses by
soils and vegetation to changes in water application and consumptive use, water table depth,
and soil salinity in three key landscape circumstances: (1) currently irrigated and peripheral
lands that may undergo lowering of water tables due to reduced irrigation; (2) the Walker
River riparian zone that presumably would undergo an increase in water table levels and a
change in the net direction of water movement with increased in-stream flows during the
irrigation season; and (3) the lower Walker River, which currently suffers from soil
salinization and infestation from invasive species. This investigation was accomplished
through the measurement of important soil characteristics and parameters, such as soil
moisture depletion and evapotranspiration, susceptibility to wind erosion, salinization,
nutrient fluxes, temperature, and organic matter content, as they relate to water treatment and
vegetative cover.

Five agricultural crops (teff [ Eragrostis tef], buckwheat [Fagopyrum esculentum],
amaranth [Amaranth hybridus x hypochondriacus], pearl millet [ Pennisetum glaucum] and alfalfa
[Medicago sativa]), nine biomass crops (switchgrass [Panicum virgatum], sand bluestem
[Andropogon hallii], Indian grass [Sorghastrum nutans], prairie sandreed [Calamovilfa
longifolia], bluestem [Bothrichloa ischaemum], tall wheatgrass [Elytrigia elongata], Basin
wildrye [Leymus cinereus], Mammoth wildrye [Leymus racemosus], and tall fescue [Festuca
arundinacea]) and five native species that can be used for re-vegetation (Indian rice grass,
Basin wildrye, Beardless wheat grass [Pseudoregneria spicata], Western wheatgrass
[Pascopyrum smithii|, and Inland salt grass [Distichilis spicata]) were tested. These alternative
crops and native species were planted at five sites under four different water regimes (0, 50,
75, and 100 percent [4 feet]). At each site, physical and chemical soil properties were
analyzed and wind erosion, precipitation, and soil moisture were quantified. In addition,
riparian zone de-nitrification was measured in the field and modeled. Finally, the ability of an



invasive species (for this experiment, tall white top) to use alternative deep water sources and
thus out compete native species was investigated.

Of the alternative low water use crops, teff and amaranth were the highest performing
annual crops, with seed production comparable to production elsewhere. Additionally, both
species produced seeds at the lowest watering levels. Although above ground teff biomass
yields were largest of the five crops, no differences in soil carbon content were found. In
addition, the higher yields for teff did not translate into increased soil carbon dioxide (CO5)
efflux rates. Effects of vegetation on nitrogen (N) fluxes were not consistent. Perhaps most
surprisingly, nitrogen (N) fluxes in alfalfa soils were not much different from switch grass
and amaranth, despite alfalfa being an N fixing species.

Warm season biomass crops were generally not as successful as cool season crops,
with the exception of old world bluestem. Additionally, bluestem was the top performing
warm season grass in the lowest watering treatment. Cool season grasses established and
grew well in both sites, and were very competitive with weeds. There was variability in
performance of some species between sites, but tall wheatgrass was consistently a top
performer, in both high and low water applications.

The establishment of multiple restoration species (a mix of native grasses and shrubs)
were evaluated for an application rate of one foot per acre and with no water application. All
native grasses established significantly better with water application, though there were
differences in rank performance between sites. Indian rice grass was the best performer at
one site, with the highest biomass and weed suppression as compared to the other grasses,
whereas beardless wheat grass was the top performer at the other restoration site. Sagebrush
survived transplanting significantly better than other species, and greasewood, although it
had low survival, had the fastest growth rate and responded the most to water addition.

Application of none and 25 percent (one acre feet of normal four acre feet) of water
for dust suppression was also evaluated for the plots. Overall, the 25 percent water treatments
were far more effective at reducing dust generation and increasing dust deposition than the
zero percent water treatments and, in some instances more so than even the controls. The
zero percent water treatments were found to be far more erosive than natural conditions.

Groundwater flow modeling, using MODFLOW, showed that the residence time of
water and nitrate removal rates are sufficient to remove nearly all nitrate from hypothetical
“slugs” of water originating from the agricultural ditches and flowing through the riparian
groundwater zone before entering the river.

Experiments with tall white top (Lepidium latifolium) show that it is able to utilize
deep water sources. This may have impacts on late season surface water availability, but in
competition experiments tall white top did not negatively impact the native grass (slender
wheat grass [Elymus trachycaulus]).

Another project examined alternative crops that would enable producers to remain
economically viable while using less water. The main crop grown in Mason and Smith
Valleys is alfalfa, which yields high prices but is a high water user. If producers plan to
continue growing crops with lower water use and potentially sell a portion of their water
rights, they would have to be able to grow a crop that uses less water, yet yields equal or
greater profits. Viable crops which merited study offer producers more than one option when
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considering alternatives. These alternative lower water use crops include onions (A//ium
cepa), leaf lettuce (Lactuca sativa), wine grapes (Vitis interspecific), teft (Eragrostis tef),
two-row malt barley (Hordeum distichum), Great Basin wildrye (Leymus cinereus), and switch
grass (Panicum virgatum). In addition to different cropping practices a no-till option was also
included models for all crops under consideration.

A combination of a crop yield model (WinEPIC) and a risk simulation model
(SIMETAR) were used for analysis and to address agronomic and economic questions.
Results showed that there are alternative crops that could be economically feasible in the
Walker Basin. For producers able to obtain funding for capital investment and who are
willing to hire additional labor, growing onions and leaf lettuce under rotation would yield
substantial returns. With no additional capital or labor, the study recommended investigating
contracts for growing two-row malt barley or Great Basin wildrye. These four crops use half
the water needed for alfalfa (two feet rather than four feet), which would potentially allow
producers to sell part of their water rights. The study also concluded that teff has potential for
profit, but switch grass was not recommended. Wine grapes have a good profit potential, but
they are demanding both fiscally and in terms of labor, and therefore require more risk-
tolerance than other crops.

ECONOMICS AND SOCIAL HISTORY

In order to quantify any economic impact to the Walker Basin as the result of water
right acquisitions, the current economic and demographic characteristics of the communities
within the Walker Basin had to be developed and analyzed using local, state, and federal
databases and geographic information systems software. Although agriculture is a
predominant and traditional industry in the Walker Basin, employment and industry totals
indicate a diverse economy. Almost a quarter billion in taxable sales is generated in the
Walker Basin, with the majority of sales coming from retail industries. Another $58 million
in revenue is estimated to be generated from crop production in Mason and Smith valleys
(Lyon County) from production on more than 50,000 acres. Current and future residential
and commercial construction activity is mostly targeted for populated areas in the basin and
is consistent with the current economic conditions.

The acquisition of water rights that have historically been used for agriculture could
have a variety of economic and fiscal impacts in the Walker Basin. Cost and value for a
number of crops, including alfalfa and onion, which are the main crops in the Walker Basin,
as well as alternative crops (as discussed above), were assessed in conjunction with estimated
reliability of water rights offset against hypothetical water rights sale income. Four scenarios
related to how water rights might be acquired, along with the resultant potential uses for the
land following water rights acquisition, and estimates of economic and fiscal impacts for
those scenarios were evaluated. The four scenarios include: (1) agricultural land taken
completely out of production (returned to native vegetation); (2) existing crop rotations and
farming practices are altered to save water; (3) alternative crops that require less water are
cultivated; and (4) other (non-agricultural) sources of water rights are purchased. Based on
these scenarios, the study examined the potential economic impacts in the Walker Lake Basin
assuming that sufficient water flows into the lake to save and maintain a fishery. Three
different scenarios of the overall economic impact in Mason and Smith Valleys were
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evaluated using different figures for acres taken out of production, modified crop rotations,
and alternative low water use crops. Two scenarios indicate a projected loss to the regional
domestic product, whereas the third scenario showed a positive economic impact to the
region. The study concludes that the economic impact to the region is highly dependent upon
where and how water rights are acquired and what happens to the land associated with the
water right. A risk fund to assist farmers and reduce the perceived risk of growing alternative
crops is suggested, in association with agricultural and business technical assistance
programs.

Based on input received at community meetings, this project also makes some
recommendations regarding economic development efforts in the Basin that would be
consistent with the desire of citizens in the communities and that might tend to offset any
economic dislocations that could result from the acquisition of water rights.

A social and political historical account of water rights acquisitions in the Walker
Basin for ecosystem restoration will be published as a book when the overall water rights
acquisition program is completed. Currently three chapters are completed; “Changing
Contexts in Western Water Policy;” “The Past as Prologue—the Walker River Basin;” and
“P. L. 109-103 and the Walker Basin Project.”

WILD HORSES AND BURROS

Wild horse and burro policy is currently driven by several goals that include the
mitigation of damage to rangeland, the commitment to humane treatment of the animals, and
the control of regulatory costs.

A study undertaken as part of the Walker Basin Project investigated alternative
auction strategies that potentially could increase adoption rates of wild horses. Placing
animals with private owners and raising revenue from the distribution of the horses
complements all the goals of the current wild horse and burro policy. Forty experimental
auctions for three alternative packages of goods were conducted. The auction items were
comprised of: (1) hiking equipment, (2) an Apple iPod and speaker system and (3) high
quality wines. Auction participants were provided with alternative low and high information
about the goods offered. Two types of auctions were evaluated, a sequential or good-by-good
method and a right-to-choose method, in which the highest bidder wins the right to choose
from among the goods that are available. Results of auction type analysis indicate that
revenues from the sequential method were slightly higher, but not statistically different from
those generated by the right-to-choose strategy.

The wild horse and burro policy study also employed stochastic simulation
procedures to provide wild horse adoption decision makers with a range of potential revenues
for wild horse adoptions. This range of revenues combined with capital and operation cost
estimates of a potential wild horse and burro interpretive center provides decision makers
with information as to potential distribution of net returns. From the distribution of net
returns, decision makers could decide on construction and operation of a national wild horse
and burro interpretive center in a risk adverse vantage.
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Introduction

Walker Lake is one of three desert terminus lakes in the United States that support a
fishery. Over the past 100 years, lake levels have declined about 140 feet and the volume of
the lake has decreased from, about 10 million to less than 2 million acre feet. During this
decline the total dissolved solids (TDS) of the lake have increased from about 2,500 mg/I to
greater than 15,000 mg/l. These changes have had far reaching impacts on the health of the
lake and its associated ecosystems. High TDS values have resulted in significant population
declines of threatened Lahontan cutthroat trout (LCT), a subspecies that is receiving
significant conservation and restoration attention.

Walker Lake is located in a watershed that supports significant agriculture activity.
The source of the lake’s water comes primarily from snowmelt runoff from the Sierra
Nevada, which flows through several agricultural valleys before reaching the lake. There are
currently no water rights for the lake, so during low water years the lake receives little or no
inflow from the Walker River.

In an effort to save Walker Lake, Congress enacted a law in 2005 (i.e., H.R. 2419
Energy and Water Development Appropriations Act, 2006, Section 208), that created a
program to acquire water rights from willing sellers in the Walker Basin. In order to enact an
ecologically and economically sustainable program of water acquisitions, a large-scale
integrated research program was established. The goal of the Walker Basin Project was to
provide the hydrologic, ecologic, economic, and agricultural data needed to inform decisions
related to water acquisitions. This report is the product of the research program that was
developed in response to direction provided in this federal legislation Specifically, Desert
Research Institute and University of Nevada, Reno faculty were funded to: (1) develop a
method to optimize the purchase of water rights in the Walker River Basin, (2) evaluate
options for practicing alternative agricultural practices, and (3) evaluate the impacts that
water removal from crop-irrigated lands will have on the spread of invasive plants, aquatic
and terrestrial ecosystems, and the local economy.

This document is divided into 10 sections, each representing a major research
component of the overall project. Throughout the study period, project leaders met monthly
to share updates, coordinate logistics, and ensure ongoing integration of the overall research
effort. The relationships between these component studies are depicted below, along with a
brief description of the activities of each study component.

Once the draft reports were completed by the component study leads, the project co-
directors (M. Collopy and J. Thomas) obtained independent external peer reviews from
subject matter experts for each of the completed report sections. Then report authors revised
their respective documents, based on the review comments provided, and documented how
they responded to each of the review comments. The peer reviewer comments and the
authors’ responses to those comments are compiled in a chapter at the end of this document.
The Bureau of Reclamation (BOR) granted two of the studies (Alternative Agriculture; Plant,
Soil and Water Interactions) no-cost extensions through December 2009, so data for a second
growing season could be obtained prior to finalizing their reports. While a preliminary report
for each of these two studies is included in this report, they were not externally peer
reviewed. That review will take place in the fall of 2009, in advance of submitting the final
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reports for these two studies to BOR. It is our intention to submit those documents as an
Addendum to this final report.

The component studies of the overall project were developed as standalone reports,
thus many of the component study reports contain similar background and introductory
material. This material was included so that the individual reports could be read as
standalone sections without having to read other parts of the overall report.

WALKER BASIN PROJECT
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PROJECT DESCRIPTIONS

A HEALTH OF WALKER RIVER AND LAKE.

This projece will evaluace and escablish 2 benchmark for the
environmeneal and ecological healch of Walker Lake and
Walker River. Diecision cools will be developed to analyze che
efficacy of different warer acquisitions for improving future
ecological integrity of Waller Lake and Walker River.

B. ALTERNATIVE AGRICULTURE AND
YEGETATION MAMAGEMEMT. This project will
idencify the economic potential and culeural praceices
necessary for low-warer-use crops with che aim of
minimizing wacer use, soil erosion and evaporation from
soil surfaces, In addicion, che research will evaluate methods
oo re-establish desirable vegeration in areas that may be
affeceed by changing agricultural practices and to ancicipate
vegetation responses under scenarios identified chrough
modeling effores

C. PLANT, SOIL AND WATER INTERACTIONS.
This project will assess likely responses by soils and
vegeration to changes in water applicarion and use.
Informartion on the impacts of changes in water rable

and seream elevation on soil physical and chemical
propercies, including wind erosion, nutrient cyaling and sale
accumulacion, will 2id managers in the preservation of air and
water qualicy adjacent co and wichin the river and lakee itself.

D PROJECT HISTORICAL ACCOUNT. This project
will provide an overview of che politizal and historical
context in which che acquisition of land and associated
water rights for ecosystem rescoration in the Walker

River syscem occurs, Key components inchade arid land
agriculeurs, multi-stace involvement and urban /roral
incerface issues,

E. HEALTH OF RIVEER. CHANMEL AND LAKE
WATER WITH INCREASED FLOWS. This project
will develop a sec of recommendations to minimize furcher
sediment and salt koading to Walker Lake and degradation

to the lower Walker R iver under increased water fows. Thess
recommendacions will be made available to land and water
managers o assess pocential impacts resuleing from variaions
in How, water quality and channel geomecry on the cranspore of
sediments and on the How capacity of the Walker R iver.

TR navada .Bd'l.lj"w&] l(ﬂ‘l'

F. WATER FLOW MODEL. This projece will develop
1 decision-suppore ool oo evaluace the effecciveness of
proposed acquisitions of water rights from willing sellers
to increass water delivery co Walker Lake. The tool's warer
tlow model will include aspects of climace and evaporation

from different wacer sources,

G. WATER COMSERVATION PRACTICES FOR
AGRICULTURE PRODUCERS. The project will
determine the mose economically effective use of water on
agriculrural lands and provide producers wich an estimate
of che potential amount of wacer righes chey may be able to
offer o the markee for lease or sale.

H. ECOMNOMIC IMPACT AND STRATEGIES. This
project will develop estimares of che economic impaces
projeceed to aceur from che acquisition of water rights

and changes in agriculeural production and land use. The
project will also formulace economic development actions
to mitigace che projected economic and fiscal dislocations.
One benefic of this research will be to idencify appropriace
sustainable economic development actions and related
public palicy alternatives.

I GIS DATABASE DEVELOPMENT. This project
will develop a geographic information spstems (GIS)
framewark for linking warer rights wich water distribution
necwaorks and poines of diversion for the Walker Basin, The
resulting GIS database may be used to assess how water and
land acquisitions will affect the encire Walker Basin system.
The economic component of this project will develop a GIS
database of propercies, businessss and local demographics in
close proximity to the Walker River and its tributaries.

J. WILD HORSE AND BURRO MAREKETING. The
project will determine which characteristics of wild horsss
and burros increase adopeion races. It will also invescigace
alcernative auction procedures which could increass
adepeion cates and simultaneously increase revenues o

support wild horse and burro programs.
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INTRODUCTION

Walker Lake became the southernmost embayment of Nevada’s Lake Lahontan
about 14,000 years ago when waters rose above 4,271 feet (1,302 m) mean sea level
(msl) at the Adrian Valley sill north of Wabuska [Figure 1] (Benson and Mifflin 1986).
This elevation is corrected for isostatic rebound and tilting. This high stand of Lake
Lahontan occurred sometime between 14,500 and 13,000 yr B.P. (before present) and
may have lasted less than 200 years (Benson 1991). Climate conditions providing greater
effective moisture (precipitation minus evaporation) were responsible for high lake levels
at this time.

The elevation of Walker Lake in December 2007 was 3,934 feet msl, a difference
of over 337 feet between this highstand and today. Highstand Walker Lake was fresh
with a total dissolved solids (TDS) possibly as low as 500 milligrams per liter (mg/L). In
December 2007 Walker Lake TDS was ~ 16,000 mg/L. At times during the last 30,000
years, however, Walker Lake was shallow and much more saline than today with TDS
possibly as high as 100,000 mg/L (Benson 1991, Benson et al. 1991, Bradbury et al.
1989).

Changes in river volume and, therefore, lake volume can create different river and
lake ecosystems. Lopes and Smith (2007) report lake elevation has not exceeded
4,120 ft-msl during the last ~10,000 years. This finding is consistent with Adams (2007)
who reports that lake elevations fluctuated about 180 feet during the last ~3,500 years
and that during this time period four episodes of deep water occurred. Yuan et al. (2006a)
also report deep and shallow lake stands during the last ~2,700 years. Ecosystems
resulting from different lake elevations have different physical attributes, processes, and
biota. What triggered these substantial fluctuations in Walker Lake’s elevation? On what
timescales has the lake changed? What ecosystems have resulted from changes in lake
and river volume? How can this information be used to aid management decisions?

Decadal to millennial change in the elevation of Walker Lake resulted from three
processes: change in climate, change in the course of the Walker River, and modification
of the hydrology of the Walker Basin caused by humans. These processes affect lake and
river ecology on different timescales.

Climate affects the river and lake on both short and long timescales. Periods of
drought can last seasons to centuries. Pluvial (wet) periods can last tens of thousands of
years during glacial climates or decades during cool and wet climate episodes within
overall drier climate regimes. When climate is cool and wet relative to today precipitation
is greater than evaporation and more water is available to lake and river ecosystems.
When climate is warm and dry like our current climate has been for the last ~ 10,000
years, precipitation is often less than evaporation and less water is generally available.

Present-day climate at Walker Lake is arid with hot summers. The Sierra Nevada
create a rain shadow to their east which decreases precipitation as storms move from west
to east across the mountain range. Substantial seasonal and diurnal temperature
fluctuation, common to desert environments, occurs at elevations near Walker Lake.
Temperatures at Hawthorne, Nevada, (elevation 4,220 feet), range from an average



maximum temperature of 71° F to an average minimum temperature of 41° F. Average
annual precipitation at Hawthorne is less than 5 inches (51-year record; WRCC, 2006).
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Figure 1. Pleistocene Lakes in the Western Great Basin and other localities mentioned in
text (from: Reheis 1999, http://pubs.usgs.gov/m{/1999/mf-2323/mf2323.pdf).



Climate has been responsible for swings of hundreds of feet in the elevation of
Walker Lake. Climate influence on Walker Lake is a product of the interplay of
snowpack (river discharge) in the Sierra Nevada, and temperature, evaporation, and
humidity at Walker Lake. For example, if snowpack in the Sierra Nevada were extensive
(creating high river flow in spring and summer) and temperature at Walker Lake were
low, lake levels would be high (assuming no agricultural use of water). If snowpack in
the Sierra Nevada were moderate (creating moderate or low river flow), but temperature
at Walker Lake remained very low, lake levels could remain relatively high because
evaporation would be reduced. This last scenario may have occurred in Walker Lake’s
pre-history.

The course of the Walker River also affects the elevation of Walker Lake. The
Walker River makes a 180 degree bend near Wabuska in Mason Valley. An old river
channel heading in a northwesterly direction through Adrian Valley (Figure 1), however,
likely carried the Walker River away from Walker Lake and into the Carson Sink at times
in the past (King 1993, 1996, Yuan et al. 2006a, Adams 2003, 2007). During the time(s)
that the Walker River flowed through the Adrian Valley, Walker Lake was very shallow
or possibly dry.

For the purposes of this report, the exact timing of lake levels (discussed in
Benson 1991, Benson et al. 1991, Bradbury et al. 1989, Adams 2003, 2007, and Yuan et
al. 2004, 2006a, 2006b) is secondary to what we can learn about the Walker Lake
ecosystem during times of different lake elevations. This discussion will compare what is
known about taxa inhabiting low-water-saline to high-water-fresh Walker Lake
ecosystems.

Humans began affecting the river and lake in 1852 when Walker River water was
diverted for irrigation of agricultural lands (Horton 1996). Lands irrigated for agricultural
production increased from 0 acres in 1850 to approximately 110,850 today (Pahl 1999).
The operation of Topaz and Bridgeport Reservoirs allows farmers in Smith and Mason
valleys to extend their growing season until late September and October which alters the
natural hydrograph of the Walker River and the amount of water flowing into Walker
Lake. Groundwater pumping in Smith and Mason valleys began in the 1960s and has
since depressed the aquifer’s water table, resulted in a net increase in recharge from the
Walker River to the aquifer, and created a net decrease in stream flow passing the
Wabuska stream gage located just upstream from the Walker River Paiute Reservation
(Horton 1996, Sharpe et al. 2008). These modifications, not drought, have decreased the
elevation of Walker Lake from approximately 4,083 feet in 1882 to 3,934 feet msl in
December 2007 (Milne 1987, Beutel et al. 2001). The 149 foot elevation decrease
concomitantly decreased lake volume from approximately 9.0 to 1.7 million acre-feet and
increased TDS from an estimated 2,500 to approximately 15,995 mg/L.

This chapter will focus on the paleoecology of Walker Lake rather than the
Walker River because little information exists on the ecology of the Walker River. The
river section of this report is the first comprehensive study on the physical characteristics,
biota, and health of the Walker River. Past variability and ecosystem change in Walker
Lake, however, indicates that the Walker River is the lifeline for lake taxa. Therefore, a
healthy Walker River is the key to long-term species survival in Walker Lake.



PREVIOUS RESEARCH

The first study to collect comprehensive physical and biological data in Walker
Lake was conducted by DRI researchers between May 1975 and May 1977 (Koch et al.
1979, Cooper and Koch 1984). Numerous data sets were collected every two weeks or
monthly for two years and are extremely valuable because they record Walker Lake biota
and processes when the lake TDS were at ~ 10,300 mg/L. Horne et al. (1994) sampled
Walker Lake between 1992 and 1994. Horne sampled one day each in July and October
1992, in March, April, July and September 1993, and in February and May 1994. These
data, not taken as regularly at the previous study, record Walker Lake at ~ 12,500 mg/L.
Subsequent lake studies include Beutel (2001) who sampled water quality and
chlorophyll-a monthly at two locations from October 1992 to September 1993 and
January 1995 to December 1996. Beutel also monitored zooplankton from 1992 to 1996
at one or more lake locations. In the summer of 1998 water profiles and undisturbed
sediment-water interface samples were collected (Beutel 2001).

The Walker Lake Fishery Improvement Team (WLFIT) includes representatives
from the Walker River Paiute Tribe, Nevada Department of Wildlife, and U.S. Fish and
Wildlife Service. The WLFIT began a 5-year monitoring program in 2006 designed to
evaluate the response of water quality, benthic invertebrates, macrophytes, the
zooplankton community, tui chub, and Lahontan cutthroat trout to fluctuating lake
environment and seasonal inflow to Walker Lake. The WLFIT has been monitoring
benthic invertebrates in the near-shore areas quarterly since 2006 and is collecting
temporal and spatial data to assess current conditions in the river and lake. Additionally,
the six locations monitored and reported on in this report are also monitored monthly by
the WLFIT. These studies as well as quarterly monitoring by the Nevada Division of
Environmental Protection beginning in 1992, monitoring and reports compiled by the
Nevada Department of Wildlife for the Walker Lake fishery beginning in 1958, and
Lahontan cutthroat trout data collected by the U.S. Fish and Wildlife Service are crucial
to our understanding of lake processes and changes on seasonal to decadal time scales.

Projects focusing on the ecology of the Walker River and its tributaries are few.
Samples of water, bottom sediment, and biota were collected during the summers of 1994
and 1995 from sites on the Walker River to assess environmental quality (Thodal and
Tuttle 1996). A study of mercury in 12 fish and 29 aquatic invertebrates and sediment
from 19 sites in the Walker River Basin was conducted by Wiemeyer (2002). Leach and
Benson (USGS) measured chemistry of the river at numerous locations during high and
low flow periods and demonstrated the problem with irrigation return as a pollutant. In
2006 the U.S. Fish and Wildlife Service commissioned a study by Otis Bay, Reno,
Nevada, to complete surveys for vegetation, avian, herpetological, and aquatic
invertebrate abundance and richness and geomorphic and geologic characteristics along
the Walker River.

The river and lake, however, operate on many timescales, from diurnal to
seasonal to millennial. It is important to become familiar with past environments of
Walker Lake and the Walker River because the past provides us with the additional
knowledge to make informed management decisions.



THE GEOCHEMICAL HISTORY OF WALKER LAKE

Walker Lake provides a clear example of how solutes (ions) within a water body
can change with continued evaporation and, as a result, alter lake environment and
habitat. Changes in major ions [Ca, Mg, K, Na, SO4, Cl, HCO3(COs3)] can affect the
occurrence of certain taxa just like TDS and temperature. Changes in solute composition
were called solute evolution by Jones (1966). Eugster and Jones (1979) provide a detailed
discussion of solute evolution as a consequence of evaporation and mineral precipitation,
as well as other processes. Forester (1983, 1987, 1991) discusses how solute evolution
affects the distribution of ostracodes and Sharpe and Forester (2008) discuss how solute
evolution affects the distribution of mollusks. Solute evolution may affect other taxa as
well.

Briefly, solute evolution occurs as follows. The TDS along a solute evolutionary
climate or hydrologic gradient will commonly increase more or less in a linear fashion.
As solutes are concentrated in the water column due to processes such as evaporation,
calcium (Ca) and bicarbonate/carbonate ([HCO;(CO3)] referred to as alk, for alkalinity,
hereafter) reach saturation at ~ 200-300 mg/L TDS (Figure 2) because each ion is a
relatively insoluble mineral compared to halite or gypsum. Note that 200-300 mg/L TDS
is the high percentage interval in the Figure 2 data array. After this interval, the Ca and
alk in the water column decrease because calcite is precipitating and other ions are
concentrating. When calcite precipitates, Ca and alk are removed in equal equivalents.
Either Ca or alk are lost (depleted) from solution relative to the other depending on the
initial alk to Ca ratio. The colored bars in Figure 2 are discussed below.

Calcium plus alk depletion commonly occurs at TDS levels between ~ 1,000 to
2,000 mg/L (Figure 2). At TDS levels greater than ~2,000 mg/L, Ca plus alk are no
longer dominant, therefore higher-TDS waters are dominated by ions other Ca or alk.
Note in Figure 2 that Walker Lake is shown in blue triangles and the 1882 value occurs
just beyond the Ca plus alk depletion zone of ~ 1,000 to 2,000 mg/L. All other values
(1937-2003) occur well after Ca plus alk depletion. These values fall into the zone where
Ca plus alk are no longer dominant in the water column. The ions currently dominating
Walker Lake are sodium and chloride. In 1882, and in periods of fresher water (lower
TDS), Walker Lake had Ca plus alk values over 50% (Figure 2). Between 1941 to
~ 1975, with ongoing evaporation and low inflow, the Ca plus alk value drops to just
below 30% and after 1975 the Ca plus alk value drops to less than 20% (Figure 2). This
simplified scenario does not account for non-equilibrium processes, species of calcium
precipitated, or calcium complexed to other chemical species, but it does illustrate that
the ions in Walker Lake have changed over time.
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Figure 2. The solute evolution process. Diamonds show the ratio of Ca plus alk to TDS
of 631 aquatic locations included in the North American Non-Marine
Ostracode Database (NANODe) (Forester et al. 2005). Blue triangles show
Walker Lake values. The two clusters of blue Walker Lake triangles are
artifacts of the years data were collected (a data gap). Calcite saturation (the
maximum percentage of Ca plus alk commonly occurs at about 200 to 300
mg/L TDS, the high-point of the curve. At saturation, Ca and alk are removed
in equal equivalents while other ions remain in solution, so it is at this point
that the curve begins to decline. As the percent of Ca plus alk to total ions
decreases, the concentration of other ions is rising because of evaporative loss
of water. Between approximately 1,000 to 2,000 mg/L TDS Ca plus alk (taken
together) are no longer dominant solutes. Beyond this TDS range, the solutes
are dominated by ions other than Ca or alk and, commonly, either Ca or alk is
depleted from solution. Blue bar denotes fresh water, orange bar denotes
moderate salinity water, and red bar denotes high salinity water. Bar widths
are illustrative; they vary in width and overlap based on biota and water
geochemistry specific to location.

Figure 3 tracks individual ions in Walker Lake through time. Note that alk
(HCO:s) is always greater than Ca. This is because inflowing Walker River waters contain
much greater alk relative to Ca (Humberstone 1999). Because alk and Ca are precipitated
first, because they are precipitated in equal equivalents, and because Walker Lake
initially had greater alk relative to Ca, Ca will be depleted relative to alk with continued
evaporation. Figure 3 shows that over time, calcium is depleted and the remaining ions
values increased. Also, the spread among all ions has increased relative to initial values.
Therefore, in addition to TDS change, the ionic composition of Walker Lake today is
vastly different from 1882 values. The changes noted in Figure 3 are the result of water



withdrawn from the Walker River for agricultural use. This solute evolution process
however, also occurs naturally with increased or decreased inflow and evaporation based
on climate change or river diversion. When fresh water is input, the process reverses.

In 1882 Walker Lake was transitioning from waters dominated by alk and calcium
to waters dominated by other ions. This major shift in ionic composition (not just TDS)
can be one of the primary factors affecting the occurrence of taxa.

Solute evolution at these TDS concentrations creates three generalized solute
fields: (1) Ca and alk in roughly equal proportions below ~ 2,000 mg/L (type 1 solutes);
(2) alk enriched and Ca depleted above ~ 2,000 mg/L (type 2 solutes); and (3) alk
depleted and Ca enriched above ~ 2,000 mg/L (type 3 solutes) (Figure 4). Type 1 is
common to freshwater and types 2 and 3 to saline waters, although dilute waters can have
solute compositions common to types 2 and 3 (see Sharpe and Forester 2008). Walker
Lake is (and always will be) type 2 because its waters have greater alk relative to Ca
(Figure 3). The colored bars in Figure 4 are discussed below.
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Figure 3. Walker Lake Solute Change 1882-2003. The 1882 HCO; and K values are
estimated from Russell 1885 (see Rush 1974). Other measurements are taken
from Rush (1974), Boyle Engineering (1976), Benson and Spencer (1983),
Nevada Department of Wildlife, and Nevada Department of Environmental
Protection. Na and K are graphed together beginning in 1992. These data are
not collected after 2003. Water samples were taken at different seasons of the
year and in different areas of the lake, yet trends are apparent.
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Figure 4. Walker Lake Alkalinity to Calcium Ratio 1882-2003. Diamonds, triangles,
calcite saturation, and bars are shown as in Figure 2. These data are not
collected after 2003. Three hydrochemical fields result from solute evolution:
the alk [HCO3(COs) = Ca] field with a TDS below ~ 2,000 mg/L (type 1
water, yellow); the alk [HCO;(CO3) = Ca] > Ca field with a TDS greater than
~ 2,000 mg/L (type 2 water, pink); and the alk [HCO3(CO3) = Ca] < Ca field
with a TDS greater than ~ 2,000 mg/L (type 3 water, green). Additional
hydrochemical fields occur in the solute evolution process at higher TDS
levels (Jones, 1966; Eugster and Jones, 1979) but they are not discussed here.

THE TAXA OF WALKER LAKE

Sediment cores taken from Walker Lake by the U.S. Geological Survey during the
1970s and 1980s provide valuable biotic (diatom, ostracode, brine shrimp, and pollen)
and abiotic (sediment structure, composition, pore water, stable isotope, and
geochemical) data used to reconstruct the past environments of Walker Lake (Benson
1988, Benson 1991, Benson et al. 1991, Bradbury 1987, Bradbury et al. 1989) for the last
~ 30,000 years. Mixing of sediments may have occurred in part of one core and hiatuses
in sediment deposition were noted, so the exact timing of certain events is not precisely
known. Another set of cores taken in 2000 record the last ~ 2,700 years (Yuan et al.
2004, Yuan et al. 2006a, Yuan et al. 2006b). All in all, these sediment cores provide a
relatively robust record for Walker Lake and clearly show that the lake can change
relatively rapidly in volume and, thus, from one ecosystem to another.
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Changes in inflow to Walker Lake affected the occurrence and abundance of
Walker Lake taxa through both geochemical and physical processes. Geochemical
processes such as lake water composition (ionic constituents) and concentration (TDS)
and physical processes such as temperature, stratification, dissolved oxygen, light
penetration and nutrients directly affected the occurrence and distribution of
phytoplankton (algae and diatoms), zooplankton, ostracodes, brine shrimp, mollusks, and
fishes. Biologic and geochemical evidence from the USGS Walker Lake sediment cores
indicate that the lake TDS ranged from ~ 500 to possibly as high as 100,000 mg/L in the
past and taxa moved in and out of this system as TDS and lake processes changed.

A listing of selected taxa from published literature is shown in Table 1. If a genus
drops from the record in this table, it could mean that (1) it occurred but was not
abundant, therefore, not recorded; (2) it was extirpated (no longer exists) in Walker Lake;
(3) it was not preserved in the record; or (4) the sampling design was not intended to
collect that particular taxon. Therefore, when a particular genus drops out of the record,
we cannot be sure of its absence. The taxa in Table 1 are from published peer-reviewed
literature only, so this table does not represent other times in the lake’s history or other
studies. Additionally, the large time blocks (e.g., ~5,000 to historic time) encompass taxa
that may have existed during either high or very low lake levels. Taxa within these large
time blocks did not all exist at once in the lake. They are included so that a general
presence-absence comparison may be made.

Table 1.  Selected Walker Lake taxa through time.

~30,000- | ~25,000- [~ 10,000-| ~5,000 yr | Pre- | 1975- | 1992- | THIS
TIME PERIOD 25,000 | 10,000 (5,000 yr| B.P.to |1963° | 1978 | 1996° [STUDY
yr B.P.*'lyr B.P.*'| B.P.*' | historic
time*'?

Phytoplankton

Bluegreen Algae

Amphithrix janthina

Anabaena inaequalis

Anabaena sp.

Anacystis sp.

Calothrix parietina

Calothrix sp.

Chroococcus sp.

Dermacapsa sp.

Entophysalis sp.

Gomphosphaeria sp.

Lyngbya sp.

Microcystis aeruginosa

Microcoleus lynagbyaceus

ol Ea R T E T Pl il Pl Pl il el Pl el e

Nodularia (spumigena) crassa

Nodularia sp. X X

>~

Schizothrix calcicola
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Table 1.  Selected Walker Lake taxa through time (continued).

TIME PERIOD

~30,000-
25,000
yr B.p.*!

~25,000-
10,000
yr B.p.*!

~10,000-
5,000 yr
B.P.*!

~5,000 yr
B.P. to
historic
time*1?

Pre-
1963°

1975-
1978*

1992-
1996°

THIS
STUDY

Schizothrix

Spirulina subsalsa

Spirulina

Synechococcus aeruginosa

<[

Synechococcaceae

Green Algae

Botryococcus braunii

s

Botryococcus sp.

Cladophora glomerata

»

Cladophora sp.

Dunalliella sp.

Elakatothrix gelatinosa

Gongrosira

Qocystis sp.

Planktospheria sp.

AR Ll b

Spermatozopsis sp.

Ulothrix aequalis

o

Ulothrix cf. aequalis

>

Ulothrix cylindricum

Diatoms

Achnanthes sp.

o

Amphora ovalis

o

Anomoeoneis costata

Anomeoneis sphaerophora

Caloneis schumanniana

Ceratoneis (Hannaea) arcus

Chaetoceros elmorei

[ [ [R

Chaetoceros sp.

Cocconeis placentula

s

Coscinodiscus sp.

>

Cyclotella kutzingiana

Cyclotella meneghiniana

Cyclotella quillensis

o

o

Cyclotella ocellata

Cymatopleura sp.

Cymbella spp.

Diatoma vulgare

Diploneis sp.

X[ [ (R
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Table 1.  Selected Walker Lake taxa through time (continued).

TIME PERIOD

~30,000-
25,000
yr B.p.*!

~25,000-
10,000
yr B.p.*!

~10,000-
5,000 yr
B.P.*!

~5,000 yr
B.P. to
historic
time*1?

Pre-
1963°

1975-
1978*

1992-
1996°

THIS
STUDY

Entomoneis sp.

Epithemia turgida

Fragilaria vaucheriae

Frustulia rhomboides

Gomphonema lanceolata

Melosira distans

Meridion circulare

ol el el Rt Ll ke

Navicula subinflatoides

Navicula spp.

o

Nitzschia sp.

Rhoicosphenia curvata

Rhopalodia musculus

[P

Stephanodiscus excentricus

Stephanodiscus niagarae

Stephanodiscus rotula

Surirella nevadensis

X< A

X< A

Surirella striatula

Synedra ulna

>

Tabellaria sp.

Zooplankton

Copepods

Acanthocyclops (Cyclops)

Ceriodaphnia quadrangular

Diaphanosoma

Leptodiaptomus (Diaptomus)

<<

Rotifers

Brachionus spp.

Hexarthra fennica

Hexarthra spp.

Lucane spp.

Cladocera

Alona guttata

Moina hutchinsoni

|Ostracodes

Candona caudata

Candona sp.

Limnocythere bradburyi

>

o

Limnocythere ceriotuberosa
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Table 1.

Selected Walker Lake taxa through time (continued).

Rhinichthys osculus (speckled dace)

~30,000-|~25,000- [~ 10,000-| ~5,000 yr | Pre- | 1975- | 1992- | THIS
TIME PERIOD 25,000 | 10,000 (5,000 yr| B.P.to | 1963’ | 1978* | 1996° |STUDY
yr B.P.*!lyr B.P.*!| B.P.*' | historic
time*1?
Limnocythere sappaensis X X
Brine Shrimp
Artemia X X
Amphipods
Hyallela azteca X
Chironomids X
Chironomus X
Pelopia
Damselflies/Dragonflies X X
Enallazma sp. X
Mollusks
Anodonta sp. X
Gyraulus parvus X
Helisoma newberryi X
Helisoma trivolvus X
Physella sp. X
Pisidium sp. X
Pyrgulopsis nevadensis X
Aquatic Grass
Ruppia sp. X X
(1885-
Fish 1910)°
Cyprinus carpio (common carp)** X
Archoplites interruptus (Sac. X
Oncorhynchus clarki henshawi XoHH* stocked | stocked | stocked
Catostomus tahoensis (Tahoe X X
Siphatales (Gila) bicolor (tui chub) X X X X
X

X indicates taxa recovered from lake at that time. Bold X indicates taxon was abundant.

*not all species present consistently through entire time period. Time periods encompass many different lake

environments.
**introduced.

***native strain extirpated in lake; current LCT are stocked.

1 Bradbury et al. 1989.

2 S.E. Sharpe, unpublished data.

3 Cooper and Koch 1984, Koch et al. 1979, Ting, unpublished data (see Koch et al. 1979).
4Cooper and Koch 1984, Koch et al. 1979, Osborne et al. 1982.

SHorne et al. 1994, Beutel et al. 2001.

6 Brussard et al. 1996.
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It is important to remember that the record of taxa recovered in cores is
incomplete and not representative of all the taxa in the lake because of differential
preservation and sampling techniques. The sediment record favors those taxa with
resistant coverings such as diatoms and ostracodes. It is also possible that some taxa
recovered from lake cores were transported to the lake from the river and then
incorporated into lake sediments. However, Bradbury et al. (1989) compare different
climate and environmental proxy data such as geochemical measurements from the same
core intervals and climate and hydrology records near Walker Lake to support the
conclusion that the taxa listed were living in the lake at that particular time.

No-analog situations between past and present may exist. A no analog situation is
one where an assemblage of taxa found in the past is not known to occur together today.
For example, the ostracode, Limnocythere bradburyi, was recovered in two different
intervals in the Walker Lake record. Today this ostracode occurs primarily in central
Mexico and is found in the U.S. only in southernmost Arizona (Forester et al. 2005).
Climatic, hydrologic, and limnologic conditions very different than today existed for
periods allowing this ostracode to live in Walker Lake. Some taxa may be able to
recolonize Walker Lake after extirpation but others may not if past physical and
geochemical conditions are not recreated.

High Salinity Alkaline Waters

Periods of very high salinity with alkaline (alk relative to Ca) water occurred at
~2,100 and >4,650 "*C age B.P. (Benson 1991, Benson et al. 1991, Bradbury et al. 1989).
Diatoms Anomoeoneis costata and Navicula subinflatoides, ostracode Limnocythere
sappaensis and pellets of brine shrimp (4rtemia sp.) were recovered at these same core
depths in Walker Lake sediments indicating shallow, saline water (Bradbury et al. 1989).
All these taxa are tolerant of high salinity waters and N. subinflatoides and Artemia
monica currently inhabit Mono Lake where TDS can exceed 100,000 mg/L. Walker Lake
was likely surrounded by marshes and salt flats during these time periods evidenced by
the pollen of Cyperaceae (sedge) and Sarcobatus (greasewood) recovered from these
same core depths. This shallow, saline lake ecosystem may have experienced rapid
fluctuations in depth and in area of open water because of its small volume. The lake,
between ~ 2,500 and 2,150 years B.P., may have been less than three feet deep and
reduced in volume by 98% and areally by 93% from the 1968 size (see Bradbury et al.
1989). TDS during these low stands may have been as high as 60,000 or 100,000 mg/L,
similar to Mono Lake in salinity and ionic composition.

High salinity alkaline Walker Lake waters can result from climate or diversion of
the river. The climate scenario for high salinity alkaline waters is nominal snowpack in
the Sierra Nevada and low river flow. Nominal precipitation and moderate temperature at
Walker Lake likely occurred or alternately, moderate precipitation and high temperature
at Walker Lake occurred, resulting in low effective moisture at the lake. The river
diversion scenario for these saline waters is extensive snowpack in the Sierra Nevada.
Adams (2003) calculates that the inflow to Carson Lake would have to increase by a
factor of at least four to produce late Holocene Carson Lake levels even when the Walker
River was flowing to Carson Sink. High to moderate precipitation would likely occur at
Walker Lake associated with the Sierra storm tracks. Taxa capable of moving upriver as

15



lake conditions became inhospitable likely did so. Taxa living in the river recolonized the
lake when inflow once again reduced lake TDS levels.

Figures 2 and 4 (red bar) show the area of high salinity alkaline waters. If Walker
Lake were to continue to evaporate it would fall below 10% Ca plus alk and move toward
the red bar in Figure 2. With increased TDS the Walker Lake alk to Ca ratio would
further increase the amount of alk relative to calcium, thus moving Walker Lake values
toward the top right corner of Figure 4.

Moderate Salinity Alkaline Waters

Periods of moderate salinity occurred during transitions from low to high water or
vice versa. Diatoms Stephanodiscus excentricus, Surirella nevadensis, Cyclotella
meneghiniana, Chaetoceros elmorei, and Cyclotella quillensis and ostracode
Limnocythere ceriotuberosa are representative of a moderate-salinity eutrophic lake and
inhabited Walker Lake at different intervals from about 4,650 (Bradbury et al. 1989)
prior to historic lake drawdown. Botryococcus, often common in this type of
environment, was recorded by Bradbury et al. (1989) between ~ 4,300 and ~900 '*C age
B.P. Botryococcus was recorded in 1975-1977 by Cooper and Koch (1984) but is absent
or rare in Walker Lake today.

The taxa S. excentricus, S. nevadensis, and C. quillensis occurred in Pyramid
Lake in the 1920s when it had a salinity of ~ 3,500 mg/L (see Bradbury et al. 1989). C.
elmorei was the predominant diatom collected by Koch et al. (1979). They state that C.
elmorei TDS range is large: from ~ 400-30,000 mg/L. The presence of L. ceriotuberosa
implies that the lake bottom was at least seasonally oxygenated. L. ceriotuberosa is the
only abundant ostracode living in Walker Lake sediment today (Bradbury et al. 1989).

The diatom and ostracode taxa suggest that the lake fluctuated between ~ 2,000-
5,000 mg/L. TDS during this time period (Forester et al. 2005). The high-end range of
moderate salinity alkaline waters is greater than 10,000 mg/LL TDS and would contain a
different assemblage of taxa than the lower TDS value. Based on salinity, geochemistry,
and taxa, Walker Lake today is transitioning from a moderately salinity alkaline water
(on the high end) to a high salinity alkaline water (on the low end).

The climate scenario for moderate salinity alkaline waters is moderate to low
snowpack in the Sierra Nevada, moderate to low river flow, and moderate to low
precipitation at Walker Lake. Alternatively, if moderate precipitation occurred in the
mountains but temperature at Walker Lake was high, evaporation would increase. These
waters could also occur if diversion of the Walker River was not rapid or diversion was
partial (as suggested by Yuan et al 2006a), allowing some water to flow into the lake.
These waters would also occur on a transition from very saline to fresh water.

Walker Lake currently contains moderate salinity alkaline waters resulting from
agricultural diversions. Figure 2 shows moderate salinity alkaline waters to the right of
the depletion zone (~1,000-2,000 mg/L) where alk plus calcium are no longer dominant
(orange bar). Figure 4 shows moderate salinity alkaline waters (orange bar). Note that the
1882 Walker Lake value is within the orange bar in Figs 2 and 4. Subsequent Walker
Lake values are to the right of the orange bar. Geochemically, moderate salinity alkaline
waters can encompass much greater TDS values than contained within the orange bars.
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The TDS of the orange bars is based on the modern requirements of taxa recovered from
Walker Lake core sediments.

Fresh Waters

When Walker Lake is deep and fresh, the diatom Cyclotella ocellata and
ostracode Candona caudata occur. C. ocellata is found in Lake Tahoe and in the
epilimnion of other cool oligotrophic freshwater lakes. The presence of C. caudata
implies that TDS was below 2,000 mg/L (Forester et al. 2005). Stable isotope values of
unrecrystallized carbonates (Benson et al. 1991) indicate Walker Lake was rising when
C. ocellata first appeared in the record (~ 4,800 '“C age B.P.), and approached and
reached a steady state condition when C. caudata entered the record (~ 4,700 *C age
B.P.). Walker Lake TDS was probably below 1,000 mg/L at times during the last 5,000
years (late Holocene highstands) and it may have averaged as low as 500 mg/L during
these highstands (R.M. Forester, personal communication). Two diatoms, Stephanodiscus
niagarae and Stephanodiscus rotula occurred in Walker Lake when the lake was slightly
more saline, but still considered relatively fresh.

The climate scenario for fresh waters is high snowpack in the Sierra Nevada and
high river flow. High to moderate precipitation at Walker Lake would likely occur and
evaporation on the lake surface would be offset by inflow. Walker Lake waters have not
been fresh during the historic period. Figs. 2 and 4 show where fresh waters occur (blue
bar). This area is just after Ca and alk saturation (200-300 mg/L) but before Ca or alk
depletion.

Historic Change in Taxa

Blue-green algae and diatoms comprised over 99% of the total phytoplankton
numbers sampled in 1975-1977 and blue-green algae alone made up 97% of this sample
(Cooper and Koch, 1984). The blue-green algae, Nodularia (spumigena) crassa, has
dominated the blue-green algae assemblage for more than the last 30 years (Table 1). The
green algae, Cladophora glomerata, was dominant in the 1975-1977 study and was
collected in the 1990s and in the present study. Chaetoceros sp. was found in the lake
prior to 1963 and was collected in this study. C. elmorei was living in Walker Lake
during at least seven intervals of moderate salinity water during the last ~ 5,000 years
(Bradbury et al. 1989). It was the dominant diatom during the 1970s.

Two species of copepods, Ceriodaphnia quadrangular and Diaphanosoma
leuchtenbergianum no longer live in the lake because of the elevated TDS (Dickerson
and Vinyard 1999). Leptodiaptomus (Diaptomus) sicilis and Acanthocyclops (Cyclops)
vernalis have been recorded in the lake prior to 1963 and are recorded in this study. L.
sicilis declined 50-70% in abundance between 1977 and 1994 (Horne et al. 1994). The
rotifer Hexarthra fennica was first recovered in the 1990s and was a dominant species at
that time. It was also recovered in this study. Cladoceran Moina hutchinsoni has lived in
the lake for at least the last 45 years and was also recovered in this study. Amphipods
were not recovered from the lake in 2003 or 2004 (NDOW, 2005) nor in this study.

Historically, four native species of fish inhabited Walker Lake: Lahontan
cutthroat trout, LCT (Oncorhynchus clarki henshawi), tui chub (Gila bicolor), speckled
dace (Rhinichthys osculus), and Tahoe sucker (Catostomus tahoensis) (Sigler and Sigler
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1987, LaRivers 1962, Brussard et al. 1996). Speckled dace have not been collected since
before 1963 and Tahoe sucker have not been collected since the mid 1970s. Tui chub is
the only native fish (defined as the strain that evolved in Walker Lake) remaining in
Walker Lake. LCT are native to Walker Lake, however, the stocked fish are not the
original Walker Lake native strain and, so, are considered by many not native. Two
introduced fish species, the common carp (Cyprinus carpio) and the Sacramento perch
(Archoplites interruptus) were extirpated from the lake by about 1963 (Cooper and Koch
1984).

DROUGHT CONDITIONS AT WALKER LAKE

Two intervals of low Walker Lake levels are documented during the last 2,000
years (Benson et al. 1991, Yuan et al. 2004, Adams 2003). Bradbury et al. (1989) report
two intervals in the last ~2,100 years that contain the saline-tolerant ostracode
Limnocythere sappaensis. The interval at ~ 2,100 years ago also contains brine shrimp.
Bradbury et al. (1989) report an older saline episode containing brine shrimp at slightly
greater than 4,700 *C age B.P. The modern physical tolerances of the other taxa
recovered suggest high salinity waters during all three of these intervals.

Low levels and high salinity of Walker Lake have been attributed to both drought
conditions and the diversion of the Walker River through the Adrian Valley (Figure 1).
Benson et al. (1991) report that Walker Lake was shallow and saline at ~ 2,000 and ~
1,000 yr B.P. and that desiccations of Walker Lake since 21,000 yr B.P. resulted from the
diversion of the Walker River. Adams (2003) reports lowering of Walker Lake levels at ~
1500-1000 and 500-300 cal yr B.P. associated with the diversion of the Walker River
(Adams 2007).

Bradbury et al. (1989) argue that drought conditions, not diversion, caused
shallow, saline Walker Lake conditions between ~2,400 and 2,000 yr B.P. They do not
report a later low stand. Yuan et al. (2004) report that substantial multicentury droughts
occurred between AD 900 and 1100 (1038 and 838 cal yr B.P.) and AD 1200 and 1350
(740 and 550 cal yr B.P). They argue that the Walker River was not diverted from Walker
Lake during the last 1,200 years so these droughts were climate controlled. Mensing et al.
(2008) report two extended droughts at Pyramid Lake ending at 800 and 550 cal yr B.P.
Graham et al. (2007) report generally arid conditions with episodes of severe centennial-
scale drought in the western and central U.S. between 500 and 1350 A.D. Although dates
of drought from these various climate proxy records are not consistent, they do indicate
that severe, long-term drought episodes existed in the past.

Stine (1994, 2004) provides evidence for climate controlled low lake stands in the
central Sierra Nevada. Upright and rooted stumps in and adjacent to the West Walker
River, Mono Lake (Figure 1), Owens Lake (south of Bishop, California) and Tenaya
Lake, Fallen Leaf Lake, Independence Lake, and Osgood Swamp (all located in the
central Sierra Nevada) were once trees growing in sites that today are too wet to support
their growth. For example, under natural conditions (excluding human drawdown of lake
elevation) stumps at Mono Lake would be submerged under 50 feet and stumps at Walker
Lake would be submerged under 140 feet of water. Tenaya Lake currently has rooted
stumps beneath 70 feet of water and Fallen Leaf Lake has rooted stumps under tens of
feet of water. Radiometric dates (Stine 1994, 2004) from these localities are grouped in
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two intervals in Medieval time: more than 200 years prior to ~ AD 1100 (~ 1038 to 838
cal yr B.P.) and more than 140 years prior to ~ AD 1350 (~ 740 to 550 cal yr B.P.).

Stine documented 104 rooted stumps in the West Walker River Canyon
approximately three miles north of the junction of Highway 395 and Highway 108
(Sonora Pass road, Figure 1). These trees date to either of the two medieval drought
intervals. Stream flow must have been much less than present to allow these trees to grow
in the lowest areas of the narrow canyon floor. Stine ruled out piracy of the West Walker
River, so the Walker River likely flowed in near these trees toward Walker Lake during
these time periods. It is possible that the Walker River was diverted through Adrian
Valley during these low-flow periods. It is also possible that the Walker River flowed
into Walker Lake and that inflow was not sufficient to exceed evaporation during these
drought periods.

Relatively good concurrence exists for a climate-induced severe, century-scale
drought between ~ 1,038-838 and ~ 740-550 cal yr B.P. (Yuan et al. 2004, Stine 1994,
Mensing et al. 2008) supporting the hypothesis that low Walker Lake levels at these
times were climate controlled. Evidence also exists for drought conditions at ~ 2,000
years ago (Mensing et al. 2008) indicating that this earlier Walker Lake low stand may
also have been climate controlled.

The widespread distribution of stumps dating from these two drought periods, as
well as other drought proxy data, suggest drought conditions on at least a regional scale.
The magnitude of these droughts exceeded both the Dust Bowl and recent drought
periods; these droughts lasted from decades to centuries (Stine 1994, Mensing et al.
2008). The evidence for past century-duration drought in the Great Basin suggests that
climate-induced, severe, long-term drought will undoubtedly affect future Walker Lake
levels and salinity. Given this probability, it is critical that Walker Lake taxa are allowed
to move upriver when drought conditions occur or they may be extirpated, even if TDS
levels have been lowered relative to current measurements.

RIVER CONDITIONS

The record over the last 30,000 years suggests that many species enter and leave
the lake ecosystem depending on their ecological tolerances to the physical conditions of
the lake. The taxonomic record indicates that species of phytoplankton, diatoms,
zooplankton, ostracodes, brine shrimp, and fishes have been able to move back into a
system where they have previously been rare or extirpated. Recolonization mechanisms
for these taxa include transport by wind or waterfowl, persisting in refugia such as at a
groundwater discharge site within the lake or leaving the lake to live in appropriate
reaches of the Walker River.

The Walker River once provided a stable refugium for taxa. Lahontan cutthroat
trout and tui chub could inhabit and reproduce in river waters when lake conditions were
unfavorable. They could migrate back to the lake when hospitable conditions returned.
The river, however, has been modified from its prehistoric conditions by the construction
of dams (e.g., introducing barriers, changing the seasonal river hydrograph, and increased
water temperature in certain reaches), introduction of non-native fish (competition and
predation), introduction of plant species, removal of water for irrigation, and decrease in
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water quality resulting from agriculture. The river is no longer a healthy, natural
ecosystem available to host taxa that must leave the lake or die when conditions are
unfavorable. Until the river can again act as a refugium, many taxa, particularly fish,
requiring less saline lake conditions will likely not be able to naturally recolonize the lake
when salinity decreases.

CONCLUSION

Knowledge of the long-term record of Walker Lake ecosystems can aid current
management decisions. The paleoecological record shows:

1. The depth and salinity of Walker Lake naturally fluctuated from fresh and deep to
very shallow and saline. Lake elevation fluctuated as much as 180 feet during the
last 5,000 years (Adams 2007). The TDS in Walker Lake may have been as high
as 100,000 mg/L when brine shrimp inhabited the lake to as low as 500 mg/L
when the lake was deep (Bradbury et al. 1989). Currently Walker Lake is 149 feet
below its historic high elevation with a salinity of ~16,000 mg/L. The lake
environment and many of its taxa are adapted to substantial variation in depth and
salinity. This is good news for management because large lake fluctuations
resulting from acquisitions should not pose problems to taxa. The natural system,
however contained a healthy, unobstructed river which served as an escape route
and habitat for many taxa when the lake became inhospitable. Management of the
Walker Lake ecosystem must include restoration of the river so that taxa can
move upriver when lake conditions deteriorate or they will likely be extirpated
from the lake.

2. The geochemistry of Walker Lake changed over time not only in TDS, but also in
the relative abundance of ions. This affected the distribution and occurrence of
certain taxa. The good news for management is that with increased water flowing
to the lake, or greatly decreased evaporation or both, this process will reverse and
TDS and ionic strength will decrease. Increased inflow from the Walker River
relative to today is needed to help reverse the solute evolution process.

3. Past fluctuation in lake elevation and salinity occurred rapidly, particularly when
the Walker River changed course and diverted flow from or returned flow to the
lake. Bradbury et al. (1989) suggest that the lake transitioned from low and saline
to high and dilute within several decades. This information suggests that if water
acquisitions result in substantial inflow in short periods of time, it would not be
uncommon to the Walker Lake environment. This is helpful for management and
water release decisions because the time frame for acquisitions could be within a
short time frame, from years to decades.

4. Certain taxa quickly colonized the lake, evidenced by the sudden occurrence or
transition of ostracode and diatom taxa in the sediment record. This suggests that
the taxa found in Walker Lake are adapted to rapid recolonization when
conditions are favorable. However, it is essential that particular taxa are able to
migrate up and live in a healthy Walker River so that they can return to the lake
when conditions are favorable. This finding is significant because it underscores
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the value of a healthy, passable (e.g., temperature, depth, obstacle, and cover)
river that taxa can use as a conduit to provide suitable habitat.

5. Long-term decadal to centennial drought in the future is likely because droughts
of this magnitude and duration occurred in the past. The Walker Lake ecosystem
will again be compromised if severe, long-term drought conditions occur. The
Walker River should be restored to provide a usable escape route and healthy
habitat for species until drought conditions abate.

It is ironic that this chapter and almost all previous work have focused on the lake
ecosystem because so many different aspects of the past record imply that the Walker
River is the key to species survival in Walker Lake. The river, not the lake, is the stable
ecosystem that many taxa require in a highly variable environment such as Walker Lake
and the river should be the focus of restoration efforts. As river health is restored, lake
health will follow. The Walker River currently appears to be considered only a pipeline
to deliver more water to Walker Lake. Instead, the river is the lifeline Walker Lake taxa
need to survive unfavorable lake conditions and it has served as such for many tens of
thousands of years. Little information is available and few studies have been conducted
on the Walker River most likely because its tremendous value in sustaining Walker Lake
taxa has not been fully recognized.
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PROJECT A: INSTREAM AND LAKE AQUATIC HEALTH INTRODUCTION

Similar to other Great Basin aquatic systems, streams, rivers, and lakes in the
Walker River Basin have been altered from historic conditions by a number of factors.
Hydrology has been altered by diversion for agriculture, diversions have decreased
annual inflow into Walker Lake, and the historic native fish community consisted of eight
species, including the threatened Lahontan cutthroat trout, and now includes five
additional sport species that have reduced the abundance and distribution of native fishes.

A number of studies have examined Walker Lake fishes, and its ancient, historic
and current limnology. In contrast, few biological studies have considered the river and
there is little information available to assess how its aquatic life responds to human
activity. During 2007 and 2008, a number of studies were conducted by Desert Research
Institute and University of Nevada, Reno scientists to compile existing ecological
information for Walker Lake, recommend salient factors to monitor Walker Lake
limnology and track spatial and temporal variability in its environment and biota, and
assess how life in the river is affected by human activity and may respond to increased
discharge. These studies provide information to facilitate the decision making process by
describing how these systems will respond to increased flow into Walker Lake.

Findings from these studies are presented in two reports, Part [ addresses Walker
Lake work and Part II discusses Walker River studies. These reports include summaries
for 10 studies conducted by more than 15 scientists, and it is notable because it is the
largest study ever conducted to examine the ecology of a mid-elevation western Great
Basin river and its terminal lake.

Lake studies compiled available water quality and ecological information from
existing and previous work to determine appropriate indicators of lake condition. Water
quality was sampled to identify relevant ecological aspects of algal, invertebrate, and fish
communities to determine a baseline ecological condition (production and food web
energetics). This database includes all historical Walker Lake information, and, to
facilitate information access to outside agencies and the public, it also includes all Walker
River data accumulated during 2007 and 2008. The database includes greater temporal
and spatial detail than previous compilations. Also included is a statistical analysis to
assess the current lake condition from available indicators. Salient elements of an
effective monitoring program to best define current and future lake conditions using
appropriate indicators are also presented. A sampling and analysis plan is also included to
guide programs that accomplish these goals in a statistically defined framework suitable
for modeling predictions of lake condition. Implementing this plan will provide
information showing important trends and rates of change in the environmental condition
of Walker Lake that can be identified early and statistically tracked over time.

Studies in the river (Part IT) quantitatively examined physical characteristics of
the river (e.g., discharge, substrate characteristics, depth, current velocity, etc.), its water
chemistry and quality, and its ecology (i.e., algae, macrophytes, macroinvertebrates, and
fish communities) at eight sites from Schurz to the base of the Sierra Nevada Mountains.
This work provides information describing spatial and temporal variability in
environments, periphyton, fish, and macroinvertebrates. This work identifies



environmental factors that are most important to structuring communities and they show
that communities change in response to factors that are associated with discharge (e.g.,
water depth, current velocity, water temperature, etc.) and elevated nutrients.
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EXECUTIVE SUMMARY PART I: WALKER LAKE

Walker Lake is currently experiencing a long-term lake level and volumetric
decline due to diminished water delivery. One of the goals of the overall Walker Basin
project is to evaluate the present status of the lake in reference to its existing limnological
condition and to evaluate changes in those conditions that may occur in response to
changes in water delivery and management practices. Therefore, Walker Lake was
monitored and sampled during 2007— 2008 for the purpose of describing current
conditions and to calibrate an ecological model of lake response under different water
delivery scenarios. Water quality samples collected from several sites in Walker Lake
were used to identify and assess ecological parameters important to lake ecosystem
health. Physical, chemical and biological datasets were developed across depth profiles
over time to explore factors governing intra-lake circulation and the resulting nutrient
cycling, summertime oxygen minima, and accumulations of deleterious substances (e.g.,
ammonia and hydrogen sulfide). These data were compiled with available historical data
and used to parameterize the Walker Lake ecological model. Sensitivity analysis then
identified the factors most important to lake function and its ecological condition. These
results and the professional judgment of participating researchers have contributed to
recommendations for long-term monitoring that would provide a consistent and
comprehensive dataset on environmental conditions in the lake over time, including
specific indicators vital to improved diagnostic models for Walker Lake assessment and
management as future water acquisitions are introduced.

Data were obtained from sources including: the Nevada Department of
Environmental Protection (NDEP), the Nevada Department of Wildlife (NDOW), the US
Geological Survey (USGS), the Desert Research Institute (DRI), and the University of
Nevada, Reno (UNR). (A special thanks goes to these organizations for their assistance
and provision of data.) Some organizations have ongoing sampling programs at Walker
Lake; at the time of writing, data in the database were the most currently available.

The overall database structure considered compilation of information and efficient
queries. Data for Walker Lake were diverse with respect to factors including: time
sampled, location sampled, groups collecting samples, and parameters that were sampled
for. Because so many organizations were represented, the format of data varied widely. In
order for the data and database to be a useful tool, structure of the database considered
questions that users might ask Conducting queries to answer such questions required the
database to be relational and for the data to be normalized.

The information collected through historical and contemporary Walker Lake
monitoring efforts was incorporated into an ecological model. The objectives of the
model were to 1) integrate historical and contemporary monitoring data; 2) inform future
monitoring strategies; and 3) provide a tool for testing the impacts of potential water
management strategies on the limnology of Walker Lake. This model is summarized in a
basic description of the modeling techniques, input data, calibration methods, and results.
Recommendations for reducing uncertainty in model forecasts through future monitoring
and research activities are also provided.

Observations, data and analysis indicate that large nuisance blooms and
deepwater hypoxia will continue as the Walker Lake system is in the midst of the



successional processes that enhances internal nutrient loading through oxygen depletion
in the hypolimnion that then causes further enhancement of the blooms. The volume and
areal extent of the hypolimnion oxygen depletion has decreased simply due to the
reduction in the volume of the hypolimnion as water levels have declined. The production
of organic matter leading to the hypoxia is sustained by exceedingly high levels of
phosphorous (in excess of 20 uM) sustaining the N-fixing Nodularia blooms. Given the
trajectory of water decline the lake could soon make the transition to a polymictic status.
In the event water management creates a situation where water levels may rise, the
hypolimnetic oxygen depleted zone is not likely to disappear unless means are found to
minimize the internal loading of nutrients.
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A.1: CONTEMPORARY LIMNOLOGY OF WALKER LAKE, NEVADA

Contributing Authors: Alan Heyvaert, Sudeep Chandra, Chris Fritsen, Ron Hershey,
Duane Moser, Mark Stone, James Bruckner, Alexandra Lutz, Jeramie Memmott,
John Umek, Jim Thomas

ABSTRACT

Walker Lake is currently experiencing a long-term lake level and volumetric
decline due to diminished water delivery. One of the goals of the overall Walker Basin
project is to evaluate the present status of the lake in reference to its existing limnological
condition and to evaluate changes in those conditions that may occur in response to
changes in water delivery and management practices. Therefore, Walker Lake was
monitored and sampled during 2007 and 2008 for the purpose of describing current
conditions and to calibrate an ecological model of lake response under different water
delivery scenarios. Water quality samples collected from several sites in Walker Lake
were used to identify and assess ecological parameters important to the lake ecosystem
health. Physical, chemical, and biological datasets were developed across depth profiles
over time to explore factors governing intra-lake circulation and the resulting nutrient
cycling, summertime oxygen minima, and potential accumulations of deleterious
substances (e.g., ammonia and hydrogen sulfide). These data were compiled with
available historical data and used to parameterize the Walker Lake ecological model.
Sensitivity analysis then identified the factors most important to lake function and its
ecological condition. These results and the professional judgment of participating
researchers have contributed to recommendations for long-term monitoring that would
provide a consistent and comprehensive dataset on environmental conditions in the lake
over time, including specific indicators vital to improved diagnostic models for Walker
Lake assessment and management as future water acquisitions are introduced.

INTRODUCTION

The main goal of the Walker Basin Project is to halt the volumetric decline of
Walker Lake (Figure A.1.1) and thereby restore to the greatest extent possible its ecology
and fishery to historic conditions. Assuming that increased deliveries of water to the lake
are achieved, the existence of a detailed dataset of physical, chemical, and biological
variables will be essential for assessing the success of such endeavors. Whereas a great
deal is known concerning the physical structure and biogeochemical function of
temperate lakes, Walker Lake is unusual in several ways, so additional knowledge may
be required to predict the recovery responses of this lake. Most notably, Walker Lake is
one of only a few large, moderately saline, terminal lakes in the world, and is therefore
more vulnerable to increases in solutes than the more common flow-through type of lake.
Higher salinity in Walker Lake resulting from increased desiccation in the last century
threatens the survival of native trout (Oncorhynchus clarki henshawi), even when stocked
into the lake by management agencies, as well as the natural recruitment of native forage
fish such as tui chub (Siphateles bicolor).
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Figure A.1.1.  Walker Lake level as measured by the USGS at a location on the west
end of the lake, 1930 to 2007. This plot depicts mean annual lake level,
based on measurements taken approximately every month.

Although the success of larger organisms at the top of the Walker Lake food web
is the benchmark against which success or failure of restoration activities will be judged,
the vastly more abundant algae, zooplankton, and microorganisms that form the bulk of
the trophic pyramid are the major drivers of ecosystem function. There are more than a
million microorganisms per milliliter of Walker Lake water, and as such, their diversity
and activity in many ways control the suitability of the lake for higher life forms. The
most fundamental impact on any lake from microorganisms is the balance between
production and consumption of molecular oxygen. In Walker Lake, following the onset
of summer stratification, microbial activity consumes all or most of the dissolved oxygen
in deeper portions of the water column (the hypolimnion), rendering most of this
otherwise permissively cool region uninhabitable to fish and other aquatic fauna.
Additionally, following the onset of anoxia (deficiency in oxygen), other microbial
reactions lead to the production and potential accumulation of toxic ammonia and
hydrogen sulfide, which can stress fish populations that are already squeezed by
temperature constraints into a narrow zone at the bottom of the oxic (oxygenated) layer
(Figure A.1.2).
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Figure A.1.2.  Generalized representation of thermal stratification as it occurs in
freshwater lakes. Anoxia in the hypolimnion and increased temperature
and salinity in the epilimnion greatly reduces the zone of habitability for
fish in Walker Lake. It is estimated that during summer stratification
there is an approximately 1-meter deep region of the lake just above the
hypolimnion (represented in green) that remains habitable for the lake’s
indigenous fish populations.

It has been suggested that historically Walker Lake’s hypolimnion did not become
anaerobic (absence of free oxygen) in the summertime (Beutel and Horne, 1997; Beutel,
2001). In recent decades, however, this condition has become the normal situation. In
which case, the interplay between physical and chemical changes to the lake may become
more intimately linked to the activity of water-column microorganisms. By triggering a
simple shift from oxic/aerobic to anoxic/anaerobic conditions, the oxygen-consuming
microorganisms in Walker Lake effectively reduce the (macro)-biologically-available
volume (habitat) of the lake by approximately one-half. To date, no significant study of
the Walker Lake microbial community has been performed. Thus, almost nothing is
known about the microorganisms that consume oxygen in Walker Lake, or about the
biogeochemical and limnological conditions likely to result once this change has
occurred.

Water rights acquisitions along the Walker River are intended to increase average
annual flows into Walker Lake for the purpose of providing a sustainable restoration of
the lake’s ecological health. As inflow volumes increase, however, many important water
quality characteristics are likely to change over time. Therefore, a lake water quality
sampling program was implemented by the Desert Research Institute (DRI) and the
University of Nevada, Reno (UNR) to help evaluate the current conditions and to help
establish a baseline for water quality parameters that may change as inflow volumes
increase (Table A.1.1). Data from these studies and from previous monitoring and
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assessment work at Walker Lake were compiled into a searchable database that was used
to calibrate and test an ecological model of the lake. Upon further refinement, the
ecological model will ultimately be capable of forecasting limnological conditions under
a wide range of future scenarios. Because the development of future streamflow
predictions is still ongoing as a deliverable from other work-group units on the Walker
Lake Project, only hypothetical flow scenarios were investigated here.

Table A.1.1. Summary of data collected and available in the database, showing overall
periods of record and reporting organizations. Additional information and
data sources are provided in Appendices to the Walker Lake Database
User Manual (Lutz and Heyvaert, this volume).

Begin Date Most Recent Date Parameter(s): Primary Reporting
Organization(s):

8-Sep-1882 1-Dec-2007 Lake Level Various

24-Jun-1999 2-May-2008 Profile Including: Barometric DRI, NDEP, NDOW,

Pressure, Conductivity, DO, ORP, USGS, UNR
PAR, pH, Salinity, TDS,
Temperature, Turbidity

17-Jan-1995 18-Dec-1996 General Constituents, Nutrients Beutel

7-Mar-2007 4-Dec-2007 General Constituents, Major lons, DRI
Nutrients, Metals

29-Aug-1990 4-Mar-2008 General Constituents, Major lons, NDEP
Nutrients, Metals

8-Sep-1882 26-Jun-1995 General Constituents, Major lons, Historical
Nutrients

DO: dissolved oxygen; ORP: oxidation-reduction potential; PAR: photosynthetically active radiation;
DRI: Desert Research Institute; NDEP: Nevada Division of Environmental Protection; NDOW: Nevada
Department of Wildlife; USGS: U.S. Geological Survey; UNR: University of Nevada, Reno.

METHODS/APPROACH

Walker Lake has been sampled at a variety of locations. The most commonly
sampled locations are shown on Figure A.1.3. Sportsman’s Beach, also known as WL1,
has a relatively longer record, having been sampled since 1990. The most frequently
sampled site is WL3, representing the center of the lake. Profile monitoring or sampling
of the water column has been conducted at a variety of locations, though most commonly
at WL2, WL3, and WL4. Site WL6 is located just offshore from where Walker River
discharges into the lake.

Available records from the Nevada Department of Environmental Protection
(NDEP) reflect sampling events taking place from 1990 into 2008. During that time,
NDEP sampled sites WL1, WL2, WL3, WL4, and WL6. Most profiles were conducted at
WL2, WL3, and WL4 for conductivity, DO, pH and temperature. NDEP also collected
information on general constituents, trace elements, nutrients, bacteria, and major ions. In
the Federal Aid Job Progress Reports for Walker Lake, NDEP reports water quantity and
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quality, limnological and biological conditions, angler use and success, fish population
and zooplankton monitoring, and stocking assessment of the Lahontan Cutthroat Trout
(LCT). Other available records reflect water column profiling events taking place from
2004 into 2008 by the Nevada Department of Wildlife (NDOW) and intermittent
monitoring from 2002 by the U.S. Geological Survey (USGS).

Figure A.1.3.  Established Walker Lk liological sampling points used by various
groups represented in the Walker Lake Database (there are no records for
sampling at WL5).

Five locations were monitored by DRI and the University of Nevada, Reno at
regular intervals (4 to 6 weeks) between March 2007 and December 2007, as well as in
May 2008 and September 2008, to capture seasonal variability in water quality and
physical conditions. Several of these sampling stations were located at established
stations along a transect across the lake from south to north (Figure A.1.3). The sites
represent a subset of ten stations monitored regularly by NDEP, NDOW and WLFIT
(Walker Lake Fishery Improvement Team). Descriptions of sampling and analytic
methods applied by DRI and UNR during their 2007 to 2008 sampling period are
summarized below, with additional details available from Fritsen et al. (this volume) and
from Chandra et al. (this volume). Note that analysis and reporting of food web structure
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and dynamics in Walker Lake have been provided in a separate treatment (Chandra ef al.,
this volume).

All available data from NDEP, NDOW, DRI, and UNR monitoring, as well as
from several historical reports, were used in creating the Walker Lake and River
Database, which then was queried to support the ecological modeling of Walker Lake.

Physical Characterization

A high-precision, continuous water quality sampler (Seabird Technologies, model
SBE 19) was calibrated for conditions at Walker Lake and then used to measure the
temperature, photosynthetically active radiation (PAR) and dissolved oxygen (DO) at
each location. PAR data were converted to watts/m” using a multiplicative factor of 2.5,
derived from equation 2 in Morel and Smith (1974). Additional profiles of the water
column were obtained with a Y'SI multiprobe that provided salinity in addition to
temperature and DO concentrations near the center of the lake (WL3).

Short-term monitoring also occurred along the western shore of Walker Lake to
investigate potential groundwater contributions near Cottonwood Creek and the town of
Walker Lake. Previous studies had suggested significant amounts of groundwater could
be flowing into Walker Lake in this area (Allander et al., 2006; Lopes and Smith, 2007).
Therefore, specific conductance and temperature measurements were collected, along
with samples for stable isotope analysis, during nearshore surveys of horizontal and
vertical profiles along the western shoreline (0 to 500 m offshore) in April, May, and
July 2007.

Sampling and Analysis for Nutrients and Aquatic Chemistry

Samples were collected seasonally (Table A.1.2) from a variety of sites around
the lake, including repeated sampling of central vertical profiles near the deepest point in
Walker Lake (WL3). Samples were collected for major-ions, nutrients, and trace
elements by Van Dorn sampler at 2.5-m intervals from the surface to the bottom, to
represent vertical variation during stratified and non-stratified periods. Major-ion and
nutrient samples were collected in half-gallon plastic jugs that had been triple rinsed with
sample water prior to filling. These samples were stored in the field on ice until transport
to the laboratory, where samples were refrigerated in the dark at 4°C until analysis.
Trace-element samples were collected in 500-mL low-density polyethylene bottles that
were soaked for at least two weeks in dilute nitric acid prior to sample collection; these
samples were filtered in the field through laboratory pre-cleaned 0.45-pum cartridge
filters. Isotopic samples were collected in 1-0z glass bottles (triple rinsed with sample
water) and closed with poly-seal lids.

Major-ion and nutrient samples, as appropriate, were filtered in the laboratory
through 0.45-um filters and analyzed at the Desert Research Institute Analytical
Chemistry Laboratory, which is U.S. Environmental Protection Agency and State of
Nevada certified. Trace element samples were analyzed by inductively coupled mass
spectrometry in the Desert Research Institute Ultra-Trace Chemistry Laboratory. All
samples were analyzed using appropriate EPA drinking-water and waste-water
procedures. Stable isotopes of 8°H and 8'*0 were analyzed at the University of Nevada,
Reno Stable Isotope Laboratory. Additional analyses were conducted by the Desert
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Research Institute Environmental Microbiology Laboratory and the University of
Nevada, Reno, Limnological Laboratory. Due to the high salinity of Walker Lake
samples, some water quality constituents (total phosphorus, orthophosphate, nitrate and
ammonia) were analyzed by methods developed as part of the EPA Clean Lakes Grant
Program for Nevada lakes (Solérzano, 1969; Liddicoat et al., 1975; Jones, 1984; Reuter
and Goldman, 1990). Standard quality assurance and quality control measures were
adopted for the Walker Lake sampling program, including regular analysis of field and
laboratory blanks and duplicates, as well as the analysis of standard reference materials
and matrix spikes (Thomas et al., 2008).

Table A.1.2. Calendar of Walker Lake sampling excursions by DRI and UNR during

this project.
Sample Date Reported General Nutrients ~ Major Trace Profile  Microbial
By: Constituents Ions Elements
7-Mar-07 DRI X X X X X
27-Apr-07 DRI X X X X X
22-May-07 DRI X
30-May-07 DRI X X X X X
28-Aug-07 DRI X
29-Aug-07 DRI X X X X
2-Oct-07 DRI X
3-Oct-07 DRI X X X X X X
4-Dec-07 DRI X X X X X
5-Dec-07 DRI X
3-Mar-07 UNR X
22-May-07 UNR X X X X X
3-Oct-07 UNR X
4-Dec-07 DRI X X X X X
4-Dec-07 UNR X
5-Dec-07 DRI X
1-May-08 DRI X X
2-May-08 DRI X X
18-Sep-08 DRI X X X X

See Appendix for a detailed list of parameters in each category

Biological Characterization

Chlorophyll-a pigment concentrations were determined via fluorometry using the
Welschmeyer (1994) method in a Turner Designs model 10AU Fluorometer. This method
was calibrated with purchased standards (chlorophyll-a from Anacystis nidulans, Sigma
Corp.). The chlorophyll-a content was checked against a spectrophotometric method
(Parsons et al., 1984) for quality assurance. Particulate organic carbon (POC) and
particulate organic nitrogen (PON) were determined using the method outlined by Karl et
al. (1991). Subsamples were filtered onto pre-combusted filters, the filters were acidified
through exposure to hydrochloric acid fumes, and the filters were encapsulated in tin
discs before analysis with a Perkin-Elmer 2400 series II CHN/O analyzer. Particulate
phosphorus subsamples were processed in a manner similar to POC and PON subsamples
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(Karl et al., 1991), then digested to extract organic and inorganic fractions using the
method outlined by Pardo et al. (2003). The phosphorus concentration of the resulting
extracts were determined colorimetrically using the Lachat QuikChem® Method 12-115-
01-1-F (McKnight and Sardina, 2001) with a Lachat QC8000 FIA.

Phytoplankton samples were preserved by addition of gluteraldehyde to a final
concentration of 0.5 percent. Enumeration involved counting a target number of natural
units from each sample. The usual target number of natural units was n > 400. Natural
units were deemed appropriate instead of cells, due to the fact that colonial or
filamentous cells do not occur singly in nature so individual cells would be inappropriate
to portray relative abundances (Mills et al., 2002). Differential interference contrast
(DIC) microscopy using an Olympus BX-60 equipped with epiflourescence and digital
imaging capabilities was used for enumeration and identification. As outlined by
PhycoTech, the magnification used was dependent on the dominant taxa encountered
within the sample slide. Overall, the goal was to enumerate and identify taxa present
across a range of magnifications. Once the correct magnification was determined for the
majority taxa-type, a minimum of 15 fields were viewed and the natural units enumerated
under that magnification. In addition, the minority cell types were counted. The minimum
observable phytoplankton cell size was approximately 0.5 to 1 micron. All taxa
encountered were image-documented for quality assurance and archival purposes.
Biovolume estimates for each contributing taxa were determined by assigning formulas
outlined in current literature (Hillebrand et al., 1999).

Since very little was known about the microbial portion of the Walker Lake food
web, the microbiological investigation of Walker Lake utilized a combined approach that
included traditional microscopy and cultivation-based methods as well as several
relatively new molecular techniques. Planktonic cell counts were performed on samples
preserved in 2% glutaraldehyde using two complementary approaches: epifluorescence
microscopy and flow cytometry. Briefly, direct counts were made using an epifluorescent
microscope (Zeiss Axioskop 2 plus) after sample filtration onto black 0.2 um pore size
filters (Poretics®, GE Osmonics, Inc.) and staining with 4’6-diamidino-2-phenylindole
(DAPI; Porter and Feig, 1980). One hundred fields were counted per depth, and the
results averaged and normalized to estimate total numbers of cells per mL. Performing
cell counts in parallel with a flow cytometer (Micro PRO™, Advanced Analytical
Technology Inc.) proved especially useful because in addition to total cell enumeration
this technology enabled quantification of the potentially photosynthetic microorganisms
by measuring auto-fluorescent cells (Gasol and Del Giorgio, 2000).

In spite of increasing reliance upon molecular approaches for microbial ecology,
cultivation-based approaches remain valuable for quantitative assessments of microbial
functional groups. An important early result was that the initial attempts at cultivating
microorganisms from Walker Lake were completely unsuccessful. However, utilizing
previously determined lake chemistry (Beutel, 2001) enabled the design of specific media
capable of supporting Walker Lake’s alkaliphilic halo-tolerant microbes. For example, as
H,S production in the water column was a priority of this study, a synthetic medium was
developed to target the major group of environmental micoorganisms capable of
producing H,S: sulfate-reducing bacteria. By enumerating changes in the spatial and
temporal distribution of these microorganisms, it was possible to assess the relative
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importance of this particular physiotype to overall lake function. The same approach was
utilized for a range of ecologically-important substrates, including organic carbon
(aerobic and anaerobic) and alternative respiratory electron acceptors such as iron oxides,
nitrate, elemental sulfur, and arsenate. All told, nine different media were employed to
quantify aerobic heterotrophs, nitrate reducers, fermentative microorganisms, sulfur and
sulfate reducers, iron reducers, arsenate reducers, arsenite oxidizers, and manganese
reducers.

As useful as cultivation-based microbiology has been, it is generally accepted that
the vast majority of microorganisms in environmental samples cannot be grown in the
laboratory (e.g., Amann et al., 1995). An important implication, therefore, is that most of
the microbial diversity in samples analyzed by traditional approaches has been missed.
Fortunately, a variety of molecular techniques, mostly focused on the universally-
conserved small subunit (SSU) of the 16S ribosomal RNA gene, have been developed
that detect microbial DNA in a sample, rather than the subset of microorganisms
amenable to growth in particular culture media. Thus, in addition to the functional
assessment of microbial diversity in Walker Lake, a DNA-based approach (SSU rRNA
fingerprinting and clone libraries) to explore the phylogenetic diversity and breadth of the
microbial community was also adopted.

Database Development and Management

The Walker Lake and River Database was developed as a tool for analyzing
trends in water quality conditions and to evaluate the ecological state of the lake, with the
intent of making recommendations for long-term monitoring that will track changes
associated with increased water delivery to the lake. The database contains both historical
and contemporary information about lake conditions, as well as some results from river
monitoring during 2007 and 2008.

Data were obtained from many sources, including NDEP, NDOW, USGS, DRI,
and UNR; in most cases these data came directly from the staff working at these
organizations (see Appendix F in the Walker Lake Database User Manual). Some of
these groups continue with ongoing sampling programs at Walker Lake, but at the time of
this writing, the Walker Lake and River Database represents the most currently available
data. These data were diverse with respect to reported factors, including time sampled,
location sampled, groups collecting the samples, and the parameters that were measured
or analyzed. The format of these data varied widely as well, since many organizations
were represented. For these data and the database to be a useful tool, a structure for the
database was developed based on a consideration of the types of questions that a user
might ask, such as:

e Did DRI collect samples at WL2 in 2007?
e Was chloride sampled and measured in March?

e Has conductivity increased since the lake has been sampled?

Conducting searches to answer such questions requires a relational database,
which allows data to be searched by various combinations of factors: for example, by

23



time and parameter (was chloride tested in March?); or by group, location, and time (did
DRI collect samples at WL2 in 2007?); or by available records for a specific parameter
(what is the long-term record of conductivity in the lake?).

Microsoft'™ (MS) Access was used for the construction of the Walker database,
and several display forms were created to act as a graphical user interface (GUI). Those
familiar with MS Access can operate the database by using the existing tables and
building their own queries. Those unfamiliar with MS Access will need to briefly consult
the user’s manual (Lutz and Heyvaert, this volume) for instructions on how to use the
existing tables and queries, and then build their own queries. Data from the Walker
database can be exported in various formats for use in other programs. MS Access can
also be linked directly to ArcGIS (from within the ArcCatalog program).

Normalization of data was necessary to construct the relational database. This
should not be confused with the statistical normalization methods often applied to data.
Rather, database normalization is a technique that considers characteristics of data and
structure to minimize logical and structural problems, decrease duplication of information
and anomalies, and increase database efficiency. This normalization process resulted in a
series of tables that are connected by relationships.

Tables for Walker Lake and Walker River data are connected by relationships to
the following additional tables: sample sites, instrument and/or method used, qualifiers
(e.g., detection limit, calculated, estimated), parameters, reporting units, and reporting
organization. These relationships allow users to search Walker Lake and River data by
any combination of sample sites, instrument/methods, qualifiers, parameters, reporting
units, and reporting organization.

Currently, 140 water quality parameters are recorded in the database. A list of the
parameters is given in the appendix. It should be noted that as new parameters are
monitored, they can be easily added to the existing database. At present, a total of 95,535
records for samples from Walker Lake and 70,877 records for samples from Walker
River are stored in the database.

Ecological Water Quality Modeling

The information collected through monitoring and data management efforts was
integrated into an ecological model to inform the monitoring plan and which could
ultimately support future decisions with regards to water management. The model
consists of hydrodynamic and ecological components represented in the Computational
Aquatic Ecosystem Dynamics Model (CAEDYM), developed at the University of
Western Australia. CAEDYM consists of a series of mathematical equations representing
the major biogeochemical processes influencing water quality. It contains process
descriptions for primary production, secondary production, oxygen dynamics, nutrient
and metal cycling, and the movement of sediment. Details of modeling features and
mechanistic processes are described in the CAEDYM science manual (Hipsey et al.,
2006).

In this study, CAEDYM was coupled to the one-dimensional Dynamic Reservoir
Simulation Model (DYRESM) to allow investigation of seasonal and annual variations in
Walker Lake’s physical limnology. The one-dimensional approach assumes that the lake
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can be represented by a series of homogeneous horizontal planes, which is reasonable
when changes are much greater in the vertical dimension than in the horizontal, as at
Walker Lake. This assumption is necessary when available data and computational
resources are limited, and when longer-term simulations are desired. In part, the one-
dimensional model was selected for this study because more advanced two- or three-
dimensional approaches were not feasible given the resources allocated to this modeling
effort. Furthermore, the one-dimensional model is appropriate for investigating general
trends in lake limnology and allows for longer term (i.e. 30 year) simulations with
specific river flow scenarios, which would not be feasible with the more advanced
models. Also, should additional resources become available in the future, CAEYDM can
easily be coupled to a three-dimensional hydrodynamic model.

The ecological model requires several types of input data to properly simulate the
processes within Walker Lake. Boundary conditions describe the forces acting on the
lake and include meteorological and streamflow data. In this study, daily inflow to
Walker Lake from the Walker River was estimated from USGS Gage 10302002 (Walker
River at Lateral 2A). Groundwater discharge to the lake was estimated to be 11,000 acre-
ft/year (Schaefer, 1980). No long-term meteorological observations currently exist on or
adjacent to Walker Lake. Thus, observations from the National Weather Service (NWS)
Cooperative Observer Program station at Hawthorne, from the U.S. Forest Service
Remote Automated Weather Stations at Brawley Peaks and Benton, and from wind tower
data collected by the Western Regional Climate Center at Luning were all compiled to
estimate local meteorological conditions. Additionally, daily estimates of shortwave and
longwave incident radiation were obtained from the NWS North American Regional
Reanalysis (NARR) database. NARR provides a gridded dataset of meteorological data
produced from a hindcast simulation based on historical point observations. Initial
conditions were also required to describe the vertical distribution of water temperature,
dissolved oxygen, nutrients, phytoplankton, and zooplankton in the lake at the outset of
model runs. These data were obtained from the monitoring efforts and database
compilation described previously in this chapter.

Calibration of CAEDYM was required to ensure that the model was adequately
representing existing conditions before it could be used to assess future scenarios. This
was accomplished by comparing modeled and observed water surface elevations and the
vertical profiles of water temperature and dissolved oxygen for the 2007 simulation. By
making adjustments to the various process-based coefficients, good agreement was found
with all variables for each of the 2007 sampling dates, except the October 3" sampling
event where the model predicted lake mixing (breakdown of stratification) approximately
one week after it was observed. A partial validation of the model was performed by
comparing simulated and measured results for the year 1993 as reported by Horne et al.
(1994). The model performed reasonably well under both 2007 and 1993 conditions but it
can be substantially improved based on the recommendations described later in this
report.

A series of hypothetical simulations were conducted to test the model’s ability to
forecast ecological response to water management decisions. Upon further refinement,
the model will ultimately be capable of producing impact assessments based on specific
streamflow scenarios, which are currently in development by a separate work-group unit
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of the Walker Basin Project. To demonstrate forecasting techniques with this model, the
historical streamflows from 1982 to 1986 (average Walker River discharge: 425 cfs) and
from 1989 to 1993 (average Walker River discharge: 30 cfs) were used to represent
potential impacts from extended high-flow and low-flow conditions, respectively.
Furthermore, recommended minimum annual inputs to the lake of 140,000 acre-ft/yr
(Horne et al., 1994) and 112,000 acre-ft/yr (Thomas, 1995) were simulated by assuming
a uniform Walker River streamflow distributed over the entire year.

Finally, a sensitivity analysis was conducted to determine how responsive the
model would be to changes in the input parameters and model coefficients. These results
provide insight into how the model can be improved, by reducing uncertainty associated
with the input data and the model coefficients that most strongly influence model results.
The model’s sensitivity to a wide range of conditions was examined, including
modifications to meteorological data, input loads, sediment nutrient concentrations, initial
conditions, and hydrodynamic mixing coefficients. The impacts from changing these
various conditions were assessed by examining response changes in water temperature
and dissolved oxygen vertical profiles (see Stone ef al., this volume).

RESULTS AND DISCUSSION
Physical Characteristics
Lake level

Walker Lake level has been generally declining since records began. Figure A.1.1
shows lake level (in mean feet above sea level) recorded between 1930 and 2007.
Periodic increases in lake level during the mid 1980s and late 1990s are attributed to
increased runoff from higher precipitation years.

Temperature dynamics

Temperature (Figure A.1.4) and dissolved oxygen measurements (Figure A.1.9)
showed Walker Lake stratifying during May and remaining stratified through September.
During December, the lake became isothermic, as indicated by temperature (average
9.3°C from surface to bottom) and dissolved oxygen (6.7 mg/L from surface to bottom).
This was a typical annual cycle, with isothermal conditions generally persisting through
January and into February.

Ontical properties

Secchi depth measurements were available at WL3 from 1995 until 2008. Since
1999, Secchi measurements have also been made at WL2 and WL4. Figure A.1.5 depicts
Secchi measurements from WL3, since this is the site with the most complete record in
the database. In general, the Secchi depth is increasing, which reflects a relative increase
of clarity in the lake, although the apparent trend could be influenced by greater
frequency of measurements in recent years. Profiles of photosynthetically active radiation
(PAR) in the water column are shown in Figure A.1.6 for two different times that bracket
the sampling period of this project.
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Figure A.1.4. Walker Lake temperature (°C) profile 2002 to 2008. Interpolation of data

points was created using the spline tool in 3D Analyst extension of
ArcMap 9.2 (ESRI, 2009) with default optional settings.
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Figure A.1.5.  Secchi depth measurements from the Walker Lake and River Database
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Figure A.1.6. Comparison of photosynthetically active radiation (PAR) measured with

Seabird profiler at site WL3 in December 2007 and March 2008,
bracketing the sampling period of this project.
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Chemical Characteristics

Major ions, TDS. conductivity and pH

Walker Lake has generally poor water quality with very high TDS, alkaline pH
(average 9.37), and a sodium—sulfate+chloride+bicarbonate chemical type (Figure A.1.7).
All samples collected, regardless of month or depth, have similar ionic character because
limnological processes such as thermal stratification do not significantly change the ionic
character of the lake. Note, however, that TDS increased from 15,000 mg/L in March and
May to 15,900 mg/L in December (Table A.1.3). The increase in TDS resulted from
increases in sodium (depths averaged for each sample date: 290 mg/L), carbon (HCO; +
COs: 210 mg/L), chloride (280 mg/L), and sulfate (250 mg/L). The TDS of Walker Lake
has been increasing over time as shown by specific conductivity in Figure A.1.8 because
of the continual process of evaporation.

Figure A.1.7.

Legend

0 2.5m 3/07
A 10m 3/07
1 20m 3/07
O 2.5m 5/07
10m 5/07
20m 5/07
X 2.5m 8/07
m 10m 8/07
4 20m 8/07
2.5m 12/07
7 10m 12/07
X 20m 12/07

Trilinear diagram of major-ion chemistry of Walker Lake in 2007.
Regardless of month or depth, the lake water has similar ionic character

(Hershey et al., this volume).
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Table A.1.3.

Major-ion, pH, and TDS data for Walker Lake collected in 2007.

Sample Sample pH Ca Mg Na K HCO; COs; Cl SO, Si0, TDS EC
Name Date (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (uS/cm)
WL3 2.5m 03/07/2007 9.38 10.7 190 4,760 262 2,300 1,060 3,450 3,490 0.30 15,000 20,000
WL3 10m  03/07/2007 9.37  10.5 193 4,870 253 2,310 1,060 3,410 3,460  0.30 15,000 20,000
WL320m 03/07/2007 9.38 104 186 5,000 255 2,320 1,060 3,480 3,460  0.20 15,000 20,000
WL3 2.5m 05/22/2007 9.37 10.5 183 5,070 256 2,420 1,010 3,460 3,580 0.58 15,100 19,670
WL3 10m  05/22/2007 9.37 104 177 4,930 256 2,400 1,010 3,490 3,550 0.54 15,000 19,670
WL320m  05/22/2007 9.38 10 187 4,900 250 2,400 1,010 3,500 3,560  0.68 15,000 19,600
WL3 2.5m 08/29/2007 9.40 10.9 191 5310 288 2,370 1,120 3,520 3,580  0.66 15,700 19,600
WL3 10m  08/29/2007 9.39  10.7 193 5,320 295 2,390 1,130 3,490 3,590  0.58 15,700 19,600
WL3 20m 08/29/2007 9.36  9.71 184 4,820 280 2,360 1,040 3,360 3,420  2.06 15,000 19,700
WL3 2.5m 12/04/2007 9.37 10 197 5,110 284 2,450 1,120 3,730 3,700  1.10 15,900 20,500
WL3 10m 12/04/2007 9.36 10 194 5,230 283 2,440 1,130 3,710 3,720 1.10 15,900 20,500
WL3 20m  12/04/2007 9.36  10.1 192 5,160 279 2,460 1,130 3,750 3,730  1.00 15,900 20,500
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Figure A.1.8.  Annually averaged specific conductivity measurements from the Walker
Lake and River Database for near-surface samples at site WL3 from
1955 to 2007.

To identify groundwater inflow into Walker Lake, specific conductivity and
temperature data and stable isotope samples were collected along the western shoreline
on April 27, May 31, and July 6, 2007. During this period of time, increased groundwater
inflow from spring snowmelt and runoff could possibly be identified. Unfortunately,
these techniques did not provide sufficient measurement resolution to discern any
variation in lake water conductance, temperature, or isotopic signature that could be
attributed to groundwater inflow (specific conductance, 5 percent; temperature, 0.1 °C;
8°H, 1%o; 5'°0, 0.2 %e).

The pH at mid-lake (WL3) ranged from 9.3 to 9.4 from March to December,
while conductivity over the same period ranged from 19,600 to 20,550 uS/cm (Table
A.1.3). These were measurements conducted on samples in the DRI laboratory, along
with analysis of major ions. In-situ measurements of pH were more variable (9.2 to 9.9),
likely because of greater sampling frequency and depths, and perhaps affected by
inaccurate calibrations or sensor drift.

Dissolved Oxygen

Epilimnetic dissolved oxygen (DO) ranged from 10.4 mg/L in March to 6.0 mg/L
in October, with a sharp loss of oxygen around 18 meters after stratification. The
hypolimnion became devoid of oxygen at each sampling location by the end of May, and
remained anoxic throughout the summer and into early October (Figure A.1.9).
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Figure A.1.9. Walker Lake dissolved oxygen (mg/L) profiles at site WL3 during the
project sampling period (upper chart) and from 2003 to 2008 (lower
chart). Data were collected by DRI and UNR (this report) and by NDOW
(Sollberger and Wright, 2002 to 2007). Interpolation of data points for
the project sampling period was done with Natural Neighbor tool in 3D
Analyst extension of ArcMap 9.2 (ESRI, 2009). Interpolation of data
points from 2003 to 2008 was done with Kriging tool in 3D Analyst
extension.
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During 2007, DRI, NDEP, NDOW and UNR conducted profiles at Walker Lake.
Figure A.1.10 shows a comparison of dissolved oxygen measurements reported by the
four organizations during profile events at WL3. Measurements are averaged by month,
over depth to 24 meters, and are separated by organization. During the months of July,
August, and September, DO is relatively low. The lowest measurement was reported by
DRI during August. The highest value was reported by DRI during March. The
differences within months most likely represent changes in lake condition or location
between the different sampling dates for that month, as well as slight variations in
instrument calibration and use.
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Figure A.1.10. Comparative results for mean dissolved oxygen (mg/L) between the lake
surface and 24 meters depth, measured during profile sampling events at
site WL3 during 2007.

Nutrients

Phosphorus varied by depth during each sampling period and demonstrated spatial
patchiness around the lake. Total phosphorus levels at WL3 were generally high, ranging
from 28 uM (860 pg/L) in May, at around 20 m, to 19 uM (600 pg/L) in August near the
surface (Figure A.1.11). Orthophosphate-P concentrations were generally high as well,
averaging 20 uM (625 pg/L) within the water column for the year.
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Figure A.1.11. Walker Lake nutrient concentration (uM) profiles from site WL3 for A)
total phosphorus, B) orthophosphate, C) ammonia-N, and D) nitrate-N.
Interpolation of data points was created using the spline tool in 3D
Analyst extension of ArcMap 9.2 with default optional settings.

Inorganic nitrogen concentrations were variable over time. Whereas ammonium-
N generally ranged from below detection to about 4 uM (56 pg/L), the concentration in
bottom waters at WL3 briefly spiked to above 14 uM (190 pg/L) during August 2007
(Figure A.1.11) and in September 2008. Nitrate concentrations for the year ranged from
below detection to about 3.6 uM (50 pg/L), with a distinct spike appearing at 15 to 18 m
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during August, despite a high abundance of nitrate-reducing bacteria in the bottom waters
(10%/mL, Table A.1.4). Notably, this nitrate layer developed directly above the coincident
spike in ammonia; a result consistent with microbial nitrification.
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Table A.1.4. Quantification estimates (cells mL™) for samples obtained at site WL3 on 10/03/07 and 9/18/08.

Iron Iron
Depth Aerobic Nitrate Sulfate Sulfur (FeNTA) (FeCitrate) Arsenate Arsenite
m) Heterotrophs Fermentative reducers Reducers Reducers Reducers Reducers Reducers Oxidizers
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*note: different depths were sampled in 2007 and 2008, based on YSI data at the time of sample collection (see Figure A.1.16).



Biological

Chlorophyll-a and algal biomass

Phytoplankton dynamics followed an annual cycle that included a winter minima
and a spring bloom, as shown in Figure A.1.12 (Fritsen et al., this volume), which is not
unexpected for a moderately-deep, monomictic, temperate lake. The largest biomass
concentrations during the study occurred from the end of April to early May 2008. This
spring bloom was first observed on April 25 (Figure A.1.13a and A.1.13b) and sampled
on May 1. Biomass measured at site WL3 was approximately 10 pg chl-a L™, but the
surface accumulations appeared somewhat dispersed and diminished compared to only a
few days earlier. During spring 2007, Walker Lake was sampled on April 27, yielding a
peak biomass of 3.2 pg chl-a L. Based on observations and photo images from a
resident at the town of Walker Lake, however, this sampling occurred a few weeks prior
to the major spring bloom of that year, during which extensive surface accumulations
were also prevalent (Figure A.1.13c).
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Figure A.1.12. Walker Lake chlorophyll-a (ng/L) profile at site WL3. Interpolation of
data points was created using the spline tool in 3D Analyst extension of
ArcMap 9.2 with default optional settings.
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Figure A.1.13. Images showing A) birds swimming through surface accumulations of
the cyanobacterial bloom on April 25, 2008, and their “swimming
tracks;” B) C. Fritsen sampling the large cyanobacterial surface
accumulations along the shore just north of the town of Walker and south
of Sportsmans Beach. (Note that during sampling, pungent noxious
odors were prevalent [C. and T. Fritsen, personal observations; images
courtesy of Tyler Fritsen]; C) surface accumulations of algae in spring
2007 (image courtesy of B. Ronnald).

The phytoplankton of Walker Lake, although attaining high levels of biomass,
was relatively depauperate in regards to richness and diversity, with only a few taxa
comprising the plankton assemblage during all seasons (Figure A.1.14). Nodularia spp.
(cyanobacteria, Figure A.1.15a and A.1.15b) mostly dominated the phytoplankton
assemblages in terms of biovolume, with lesser volumes of Spermatozopsis (chlorophyte,
Figure A.1.15d) and a small autotrophic flagellate (yet to be positively identified) during
spring and summer. During winter, other taxa were more prevalent, notably
Chaetocerous (Figure A.1.15c¢), a small chain-forming diatom, and chlorophytes. In
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addition, Synechococcus-like microbes (cyanobacteria), detected putatively by flow
cytometry (autofluorescence) and definitively by phylogenetic analysis, were abundant
throughout the study and numerically dominated several of the samples, particularly in
the anaerobic hypolimnion after stratification. Despite this numerical abundance,
however (potentially as high as 6.7 x 10° cells mL™), they did not often dominate
biovolume assessments, due to their small size (typically ~1.5 um). Interestingly, the
large and morphologically conspicuous Nodularia spp. did not appear in the molecular
characterization analyses, most likely due to use of a 100 um pre-filter during microbial
sampling to remove the larger zooplankton and their associated microbial gut flora.
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Figure A.1.14. Profiles of phytoplankton total biovolume and chl-a (top two panels),
biovolume of cyanobacteria, chlorophytes and bacillariophytes (middle
two panels) and their relative numerical abundance during December
2007 and May 2008 (bottom panels).
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Figure A.1.15. A) Nodularia filament viewed with differential interference microscopy
(DIC); B) the same Nodularia filament viewed with epilflourescence;
C) Chaetocerous viewed with DIC; and D) Spermatozopsis viewed with
epifluorescence.

Bacterial communities

Two detailed evaluations of Walker Lake’s microbial communities were
performed during this study. The first occurred immediately after, or possibly during, the
2007 autumnal lake turn-over event (10/03/2007 sampling). Fall turn-over events such as
this are characterized by a rapid breakdown of summer thermal stratification, and result
in a complete top-to-bottom mixing of the lake (see Figure A.1.2 for a generalized
representation of thermal stratification). It did appear at the time of sampling, however,
that a slight remnant of thermal stratification persisted below 23 m (Figure A.1.16). The
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second microbial evaluation was performed the following year (09/18/2008 sampling)
while the lake still exhibited thermal structure. This enabled a study of the lake’s
microbial communities during the anoxic conditions that have become typical of its late
summer hypolimnion.

Total cell counts using epifluorescence microscopy and flow cytometry both
estimated the microbial density to be about 10° (i.e., millions of) cells per milliliter,
regardless of date or depth of sample (Figure A.1.16). Estimates of autofluorescing cells
(e.g., cyanobacterial phytoplankton) were approximately an order of magnitude less than
total cell counts. During stratification in 2008, total and autofluorescent cell counts
increased sharply at the thermocline (from 10° and 10* cells per mL, respectively, to 10°
and 10°) and remained high throughout the anoxic hypolimnion (Figure A.1.16b). This
indicates that a substantial anaerobic phototrophic community was present during thermal
stratification.

Cultivation-based studies demonstrated that numerous alkaliphilic physiotypes
were present (Table A.1.4). Quantitative estimates (cells/mL) for specific types were
largely depth-specific and ranged as follows: 10" to 10> acrobic heterotrophs; up to
10° fermentative microbes and sulfate-reducers; up to10* nitrate-reducers and sulfur-
reducers; up to 10° iron-reducers; and 10' to 10° microbes capable utilizing arsenic
(either through reduction or oxidation pathways). As expected, physiotypes were
distributed concurrent with thermal stratification in the 2008 sample (i.e., anaerobic
metabolisms were confined to the anoxic hypolimnion), whereas they were found
throughout the water column in 2007, further evidence that the lake had just mixed or
was mixing during sampling.

Molecular characterization of the microbial communities also demonstrated the
influence of thermal stratification. Terminal-Restriction Fragment Length Polymorphism
(T-RFLP) analysis (data not shown) indicate that communities were different between
samples taken from the epilimnion/mixed layer and the hypolimnion (2008), or the
putative hypolimnetic remnant (2007). Based on the presence of unique signatures in the
T-RFLP data, molecular cloning was used to examine the microbial communities present
in the surface water (0 m) and bottom-most samples from each collection date (24 m and
22 m, chronologically). Phylogenetic analysis of these clone libraries indicated that while
the overall diversity of major bacterial groups (phyla and Proteobacterial classes) in
Walker Lake was essentially the same during mixed and thermally stratified conditions,
there was decidedly more segregation of bacterial groups (both in distribution and
abundance) between the individual depths during 2008 (Figure A.1.17). In 2007, the
majority of phyla were ubiquitous, with only the Actinobacteria and Deltaproteobacteria
being depth-specific (comprising 16% and 5% of the 0 m and 24 m libraries,
respectively). No depth-specific trends were observed within the individual phyla. In
contrast, Actinobacteria and Deltaproteobacteria comprised substantially larger portions
of the 2008 0 m and 22 m samples (25% and 11%, respectively). Additionally,
representatives of the Gammaproteobacteria (11% of the total clones) were only found in
the 22 m hypolimnetic community.
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Depth profiles of Walker Lake (WL3) from two different dates
indicating temperature and dissolved oxygen (YSI) and total and
autofluorescent cells (measured by flow cytometry). a) October 3, 2007:
Although the data indicates that the lake was mixing during sampling, a
hypolimnetic remnant (HR) appeared to exist below 23 m. b) September
18, 2008: Temperature and dissolved oxygen profiles indicate the lake
was stratified. Note the increase in cells, both total and autofluorescing,
corresponding to the thermocline.
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October 3, 2007

O Alphaproteobacteria
B Betaproteobacteria

0O Gammaproteobacteria
O Deltaproteobacteria

B Firmicutes

O Actinobacteria

B Spirochaetes

OBCG

B Cyanobacteria

B Environmental

September 18, 2008

Bacterial Group 0m 24 m 0m 22 m
Alphaproteobacteria 4% 6 % 1% 4%
Betaproteobacteria 36 % 11% 18 % 6 %
Gammaproteobacteria 11% 21 % n/d 12 %
Deltaproteobacteria n/d 5% n/d 11 %
Firmicutes 16 % 26 % 33% 19 %
Actinobacteria 16 % 1 % 25% 1%
Spirochaetes n/d n/d 1% n/d
BCG 15 % 24 % 6% 26 %
Cyanobacteria 1 % 3% 10 % 18 %
Environmental Clones 1% 3 % 6 % 6 %

Figure A.1.17. Molecular community analysis of Walker Lake for surface and bottom

water depths from 10/3/2007 and 9/18/2008. The pie charts indicate
relative percentage of the clone library comprised by the individual

bacterial groups. Actual percentages are listed in the table. Number of

clones per library were as follows: Oct. 2007 — 0 m (73), 24 m (75);
Sept. 2008 — 0 m (83), 22 m (85). BCG = Bacteroidetes/Chlorobi Group.
Environmental clones refers to non-chimeric sequences not closely
related to any cultured isolate but having sequence identity greater than
91% with other environmental sequences present in the National Center
for Biotechnology database.
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Further segregation was observed within the individual phyla as well. While
Firmicutes and Cyanobacteria were present in both 2008 libraries, there were clear
phylogenetic divisions between the individual clones. Firmicutes present in the 0 m
sample were all in the order Bacilliales, while those present in the 22 m sample were
strictly representative of the class Clostridia (not surprising as the Clostridia are often
distinguished from the Bacilli by their lack of aerobic respiration). Similarly, there was a
distinction between the Cyanobacteria found in oxic (Cyanobium-like microorganisms)
and anoxic (Synechococcus-like species) waters. The high percentage of Synechococcus-
like clones in the hypolimnion, and their absence in the mixed-layer sample, mirrors the
observed increase in autofluorescent cells below the thermocline, as well as the onsite
observation of pink pigmented cells on filters collected from anoxic depths (Figure
A.1.18). For both of these two major types of cyanobacteria detected at Walker Lake, the
nearest phylogenetic neighbors (about 98% of 16S rRNA sequence identity) were
Cyanobium and Synechococcus strains cultivated from hypersaline Mono Lake in
California (Budinoff and Hollibaugh, 2007).

Molecular and cultivation-based datasets indicated a diverse population of
obligate alkaliphiles (microbes only capable of growth at high pH) at all depths. Major
bacterial types included a variety of Proteobacteria, with relatives of known sulfate- and
iron-reducing bacteria (Deltaproteobacteria) being found only in the deepest samples
(Figure A.1.17). Of particular note is the apparent bloom of Synechococcus-like
microorganisms in the 2008 anoxic hypolimnion. It has been reported that these
cyanobacteria are capable of utilizing hydrogen sulfide through anoxygenic
photosynthesis (Imhoff ez al., 1979), so it is possible that their numbers represent a
response to the increase in Deltaproteobacteria species capable of H,S production (aka,
sulfate-reducers). This result may be relevant to the fishery of Walker Lake as it indicates
the presence of a novel form of photoautotrophy that could prevent accumulation of toxic
H,S in the hypolimnion.

Also potentially important to ecological functions of this lake are the very high
numbers of microorganisms involved in metal cycling, especially in and near the lake’s
hypolimnion, with up to 10° cells per mL for both iron reducers and arsenic oxidizers
(Table A.1.4). Since microbial metal cycling is known to be a major factor driving the
mineralization of organic carbon in some lakes (Lovely, 1991, Stemmler and Berthelin,
2003), it is possible that much of the water column respiration may be metal-driven in
Walker Lake. However, given the lake’s high dissolved organic carbon (DOC)
concentrations (40.6—42.4 mg/L, Walker Lake Database) and the fact that alkaliphilic
iron-reducing bacteria were only recently reported in the literature (Ye et al., 2004), it is
clear there remains much to learn concerning the lower trophic structure and microbial
dynamics of Walker Lake.
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Figure A.1.18. Samples collected on September 18, 2008. Illustrated are autofluorescent
intensity plots and pictures taken in the field post filtration from a) the
epilimnion (10 m) and b) the hypolimnion (19 m). Note the order of
magnitude higher estimated autofluorescent cell count in the
hypolimnetic sample and the abundance of pink pigmented cells on the
filter.

Ecological Water Quality Modeling

Water-quality conditions and trends in the lake were evaluated relative to historic
Walker River inflow volumes, using the river’s current geometry, which provided a basis
for hypothetical scenario runs with the Walker Lake ecological model. Forecasts
developed from this model indicate potential ecological conditions that would result
under different streamflow scenarios in the Walker River, as described above. A
summary of these results is provided below, with further detail available in a subsequent
chapter (Stone et al., this volume).

The ecological model produced forecasted vertical distributions in a number of
water quality parameters including temperature, TDS, DO, chlorophyll-a, nutrients and
carbon, along with water surface elevations. Figure A.1.19 shows simulated and observed
water surface elevations for the calibration period (1/1/2007 to 1/1/2008) as well as for
the high- and low-streamflow scenarios and the minimum-flow scenarios suggested by
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Figure A.1.19. Walker Lake water surface elevations for observed and baseline
conditions during 2007 and for several five-year hypothetical Walker
River flows under high-flow and low-flow conditions and with minimum
flows determined by Horne et al. (1994) and Thomas (1995).

Horne et al. (1994) and Thomas (1995). This figure illustrates the high degree of
agreement between observed and simulated water surface data for the calibrated baseline
condition. Under high-flow conditions (based on 1982 to 1986 streamflow data), the
water surface elevation was forecasted to increase by approximately 1.3 m per year over
the five-year simulation. Under low-flow conditions (based on 1989 to 1993 data), the
water surface elevation was forecasted to drop by 1.0 m per year. The water surface
elevation was forecasted to increase by 0.20 m per year under a minimum streamflow of
140,000 acre-ft/year, as recommended by Horne ef al. (1994), and to decrease by only
0.03 m per year under the 112,000 acre-ft/year suggested by Thomas (1995), which is
well within the uncertainty of the model predictions. Thus, it can be concluded that the
model is performing reasonably well in describing the water balance of the lake. These
results were consistent with the results of Thomas (1995), suggesting that a minimum
flow of 112,000 acre-ft/year would stabilize the water surface elevation of Walker Lake.

Figure A.1.20 contains a summary of forecasted vertical distributions for water
temperature, TDS, and DO under the hypothetical high-flow condition over a five-year
simulation period. It is important to note that these scales are different between scenarios,
which is necessary to display the full range of variation. Under the high-flow scenario,
the hypolimnion is forecasted to extend higher into the water column each summer as a
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result of increasing water surface elevation. According to the model predictions under
these extremely high streamflows (based on 1982 to 1986 measurements), a slight
gradient in TDS could occur, with lower-density, low-TDS water not mixing completely
with the higher-density, high-TDS water at the bottom of the lake. Dissolved oxygen
profiles under the high-flow scenarios are affected by reduced mixing, with elevated DO
near the lake surface and depressed DO at the lake bottom. The increased density
stratification (TDS) forecasted here is likely a result of the extremely high flows used in
this scenario and a consequence of the assumptions inherent to a one-dimensional
hydrodynamic model. While it is possible that a three-dimensional simulation would
yield different conclusions, these results suggest that some density stratification could
occur under extreme flow conditions, which is reasonable based on similar conditions in
other systems.

Forecasted results for the hypothetical low-flow scenario are shown in Figure
A.1.21. In this case, the extent of the hypolimnion is predicted to be reduced within the
water column as the lake grows shallower from year to year. Thus, the cooler water
required by Walker Lake fish would become available over an increasingly smaller
vertical portion of the lake. Both the temperature and TDS profiles indicate complete
mixing of the lake every fall. As a result, DO concentrations are forecasted to be more
evenly distributed throughout the vertical profile. However, DO concentrations are shown
to drop to anoxic levels near the lakebed during stratification. Under this scenario of
extremely low flows over an extended period of time, the TDS levels in the lake are
predicted to rise above 21,000 mg/L.

Forecasted vertical profiles for water temperature, TDS and DO concentrations
under the minimum annual flow determined by Thomas (1995) are shown in Figure
A.1.22. As discussed above, the 112,000 acre-feet/year suggested by Thomas was evenly
distributed on a daily basis over the simulation period (equivalent to 155 cfs). Due to the
equilibrium state established for the lake water surface, vertical profiles are forecasted to
remain stable from year to year. The only noticeable change over the five-year simulation
is a slight decrease in the height of the anoxic region with time. Future studies could
investigate the influence of streamflow timing.

It is important to note that the Walker Lake ecological model is still in its early
stages of development and is not currently capable of producing limnological forecasts
with a high degree of confidence sufficient to guide policy decisions. However, the
quality of model predictions would be improved by addressing the major areas of
uncertainty, as determined through sensitivity analysis. For example, no data is currently
available describing the distribution of nutrients within the lake sediments. Also, the
model currently uses default rate coefficients for its equations. These are based on
published literature values, but could vary greatly for the unique environment found in
Walker Lake. Thus, results presented here should be interpreted as a general description
of how trends in the lake’s limnology are likely to change with the given flow scenarios.
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Figure A.1.20. Model results for Walker Lake vertical profiles of temperature, TDS
(salinity), and DO under the high-flow scenario (425 cfs).
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Figure A.1.21. Model results for Walker Lake vertical profiles of temperature, TDS
(salinity), and DO under the low-flow scenario (30 cfs).
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Figure A.1.22. Model results for temperature, TDS (salinity), and DO vertical profiles
resulting from an annual Walker River flow of 112,000 acre-ft (note:
color scale for TDS is the same as shown in Figures A.1.20 and A.1.21
but the contours have been adjusted to a higher resolution).
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Recommendations for Long-term Monitoring

As described in the methods section, the ecological model requires a wide range
of data for setting boundary and initial conditions. Additional data collection activities
will be necessary to reduce the uncertainty in these estimates and to better describe
spatial and temporal patterns. Meteorological data in particular (air temperature, wind
speed, solar radiation, and humidity) are needed to drive the lake model hydrodynamic
and thermodynamic processes. Therefore, a meteorological monitoring station should be
established on or near Walker Lake.

Also, the water quality of the Walker River and groundwater discharge volume,
timing, and location are not well known. Therefore, a continuous water quality
monitoring station for at least temperature, conductivity, DO, and pH should be
established near the mouth of the Walker River.

One boundary condition with high uncertainty is the sediment nutrient
concentration and flux characterization. Determination of spatial and temporal patterns in
sediment nutrient processes should be conducted as part of any future monitoring plan.

Vertical profile data for temperature, DO, conductivity, pH, nutrients, carbon,
chlorophyll-a, and zooplankton were instrumental for model calibration. Therefore,
continued monitoring of these properties, supplemented with relevant microbial diversity
and activity measurements, will be essential for improving the model performance. In
particular, results from Walker Lake monitoring indicate the presence of dynamic,
microbially-driven redox, nitrogen, carbon, and metal cycling. Further clarification will
be needed on the rates, the spatial and temporal partitioning, and key microbial taxa
involved with these processes (e.g., nitrogen fixation, denitrification, and nitrification).

Dynamics of phytoplankton and microbial blooms in Walker Lake appear to be
shorter than the return frequency of current quarterly and monthly monitoring programs.
Therefore, more frequent sampling may be necessary in early spring to capture the onset,
distribution, and dynamics of large blooms as they occur.

Moreover, it is abundantly clear from the present study that a succession of
autotrophic and heterotrophic microbial processes operate in Walker Lake. Further
determinations of microbial diversity and activity as a function of depth, season, and
location on the lake will be required to understand the factors that lead to seasonal anoxia
and to determine the potential impacts of newly discovered anaerobic metabolisms in the
hypolimnion (e.g., arsenic and iron reduction and non-oxygenic photosynthesis) as well
as the effects on these processes from increased water delivery to the lake. As previously
mentioned, a study of biogeochemical nutrient cycling would help evaluate the net effect
of these microorganisms on lake ecology.

The usual period of lake turn-over and holomixis from November through
February is a critical time for evaluating long-term trends in the lake, as this is when
spatial and depth variability are minimized. Considerable effort should be taken to collect
a complete set of depth profiles and samples from the lake during this period of deepest
mixing, perhaps every January, to best represent lake-wide conditions on a regular basis
as they reset to an annual baseline before stratification begins, with subsequent onset of
blooms and hypolimnetic anoxia.
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Given the substantial patchiness of water quality conditions in Walker Lake over
time, space and depth, it will be important to characterize this variation by maintaining
multiple monitoring stations across the lake. These should include the long-term sites at
WL3, WL2, and WL4, as well as additional sites near the inflow and outer edges of the
lake. In particular, this monitoring should evaluate the coupling between riverine and lake
processes in the nearshore, since fisheries production in contemporary Walker Lake is
largely driven by benthic production (see Chandra ef al., this volume). Thus, it will be
important to understand physical, chemical, and biological coupling of pelagic production
(algae and detritus) with the bottom sediments and the sediment water interface.
Describing biological diversity, patchiness, production, and fisheries feeding behaviors
across spatial habitats and scales will help provide improved predictions of ecosystem
response to changes in lake volume and water delivery patterns.

The sampling conducted by NDOW, in collaboration with the Walker Lake
Fisheries Improvement Team, has been part of a long term monitoring program on
Walker Lake that along with USGS data has contributed substantially to the Walker Lake
Database and the Walker Lake modeling effort. These are the longest term monitoring
programs on the lake and they should be maintained, with minor modifications and some
additional features as noted above, to provide continued support for development of the
Walker Lake ecological model and to track the progress of Walker Lake restoration.

CONCLUSIONS

Despite the lower water levels and higher salinity associated with reduced
inflows, Walker Lake still exhibits holomixis during winter and stratification during
summer. As typical of other lakes and similar to previous studies in Walker Lake a
decade earlier, nutrient concentrations varied spatially and temporally. The lake continues
to develop anoxic conditions in the hypolimnion during summer, resulting in high
concentrations of ammonia. Internal loading of nutrients, due to microbial activity (e.g.,
water column nitrification) and redox changes in the sediment, continues to be a strong
contributor to the nitrogen budget of Walker Lake. Phosphorus levels remained high
throughout this study, similar to the findings of previous researchers (Beutel and Horne,
1997; Beutel, 2001). As with previous findings, the nutrient data suggest that Walker
Lake is strongly nitrogen-limited, even as water levels have declined in the lake.

Walker Lake has generally poor water quality, with very high TDS, alkaline pH
and major-ion chemistry dominated by sodium, sulfate, chloride, and carbonate. The total
dissolved solids increased during 2007 from 15,000 mg/L in April to 15,900 mg/L in
December.

Phytoplankton blooms continue to reach high biomass levels, as predicted from
the elevated nutrient content (total phosphorus) of the lake. High P:N ratios and alkaline
conditions are likely to remain primary drivers of cyanobacterial biomass dominance in
the phytoplankton. Furthermore, since microbial nitrogenase complexes are sensitive to
oxygen, N-limitation may be the major driver supporting dramatic accumulations of
Synechococcus spp. in the anaerobic hypolimnion.

The large odiferous blooms that have occurred during the past two years are
noteworthy, as these surface accumulations are likely to have detrimental affects on the
lake’s beneficial uses (including recreation and use by waterfowl). Of particular note and
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concern is that projections of lower lake levels in the face of continued internal nutrient
loading sets the stage whereby internal loading provides equivalent or increasing amounts
of phosphorus to a decreasing volume of upper mixed-layer water. Thus, large blooms in
2007 and 2008 may be indicative of the beginning stages in a hypereutrophic, positive-
feedback process that can detrimentally affect lakes as their volume to benthic-surface-
area ratio decreases.

Walker Lake also contains a diverse alkaliphilic microbial community, the
activity of which can affect oxygen concentrations and the habitability of portions of the
water column for fish. Since microbial and microalgal biogeochemistry controls many of
the factors that define ecosystem function and potential—ranging from the availability of
limiting nutrients (N), to toxin production (H,S, NH3) and trophic status—it is evident
that understanding these processes may be essential for predicting effects and developing
sound management strategies as lake conditions continue to change.

An ecological model was calibrated and applied to Walker Lake to investigate
limnological impacts of different Walker River streamflow scenarios. Because detailed
streamflow scenarios based on water acquisition options were not yet available, the utility
of the model was demonstrated by simulating high- and low-flow scenarios, based on
historical streamflow data. These results provided a basis for assessing the potential
changes in lake water quality as new water acquisitions are introduced. However, further
model refinement is necessary before forecasts of ecological conditions can be produced
for specific flow scenarios. The model results were consistent with the recommended
minimum Walker River flow of 112,000 acre-ft (Thomas, 1995) for sustaining the
existing water surface elevation.

Data analysis, modeling results and professional judgment each have contributed
to several recommendations for longer-term monitoring that would track environmental
conditions in the lake over time, including specific indicators important to improve
diagnostic models and other decision tools used for Walker Lake assessment and
management. This work should be considered the starting point for further considerations
of management approaches and it highlights the need for a comprehensive science and
monitoring plan to support targeted research. Ultimately, with continued development,
the Walker Lake ecological model could help to optimize future water deliveries in terms
of lake benefits, which is critical for developing sound management strategies.
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APPENDIX. LIST OF PARAMETERS INCLUDED IN WALKER LAKE

DATABASE.
Parameter Name Parameter Description
General Constituents:
Baro Press Barometric pressure
BOD Biological oxygen demand
COD Chemical oxygen demand
Color Color
Conductivity Conductivity measured in field
Conductivity lab Conductivity measured in lab
DO Dissolved oxygen
DO %sat Dissolved oxygen as % sat
DO chrg DO qa/qc field parameter
Hardness Hardness as CaCOs
Hydroxide Hydroxide
Lake Depth Approximate depth to bottom
Lake Level Elevation of lake level above MSL
Lake Volume Reservoir storage in ac-ft
ORP Oxidation-reduction potential
pH pH measured in the field
pH lab pH measured in the lab
pHmV pH millivolt from field measurements
Salinity
SAR TR Sodium absorption ratio total recoverable
Secchi Depth of clarity with Secchi disk
SS Suspended solids
TDS Total dissolved solids / residue on evaporation
TDScond TDS from conductivity 0.7811(cond)-1035.4
TDSevap TDS corrected for evaporation HCO;x 0.4917
Temperature Temperature measured in the field

Temperature lab
TSS
Turbidity

Temperature measured in the lab
Total suspended solids
Turbidity

Major Ions:
Alk-bicarb-CaCO;
Alk-carb-CaCO;
Alk-Tot-CaCO;

Alkalinity bicarbonate as CaCO;
Alkalinity carbonate as CaCO;
Total alkalinity as CaCO;
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Parameter Name

Parameter Description

Br Bromide

Ca Calcium

CaTR Calcium total recoverable
Cl Chloride

CO;, Carbonate

F Fluoride

F TR Fluoride total recoverable
Hardness TR Hardness as CaCO; total recoverable
HCO; Bicarbonate

K Potassium

Mg Magnesium

Mg TR Magnesium total recoverable
Na Sodium

Na TR Sodium total recoverable
SAR Sodium absorption ratio
Si0, Silica

SO, Sulfate

Trace Elements:

Ag Silver

Al Aluminum

As Arsenic

As TR Arsenic total recoverable

B Boron

B TR Boron total recoverable

Ba Barium

Ba TR Barium total recoverable
Be Beryllium

Be TR Beryllium total recoverable
Cd Cadmium

Cd TR Cadmium total recoverable
Co Cobalt

Cr Chromium

Cr TR Chromium total recoverable
Cu Copper

CuTR Copper total recoverable

Fe Iron

Fe TR Iron total recoverable

Hg Mercury

Hg TR Mercury total recoverable
Mn Manganese

Mn TR Manganese total recoverable
Mo Molybdenum

Mo TR Molybdenum total recoverable
Ni Nickel

Ni TR Nickel total recoverable

Pb Lead

Pb TR Lead total recoverable

S Sulfide

Sb Antimony
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Parameter Name

Parameter Description

Sb TR Antimony total recoverable

Se Selenium

Se TR Selenium total recoverable

Sn Tin

Sr Strontium

Tl Thallium

TITR Thallium total recoverable

U Uranium

U TR Uranium total recoverable

U238 Uranium 238 isotope

U238 TR Uranium 238 isotope total recoverable
\% Vanadium

VTR Vanadium total recoverable

Zn Zinc

Zn TR Zinc total recoverable

Nutrients:

Chl-a Chlorophyll-a

DKN Dissolved Kjeldahl nitrogen (TKN soluble)
DOC Dissolved organic carbon

NT Total nitrogen

N T max Maximum total nitrogen

N T min Minimum total nitrogen

N TIN Total inorganic nitrogen

N TON Total organic nitrogen

NH3-N Un-ionized ammonia as nitrogen
NH4 Ammonia

NH4-N Ammonia as nitrogen

NO2-N Nitrite as nitrogen

NO3 Nitrate

NO3+NO2-N Nitrate-+nitrite as nitrogen

NO3-N Nitrate as nitrogen

OPO4 Dissolved reactive phosphorus
PD Dissolved phosphorus (total soluble phosphorus)
PT Total phosphorus

PAR Photosynthetically active radiation
TKN Total Kjeldahl nitrogen

TOC Total organic carbon

Bacteria:

Bacteria Total
Fecal Strep

Total bacteria
Fecal strep bacteria

Fecal Coli Fecal coliform bacteria

T Coli Total coliform bacteria

E Coli E coli bacteria

Others:

MPN-SRB Sulfate reducing bacteria (most probable number)

Cell counts (DC) Direct counts w/ DAPI (4',6-diamidino-2-phenylindole)
Cell counts (FC) Flow cytometry

MPN-AH Aerobic heterotrophs (most probable number)

MPN-F Fermenters (most probable number)
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Parameter Name

Parameter Description

MPN-FeRB Iron reducing bacteria (most probable number)
MPN-S Sulfur reducers (most probable number)

N fixation Nitrogen fixation pmol

PC-R2A Aerobic heterotrophs (plate count)

PC-S Sulfur reducers (plate count)

Phospholipid Phospholipid fatty acid analysis
Zooplankton E Enumeration, C and N isotope and fatty acid
Zooplankton Stoi Stoichiometry (C, N, and P)

Fatty Acid pg/mg C or pg/mg dw

MPN-NR Nitrate reducers (most probable number)
Profiles:

Conductivity Measured at site during profile

DO Measured at site during profile

DO % sat Measured at site during profile

ORP Measured at site during profile

PAR Measured at site during profile

pH Measured at site during profile

Salinity Measured at site during profile

TDS Measured at site during profile

Temperature Measured at site during profile
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A.2: USER MANUAL: WALKER LAKE DATABASE VERSION 1.0

Contributing Authors: Alexandra Lutz and Alan Heyvaert

INTRODUCTION

The database and documentation are designed for the Walker Lake Task 6
Implementation Plan. The following documentation is designed to be a simple user’s
manual of the database as designed for the Walker Basin project. Users familiar with
Microsoft Access™ can operate the database by using the existing tables and by building
their own queries. Those unfamiliar with Microsoft™ Access will find explanation in the
steps below on how to build their own queries.

Data were obtained from sources including: the Nevada Division of
Environmental Protection (NDEP), the Nevada Department of Wildlife (NDOW), the
U.S. Geological Survey (USGS), the Desert Research Institute (DRI), and the University
of Nevada, Reno (UNR). Contact information is given in the appendix. (Special thanks
go to these organizations and their staff for their assistance and provision of data.) Some
organizations have ongoing sampling programs at Walker Lake; at the time of writing,
data in the database were the most currently available. Though the project emphasized
data collection for the lake, some data for Walker River were also entered into the
database.

The overall database structure considered compilation of information and efficient
queries. Data for Walker Lake were diverse with respect to factors including: time
sampled, location sampled, groups collecting samples, and physical parameters sampled.
Since so many organizations were represented, the format of data varied widely. For the
data and database to be a useful tool, structure of the database considered questions that
users might ask. Conducting queries to answer such questions required the database to be
relational and for the data to be normalized.

A relational database structure allows data to be searched by various
combinations of factors, such as time and parameter (was chloride tested in March?);
group, location, and time (did DRI collect samples at WL2 in 2007?); or all available
records for a parameter (conductivity since the lake has been sampled). Normalization of
data is necessary to construct a relational database. Normalization also increases database
efficiency, minimizes logical and structural problems, and decreases duplication of
information. Figure 1 is a basic flow chart of the database structure.
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4 Walker Lake Switchboard IQ“W’S*’C”? By

12

13

View Calendar

L4

Wiew Documents T

Parameter, Organization,
Site, andfor Dates

4' Walker River |7 —(Advanced Search >
Search by Parameter,
Organization, Site, andfor Dates

4<&d\ranced Search >

Basic flow chart of the database structure.

SWITCHBOARD

The Switchboard automatically launches when the database is opened. From the

switchboard, the following can be done:

Query for WL1, WL2, WL3, WL4, and/or WL6 by clicking on those sites
Launch a form to query by parameter, organization, site and/or time
Launch an advanced query

View a calendar of sampling events

View documents pertaining to the lake
Click to search Walker River Records
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‘3 frmswitehboard Form!
*| Welcome to Walker Lake

Search Walker Lake Records:

Click on a location to the right

Search by parameter, organization, site, and/or time

View Calendar of Sampling Events at Walker Lake

e
Advanced Search
View Docurments Pertaining to Walker Lake

Click Here to Search Walker River Records

Please read the user's manual for this database. Click here for a copy.

QUERIES/SEARCHES
Search by Parameter, Organization, Site, and/or Time

Clicking the Search by Parameter, Organization, Site, and/or Time button will launch the
search form seen below. The user checks the relevant boxes and makes selections from
corresponding drop-down menus. In the case of searching by a date, the user must enter
the date in the format DD-MMM-Y'Y. The following example depicts a search for all
arsenic (As) records reported by NDEP:

Check Parameter is box; select As from drop-down menu

Check Reported by box; select NDEP from drop-down menu

Click Search
Search Walker Lake Data A
Osite is: V]
Parameter is: A5
Reported by: ER B
Osampled between: and
DMy DO-MIMI-TY

The search yields the following records.
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= grySearch : Select Ouerny, __J\_J{j
|| SamplelD| SampleSitelD | SampleLablD | SampleDate | SampleTime |Instrumentheth| SampleDepth | |Parametert | ReportingUnit |
] 29-Apr-94 0.00 i 1080 As ugil

L 08-Gep-98 10:30 i 984 As ugil

[ | sazeE w0t 09-Nav38 10:30 i 970 As ugil

(| sEzerwn 20-Jan-99 11:08 i 867 As ugiL

[ | sem3we 24-Jun-99 13.00 21 924 As ugil

[ | se21 w2 24-Jun-99 1200 0.5 967 As ugil

[ | semaw 24-Jun-99 12.30 10 937 As ugil

[ | s5m2awis 07-Jul99 12:30 30 500 As ugil

|| 55395 W4 07-Jul-83 13:30 23 740 As ugfl

| 55393 WL4 07-Jul-89 13:00 05 740 As ugfl

|| 55323 WL3 07-Jul-99 12:00 15 740 As ugil

|| 55394 W4 07-Jul-99 14:00 14 740 As ugfl

[ | sE32wis 07-Jul59 10:30 05 800 As ugiL

| sEzzewut 13-Jul-89 11:40 0 910 As ugiL

] ssmawe 23.8ep-99 11:30 05 950 As ugil

Record: [14] T [ ] o1]psk] of 267 <] o o ]

To export these records (or any records resulting from any query), go to the File menu.

Click Export.

Under Save as Type choose Microsoft Excel 97-2003 (or other format) and be sure to

check the box Save Formatted.

Note: The date field exports a two-digit year. The user may highlight the date column and

select “Format, Cells” and choose a date format with four digits.

EXportiRU ey qrySeanch oS
Save in: ) My Documerts | _. 3 - A | Q

3y DBlueZone FTP
MyLnicant DHOBOware
Docurments ;My eBOOkS
i EMy Music
DE's-kfp EMy Pictures
DMy Received Files
/| ©@New Folder
My Documents | (SpringerLink - Journal Article_files
— 2 UBS Online Services Enrollment_files
_‘35‘5 SUpdaters

My Computer

\"_J File name; qgrySearch
My Mebwark, [] Auta
Places Save asbypet | Microsoft Excel 97-2003 D

DT =l

Ca _=| * Tools -

=12DISTRICT BY B
Hldjd-master-ppt-¢
Hldjd-master-ppt-¢
DRI TRAINING I

Al Save formatted Export Al |

stark

Cancel
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Advanced Query/Search

conductivity.

=lgryAdvancedsearch s

In an advanced search query, the user can enter multiple choices in search fields.
Clicking the Advanced Search button launches the query seen below. The following
example depicts a search for records from WL2 and WL3 for both fluoride (F) and

select Query.

- [8]X]

SamplelD
Samplesiteln
SampleLsbID
SampleDate
SampleTime
InstrumentMethodID
SampleDepth
Samplevalue
ParameterQualfieriD
ParameterlD
ReportinglnitID
ReportedsyID
Frofile

HoldTime

Field:
Table:
Sort:
Show:
Criteria:
o

= gnyAdvanEedSeanchis

SamplesitelD

SampleLabID:

SampleDate

InstrumentMethod

SampleDepth

Samplevalue

ParameterQualifier

ParameterlD

ReportingnilD

Rer

thlwalkerl akeData

thiwalkerl skeData

thiwalkerl skeData

thlwalkerl akeData

thiwalkerl akeData

thlwalkerl skeData

thiwalkerl skeData

thlwalkerl akeDats

thiwalkerl skeData

thiwalkerl skeData

=

[T

In the criteria space for SampleSitelD, enter “2 or 3” (see numerical list of sites in
the Appendix) to represent WL2 and WL3.

In the criteria space for ParameterID, enter “30 or 44” (see numerical list of
parameters in the Appendix) to represent conductivity and fluoride.

Select Query

HEE

SamplelD
SampleSitell
SampleLabiD
SampleDate
SampleTine
InstrumentMethodiD
SampleDepth
Samplevalus
ParametertualfierID
ParameterlD
ReportingLnitis
ReportedsyID
Prafile

HoldTime

Field:
Table:
Sort
Shiow:
Criteria;
ort

SampleGitelD

SampleLsbID

SampleDate

SampleTime

InstrumentMethad

SampleDepth

SamplEvae

ParameterQualfier

ParameterID

ReportingnitlD

Rer

thhwalkerlakeData

tbiwalkerlakeData

thiwalkerlakeData

thiWalkerlakeData

thitwalkerLakeData

thiWalkerlakeData

thbw/alkerlakeData

thliwalkerlakeData

thiwalkerlakeData

thhwalkerlakeData

thiv

zor3

30 or 44
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Under the View menu, click Datasheet view to display the search results.

EaryAdVancedSearchERSS| SCERQ STy

- 8[x

SampleSitelD

| SampleLablD

| SampleDate | SampleTime [Instrumentheth| SampleDepth | Samplevalus | ParameterQuali

ParameterlD

| ReportingUnitiD | RepartedBylD |

W3
W3
W3
W3
W3
W3
W3
W3
W3
W3
W3
W3
W3
W3
W3
W3
W3
W3
W3
W3
W3
W3
W3
W3
W2
W2
W2
W2
W2
W2
W2
W2

To export these records (or any records resulting from any query), go to the File menu.

v
Record: [14] T (v ] ]po¥] of 2838

Click Export.

Under Save as Type choose Microsoft Excel 97-2003 (or other format) and be sure to

23-Aug 06
23-Aug-06
23-Aug-06
23-Aug-06
23-Aug-06
23-Aug-06
23-Aug-06
23-Aug-06
23-Aug-06
23-Aug-06
23-Aug-06
23-Aug-06
23-Aug-06
23-Aug-065
23-Aug-065
23-Aug-065
23-Aug-065
23-Aug-065
23-Aug-065
23-Aug-065
23-Aug-06
23-Aug-06
23-Aug-06
23-Aug-06
23-Aug-06
24-Jun-99
24-Jun-99
24-Jun-99
23-5ep-99
23-5ep-99
23-5ep-99
20-Dec-93
20-Dec-93
20-Dec-99

check the box Save Formatted.

16:35
16:36
16:37
16:38
16:39
16:40
16:41
16:42
16:18
16:19
16:20
16:21
16:22
16:23
16:24
16:25
16:26
16:27
16:28
16:29
16:30
16:31
16:32
16:33
16:34
12:00
12:30
13:00
11:30
12:15
11:50
10:00
10:30
11:00

18.9
20
209
el
231
24.1
253
256
0.29
03
32
6.2
93
9.4
10
10.8
1.6
12.2
12.8
136
13.9
15
16.1
16.9
18
05
0
21
05
14
)
05
12
26

20900
20900
20900
20900
20900
20900
20900
20700
19100
19200
19100
19100
19100
19100
19100
19200
20000
20200
20200
20400
20400
20500
20700
20800
20800
15405
15487
15515
15381
16048
15838
15788
15772
1?755

Conductivity
Conductivity
Conductivity
Conductivity
Conductivity
Conductivity
Conductivity
Conductivity
Conductivity
Conductivity
Conductivity
Conductivity
Conductivity
Conductivity
Conductivity
Conductivity
Conductivity
Conductivity
Conductivity
Conductivity
Conductivity
Conductivity
Conductivity
Conductivity
Conductivity
Conductivity
Conductivity
Conductivity
Conductivity
Conductivity
Conductivity
Conductivity
Conductivity
Conductivity

uSfcm
uSfermn
uSfermn
uSfermn
uSfermn
uSfermn
uSfermn
uSfermn
uSfermn
uSfermn
uSfermn
uSfermn
uSfermn
uSfermn
uSfermn
uSfermn
uSfermn
uSfermn
uSfermn
uSfermn
uSfermn
uSfermn
uSfermn
uSfermn
uSfermn
uSfermn
uSfermn
uSfermn
uSfermn
uSfermn
uSfermn
uSfermn
uSfermn
uSfermn

UsSGs =
UsSGS
UsSGS
UsSGS
UsSGS
UsSGS
UsSGS
UsSGS
UsSGS
UsSGS
UsSGS
UsSGS
UsSGS
UsSGS
UsSGS
UsSGS
UsSGS
UsSGS
UsSGS
UsSGS
UsGS
UsGS
UsGS
UsGS
UsGS
NDEP
NDEP
NDEP
NDEP
NDEP
NDEP
NDEP
NDEP
NDEP

Note: The date field exports a two-digit year. The user may highlight the date column and

select “Format, Cells” and choose a date format with four digits.

Save in:
=
£

My Recent
Dacuments

F ‘}#

Desktop

.--j
My Docurnents

My Computer

Iy Metwaork,
Places

L} My Documents

SBlueZone FTP
©HOBOware

DMy eBooks

ﬂMy Music

EMy Pictures

DMy Received Files
S New Folder

Export Query qrySearchi To...

2|a

SSpringerLink - Journal Article_files
LUBS Online Services Enrollment_files

SUpdaters

File name; qgrySearch

Save asbype! | Microsoft Excel 97-2003

O

Save formathed
|:| Autostart

T

4 EH - Tods -

H12DISTRICT BY B
Hldid-master-ppt-s
Hldid-master-ppt-s
DRI TRAINING I

Exzport Al |7
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CALENDAR

Clicking the calendar button launches the calendar form. In the interest of brevity,

parameters were organized into groups: general constituents, bacteria, major ions,
nutrients, trace elements, and other. The user can view lists of parameters included in
groups by clicking on the relevant button. The example below shows the list of general
constituents. All lists are included in the appendix to this report.

= 1 o] o 1ot T~ s =
saryRanamilGEnConstEES SIS I ]“3 =
ParameterMame | ParameterDescription i
— : Click for list of parameters
Barormetric Pressure £ = D D D [:] D D G
Biological oxygen demand go o) g;] § E —ED Q 5,_:' g
Chemical oxygen demand Diate PeporedBy 22 & 2 F = 2B &
Calar B s -
| [Caonductivity Conductivity measured in field i
| |Conductivity lab | Conductivity measured in lab 11-Augr04] [NDOW [ N 1 (O [
| |Lake Depth Approximate depth to bottorm
oo Dissolved Diygen 01-Sep-0d [NOOhY a4 4 4 4 4 4
| |DO %sat Dissolved Oxygen as % sat 07-Sep-04 [NDEP |l
| |DO chry DO gafe field parameter
Hydroxide Hydroxide 16-Sep-04 [NDOW 4 4 4 4
| |Lake Level Elevation of lake level above MSL 11-0ck04 |NDOWY = @ @l @ & (@ &
| |Lake Volume Reservair Storage in ac-ft
| |omp i 01-Mow-04 [NDOWy [T IR (R [E™ R |
| |pH pH measured in the field 1-Dec0d MO EREERE R REE]
| |pH lab pH rmeasured in the lab
| |pH m¥ pH millivalt from field measurements 06-Dec-04 NDEP 4 4
| |Salinity
| |Secchi Diepth of clarity with Secchi disk DI Jan 05 MNDOVY bDbooooao
| |35 Suspended Solids 01-Fek-08) [MDOW 4 4 4 4 4 ‘4
| |TDS Total dissolved solids f Residue on Evaporation
| ™Scond TOS fram conductvity 0.7811(cond)-1035.4 08Febr-05] |USGS o o oo o o
| |TDSerap TDS carrected for evaporation HCO3x0.4917 07-Mar-05| [NDOW 7 I [ i |
| |Temperature Temperature measured in the field
| |Temperature lab | Temperature measured in the lab 14-tar-05) NDEP “ “ G & O
R EE] Total suspended solids D1-Apr05 |NDOW @ @ @ & @
|| Turbidity Turbidity !
* (5] GoiH D5-Apr-05 [USGS FIRSFIREE S F] @ )
Record: 1 b k| of 27
I T 01-Mey-05| [NDOW IR T [ T TR ]
ick Here fn Searc Alker River Rerords
12-May05 |USGS 4 a4 ‘4 a a4 4
24 May-05 [NDOW 4 4 4 o O
F-May-08 [NDOwW @ A d a 4
01-Jun-05 [NDGCh [T IR [T R ™ [ |
20-Jun-05| [NDOW EIREFIANE] @ e
Record: E 1 @ of 229
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DOCUMENTS PERTAINING TO WALKER LAKE

Clicking the View Documents Pertaining to Walker Lake button launches a list of
documents included with the database. Clicking the link opens the document outside of
the database.

= e . Partaim - = | e Sl 15
|E PocumeEntsIEEREaInine oW al kerslta ke J__Jd

Title “ear  Author: OrganizationsfAgencies Comments Click the link to the document.
» Shaor-Term Action Flan far 2003 | diwalkedwalkerDatabase\ Trout_2003
Cutthroat Trout

Walker River Basin Recovery Team
US Fish and Wildlife

Total Maximum Daily Loads 2005 NDEF Submitted to ERPA diwwalketvwalkerDatahase\NDEP_TMDL

forWalker Lake Bureau of Water Quality Planning

Dept of Conservation and MNatural Resources

Walker River Basin 2007 | Baker, Lauren DRI Wyith annotations diwalkerwwalkerDatabase\Squires_WalkerBikli
Bibliography of Documents ography
Bathyrnetry of Walker Lake 2007 | Lopes. Thomas USGS SIR 2007-5012 with diwalketiwvalkerDatabase\BathymetryAppendi
sipplsmeg Smith, LaFue Bureau of Feclamation ohpeAdiEes G E R
Bathymetry of Walker Lake 2007 Lopes, Thomas USGS SIR 2007-5012 with diwalketWalkerDatabase\BathymetryAppendix
supplementi Smith, LaFue Bureau of Reclamation sppendices AUSGE2007 T
Bathwmetry of Walker Lake 2007 | Lopes. Thomas USGS SIR 2007-5012 with diwWalkerwwalkerDatabase\Bathymetry_Map_LJ
sUpRlement: Srnith, LaRue Bureau of Reclamation aREndices SlE e
Bathymetry of Walker Lake 2007 Lopes. Thomas USGS SIR 2007-5012 with diwalkehWalkerDatabase\Bathymetry USGS2

Srnith, LaRue Bureau of Reclamation sppendices
Ecology of Plankton in 2007 | McKinnon-MNewtan, Laurie LINR haster's thesis diwalkehwalkerDatabaseiMckinnanMewton_T
Walker Lake hesisUNRZ007

Biology Departrment

‘Walker River Basin Surface 2007 | |Pahl, Randy NDEFP dywWalkeriwalkerDatabaseiPahl_Surface'Water
‘“Water Budget Budget2000

Division of Water Planning

Exat
Record: [14] T Mt of 16

WALKER RIVER RECORDS

By clicking anywhere on the text Click Here to Search Walker River Records, the
user will open a new form. Shown below, the form has two options for searching Walker
River records (clicking on sites is not an option for Walker River Records). These
searches operate similarly to those for Walker Lake, so please see previous sections as to
their use.
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-ox

Wabuska W4

Search by parameter,
organization, site,
and/for time

Advanced Search

7 7
Legend
- River Sites.

TABLES

Users can also peruse records by viewing the tables. This can be done by selecting
Tables on the main menu of Microsoft™ Access. This is typically found to the left and
behind the Switchboard in the Microsoft™ Access desktop, or by going to the Window
menu and selecting “WalkerLake1.0: Database (Access 2000 file format).

bfﬁ.‘ﬁ?‘ eriake 1.0 Databaso (Aq
SOpen & Design ONew | * |4 - [Em

Objects |80 Create table in Design view
5 Tables 5-1 Create table by using wizard
3 Queries |8l Create table by entering data
= | 3 thiCalendar
Forms | 2 thiCoordinates
@ Reports | 3J thiDocuments
“d Pages | 3 tblInstrumentMethod
| 3 thlParameters
; :::’:; | 2 tiQualifiers
| 3 tblReportedBy
Groups | 9 thIReportingUnits
® Favorites || tbiSampleSites|
| 7 thiSampleSitesRiver
| 7 thiwalkerBasin
| 7 thiwalkerLakeData
| 3 thiwalkerRivarData

Open the table “tblSampleSites” by double-clicking on its name. Additional
information, including comments, site description, and location (GPS coordinates), is
listed.
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17 Walker Lake
18 Walker Lake
19 Walker Lake
20 Walker Lake
21 Walker Lake
22 Walker Lake
1 Walker Laka
24 Walker Lake
75 Walker Laks
26 Walker Lake
37 Walker Laka
2 Walker Lake
29 Walker Lake
30 Walker Lake
31 Walker Lake
32 Walker Lake
33 Walker Lake
34 Walker Lake
36 Walker Lake
45 Walker Laky
AT Walker Lake
49 Walkgr Lake
50 Walker Lake
51 Walker Lake
52 Walker Lake
53 Walker Lake WLDE (L2707

[ T Iv#]of a4

Wialker Lake - Roso Ceoek Alluvial Fan
Walker Lake - Rose Creek Alluval Fan 2
Walkor Lake - South End

‘Walker Lake - Bullnush very South End
Walker Lake - Cattorwnad Vahe Box 14

=T
. Walker Lako W1 "Walkor Luky Sportsman's Bwach Boat Dock |
L 2'Walker Lake W Walker Lake 2 south
*| 3 Walker Lake W3 Walker Lak 3 center
¥ 4 'Walker Lake WL Walker Lake 4 narth
- & Walker Lake  WLS Walker Lake §
L B Walker Lake WLE Walker Lake B rver mouth
l 7 Walkir Lake  WLET Walker Lake ET Station (1m depth)
* 8 Walker Lake WLLS Walker Lake near Hawthome
. 11 Walker Lake WLWE Walker Lake - West Side Cliffs
bl 12 Walker Lake WLP1 Walker Lake - Observation Paint 1 USGS
. 13 Walker Lake  'WLP2 Walkor Lak - Obsanatian Paint 2
* 14 Walker Lake  WLP3 Walker Lake — Observation Point 3
. 16 Walker Lake  WLP4 Walker Lake — Obsesvation Paint 4
* 16 Walker Lake  WLWL Walker Lake - Town of Walker Lake

Beutel approx bbwn WL3 and WLT
DR gite on 04/27/2007
ORI site on 04272007
DR gite on 04/27/2007
DR ity on 042772007
DRI site an 04/27/2007
DRI sile on (42772007

1 £ 9 1 2 0 T D 1 9 E T E 8 B E ) A

S|t Tl el Rin| e et F| e F |t | t]e we "

Recond: [14] 4

38650833 -11B.714702
W7 NBTNTE
3BTSITOR -118.724%98
BT 1187053
3878020 1B T19167
3BETEBET  -11B.T71I1
WET2ES  AATETNT
3BEE5083  -118.726278
JEE0O06 1A 722806
BETIIM 1187272
3701083 118691303
JBE4ELT2  -11B.T4TERR
E14944 118 700
WENZS 108705083
G140 110 70160
FEEDSE 118701448
B|EE  18TI6
W|rEEET 87207
WA A TH0ET
BTG4 118 TATET
3BFITEEI 187206
|ITSIET -118.7201
38780133 18730933
F|IGAET 172167
BTETT BTIE367
FIEHEI 18715533
-k R - i i
FBIGIIT NBTEXET
3|89 110720383
FITEE N8I
30718367 118712
306637 -118.760067

3 B 118757
B/EEINNIF 1107537
WEETES 1187503
20640700 -110.7461
FWEAET  118.749117

6215
347136

47450
34707

48052
TR

428321 NDEP coordinates, NADES
427425 MDEP coordinates, NADS3
NADE3

5 NOEP coordinate:

4292319 NDEP coordind
42507 USGS coardinates,
4282385 |USCS coordinstes,
AZNAS USGS coardinaes,
4281025 USGS coordinstes
A2004%0 USGS coardinate
4281681 USGS coordinste:
44968 USGS conrdinates,
4279217 USGS coordinstes,
4275430 USGS coardinates,
AZTSONT LISGS coordinates,
427530 USGS coardinaten
4274556 LSS coordinate
AITEINT USGS coordinmes,
4294302 DRI coordinates, NADE3 LTMI
4294075 ORI cosrdinatas, NADAT LITMI
4292024 DRI coordinates, NADE3 UTMI
4703504 DRI cosrdinates, NADED UTM1
4293233 DRI comdmates, NADES UTM1
A793TE DRI cosdinates, NADET LITME
42939 DRI conndmates, NADES UTM1
4234179 DRI coordinates, NADEI UThI
423350 DRI coprdimates, NADES UTM1
4293680 DR coordinates, NADEI UTMI
AZIAT DRI coordmates, NADES UTM1
4293081 DRI coondinate

429556 DRI comdmates, NADES UTM1
4706330 DRI coondinates, NADED UTHI
|No known coprdmatis
4203160 DRI coordinates,
4730017 DRI cordinates,
4200619 DRI coordinates,
473023 DRI comrdinates,
4279243 DRI coordinates,
2278675 DRI coondinates,

To export these records (or any records depicted in any table), go to the File menu.

Click Export.

Under Save as Type choose Microsoft Excel 97-2003 (or other format) and be sure to

check the box Save Formatted.

Save in: | (L} My Documents

L&) DBlueZone FTP

My Recent = HOBOware
Docurments EBM)' eBooks
&AM y Music
Desktap @My Pictures

DMy Received Files

5 DNew Folder

mypocuments | (ESpringerLink - Journal Article_files
? 2 UBS Online Services Enrollment_files

2DISTRICT BY B
djd-master-ppt-¢
djd-master-ppt-¢
DRI TRAINING I

DUpdaters
My Computer
: File name: |quSaarch T save formateed [ Eypor Al v
Iy Network [ Autastart
Places Save a5 bypet | icrosaft Excel 57-2003
e — |
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More information can be obtained by clicking on the + symbol on the left column
of thiSampleSites. The example below is for WLVB, Cottonwood Valve Box 14, and
shows samples collected at that site.

= thiSampleSites : Table AER
| SampleSitelD | LocationlD | SampleSite | SampleSiteDescription | LatDD | LongbD | utmE | utmN | SampleSiteComments [=
1 e} 1 Walker Lake W1 ‘Walker Lake Sportsman's Beach Boat Dock | 38667833 -118.768833 346158 4283621 NDEP coordinates, NADB3 UTh
IIE 2 Walker Lake W2 Walker Lake 2 south | 38650833 -118.714702 360788 4279425 NDEP coordinates, NADS3 UTh
e 3 Walker Lake W3 Walker Lake 3 center | IB7 118721795 360274 4284893 NDEP coordinates, NADSS UTh
2| & 4 Walker Lake WilLd Walker Lake 4 north | 38751703 -118.724996 360104 4290636 NDEP coordinates, NADSS UTh
1 e} 6 Walker Lake WS Walker Lake & | |
I IE B Walker Lake WLB Walker Lake B river mouth | 36.7759 -118.72353 360262 4293319 NDEP coordinates, NADSS UTh
el 7/Walker Lake  WLET Walker Lake ET Station (1m depth) [ 38745222 -118.719167| 350597 4289907 USGS coordinates, NADE3 UTH
| &  Walker Lake WLLS ‘Walker Lake near Hawthorne | 38676667 -118.771111 345935 4282385 USGS coordinates, NADB3 UTH
| |*| 11 Walker Lake WLWC Walker Lake - West Side Cliffs | 38672389 -118.767917 346204 4281905 USGS coordinates, NADB3 UTH
e 12 Walker Lake WLP1 ‘Walker Lake - Observation Point 1 USGS 38 665083 -118.726278 348811 4281025/ USGS coordinates, NADB3 UTH
| | 13 Walker Lake WLP2 Walker Lake - Observation Point 2 38.660306 -118.722806 350104 4280420 USGS coordinates, MADE3 UTH
| | 14 WWalker Lake WLP3 ‘Walker Lake — Observation Point 3 38.671194 -118.712722 351004 4281681 USGS coordinates, NADE3 UTH
| |~ 15 WWalker Lake WLP4 ‘Walker Lake — Observation Point 4 38.701083 -118.691333 352926 4284964 USGS coordinates, MADE3 UTH
E 16 Walker Lake WLVWL Walker Lake - Town of Walker Lake 38.648472 -118.747639 3478 4279217 USGS coordinates, MADE3 UTH
| |~ 17 Walker Lake WLRC Walker Lake - Rose Creek Alluvial Fan 3B.E14944  -118.708389 351264 4275432 USGS coordinates, NADE3 UTH
[ 18 Walker Lake WLR2 Walker Lake — Rose Creek Alluvial Fan 2 3BEM25 118705083 351544 4275017 USGE coordinates, NADE3 UTH
|| 19 Walker Lake WLEE ‘Walker Lake - South End 38.614028  -118.701889 351828 4275320 USGE coordinates, NADE3 UTH
e 20 Walker Lake WLER Walker Lake - Bullrush very South End 3B.E0B0SE -118.701444 351855 4274856 USGE coordinates, NADE3 UTH
b 21 Walker Lake WLVE Walker Lake - Cottonwaod Valve Box 14 3B8.622638  -118.733361 349108 4278327 USGS coordinates, MADE3 UTH
SampleDate | SampleTime [InstrumentMeth] SampleDepth | SampleValue |ParameterQuali]  ParameterlD | ReportingUnitlD_| ReportedBylD | Profile | HoldTime
[ 23-Aug-06 11:52 032 BES Baro Press mm Hg UsSGs O
[ 23-Aug-06 11:53 0.32 BES) Baro Press mm Hg UsSGs O
|= 23-Aug-06 11:54 0.34 BES Baro Press mm Hg USGs O
|| 23-Aug-06 11:55 13 BES) Baro Press mm Hg UsSGs ]
[ 23-Aug-06 11:56 13 BES Baro Press mm Hg UsGs O
[ 23-Aug-06 11:57 1.3 BES Baro Press mm Hg UsGs O
|=2 23-Aug-06 11:58 23 BES Baro Press mm Hg UsGs O
|| 23-Aug-06 11:58 23 BES Baro Press mm Hg UsGs ]
[ 23-Aug-06 12:00 33 BB5 Baro Press mm Hg UsGs 0
[ 23-Aug-06 120 33 665 Baro Press mm Hg UsGs 0
|=2 23-Aug-06 12:02 42 665 Baro Press mim Hg UsSGS [}
[ ] 23-Aug-06 12:03 42 BB5 |Baro Press mm Hg USGS O
[ ] 23-Aug-06 12:04 5 BB5 |Baro Press mm Hg USGS 0
[ ] 23-Aug-06 12:05 5 BE5 |Baro Press mm Hg (USGS 0
i 23-ALg-06 12:06 [5} BE5 |Baro Press rmrm Hy USGS O
[ ] 23-Aug-06 12:07 68 BE5 |Baro Press rmrm Ho USGS (]
LI 23-Aug-06 12:08 68 BB5 | Barg Press mrn Hy USGS O
[ ] 08-hdar-07 18:07 01 BE7 | Barg Press rarn Hg (USGS O
[ ] 0f-tdar-07 15:08 05 B57 | Barg Press mrn Hy USGS O
08-ar-07 15:09 1 BE7 Baro Press rmrm Ha USGS O
Record: [14] 4] B0 (<] [ i’ ]
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Another example opens the table “th/Parameters” to view all calcium (Ca)

records stored within the database.

File Edit View Insert Format Records Tools Window Help Type a question for help =

1
2
3

Alk-bicarb-CaC 03 \A\kar\mﬂtb'icarbunalre as CaC03
4 Alk-carb-CaC03  Alkalinity carbonate as CaCO3
Total Alkalinity as CaC03

(Arsenic
| Argenic Total Recoverable
Boron
Boron Total Recoverable

Barium )
Bariurn Total Recoverahble

Barometric Pressure

14Be Berylium )
15 Be TR Beryllium Total Recoverable
16 BOD  Biological oxygen demand
17 Br B

18 Ca Calcium
SamplelD | _SampleSitel SampleLablD [ SampleDate | SamplsTime [InstrumentMeth| SampleDepth | Sampletalue | ParameterQuali] RsportingUnitlD_| ReportedBylD
[ srmwi [ 19.Dectn 1140 [E | [NDEP
L 87721 WL3 03-Apr-00 11:20 16 NDEP
7 03-Apr00 11:40 p INDEP
27-Jun-00 11:10 05 MDEP
27-4un 00 11:45 17 npEP
11:30; 28 MDEP
1115 05 InpER
1180 i
15 E
05

1
| 30-May-01]
|

=1
r

R oo oloooososoosoooooonoon

Datasheet View NUM
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APPENDIX A.2.1. LIST OF CONTACTS FOR DATA INCLUDED IN THE
WALKER LAKE AND RIVER DATABASE.

University of Nevada, Reno. Department of Natural Resources & Environmental
Science. Mailstop 186. Knudtsen Resource Center, 1000 Valley Road, Reno, NV,
89512. (775) 784-6763 or (775) 784-4020. Fax; (775) 784-4583.

Desert Research Institute. Department of Hydrologic Sciences and Department of Earth
and Ecosystem Sciences. 2215 Raggio Parkway, Reno, NV, 89512. (775) 673-7300

U.S. Geological Survey, Nevada Water Science Center. 2730 N. Deer Run Rd, Carson
City, NV, 89701. (775) 887-7600. http://nevada.usgs.gov/walker/contactus.htm.

Nevada Division of Environmental Protection, Bureau of Water Quality Planning. 901 S
Stewart Street, Suite 4001, Carson City, NV, 89701-5249. (775) 687-9444
http://ndep.nv.gov/bwqp/staff.htm.

Nevada Department of Wildlife, Headquarters. 1100 Valley road, Reno, NV 89512.
(775) 688-1500. Fax: (775)423-8171. ndowinfo@ndow.org .
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APPENDIX A.2.2. LIST OF PARAMETERS AND CORRESPONDING
NUMBERS FOR ADVANCED QUERIES.

Parameter ID Parameter Name Parameter Description

1 Ag Silver

2 Al Aluminum

3 Alk-bicarb-CaCO; Alkalinity bicarbonate as CaCOs
4 Alk-carb-CaCO; Alkalinity carbonate as CaCO;
5 Alk-Tot-CaCO; Total alkalinity as CaCOs

6 As Arsenic

7 As TR Arsenic total recoverable

8 B Boron

9 B TR Boron total recoverable

10 Ba Barium

11 Ba TR Barium total recoverable

12 Bacteria Total

13 Baro Press Barometric pressure

14 Be Beryllium

15 Be TR Beryllium total recoverable
16 BOD Biological oxygen demand
17 Br Bromide

18 Ca Calcium

19 Ca TR Calcium total recoverable

20 Cd Cadmium

21 Cd TR Cadmium total recoverable
22 Cell counts (DC) Direct counts w/ DAPI

23 Cell counts (FC) Flow cytometry

24 Chl-a Chlorophyll-a

25 Cl Chloride

26 Co Cobalt

27 CO3 Carbonate

28 COD Chemical oxygen demand

29 Color Color

30 Conductivity Conductivity measured in field
31 Conductivity lab Conductivity measured in lab
32 Cr Chromium

33 Cr TR Chromium total recoverable
34 Cu Copper

35 Cu TR Copper total recoverable

37 DKN Dissolved Kjeldahl nitrogen (TKN soluble)
38 DO Dissolved oxygen

39 DO %osat Dissolved oxygen as % sat
40 DO chrg DO ga/qc field parameter

41 DOC Dissolved organic carbon

43 E Coli E coli bacteria

44 F Fluoride

45 F TR Fluoride total recoverable
136 Fatty Acid ug/mg C or ug/mg dw

46 Fe Iron
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Parameter ID Parameter Name Parameter Description

47 Fe TR Iron total recoverable

48 Fecal Coli Fecal coliform bacteria

49 Fecal Strep Fecal strep bacteria

139 Flow Surface flow measured at gage

50 Hardness Hardness as CaCO;

51 Hardness TR Hardness as CaCOj; total recoverable

52 HCO3 Bicarbonate

53 Hg Mercury

54 Hg TR Mercury total recoverable

55 Hydroxide Hydroxide

56 K Potassium

36 Lake Depth Approximate depth to bottom

57 Lake Level Elevation of lake level above MSL

58 Lake Volume Reservoir storage in ac-ft

59 Mg Magnesium

60 Mg TR Magnesium total recoverable

61 Mn Manganese

62 Mn TR Manganese total recoverable

63 Mo Molybdenum

64 Mo TR Molybdenum total recoverable

65 MPN-AH Aerobic heterotrophs (most probable number)
66 MPN-F Fermenters (most probable number)

67 MPN-FeRB Iron reducing bacteria (most probable number)
68 MPN-NR Nitrate reducers (most probable number)
69 MPN-S Sulfur reducers (most probable number)
70 MPN-SRB Sulfate-reducing bacteria (most probable number)
71 N fixation Nitrogen fixation pmol

72 NT Total nitrogen

73 N T max Maximum total nitrogen

74 N T min Minimum total nitrogen

75 N TIN Total inorganic nitrogen TIN

76 N TON Total organic nitrogen

77 Na Sodium

78 Na TR Sodium total recoverable

79 NH3-N Un-ionized ammonia as nitrogen

80 NH4 Ammonia

81 NH4-N Ammonia as nitrogen

82 Ni Nickel

83 Ni TR Nickel total recoverable

84 NO2-N Nitrite as nitrogen

85 NO3 Nitrate

86 NO3+NO2-N Nitrate+nitrite as nitrogen

87 NO3-N Nitrate as nitrogen

88 OPO4 Dissolved reactive phosphorus

89 ORP Oxidation-reduction potential

42 PD Dissolved phosphorus (total soluble phosphorus)
90 PT Total phosphorus
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Parameter ID Parameter Name Parameter Description

91 PAR Photosynthetically active radiation

92 Pb Lead

93 Pb TR Lead total recoverable

94 PC-R2A Aerobic heterotrophs (plate count)

95 PC-S Sulfur reducers (plate count)

96 pH pH measured in the field

97 pH lab pH measured in the lab

98 pH mV pH millivolt from field measurements

99 Phospholipid Phospholipid fatty acid analysis

100 S Sulfide

101 Salinity

102 SAR Sodium absorption ratio

103 SAR TR Sodium absorption ratio total recoverable
104 Sb Antimony

105 Sb TR Antimony total recoverable

106 Se Selenium

107 Se TR Selenium total recoverable

108 Secchi Depth of clarity with Secchi disk

109 Si02 Silica

110 Sn Tin

111 SO4 Sulfate

112 Sr Strontium

113 SS Suspended solids

114 T Coli Total coliform bacteria

115 TDS Total dissolved solids / residue on evaporation
116 TDScond TDS from conductivity 0.7811(cond)-1035.4
117 TDSevap TDS corrected for evaporation HCO5;x 0.4917
118 Temperature Temperature measured in the field

119 Temperature lab Temperature measured in the lab

120 TKN Total Kjeldahl nitrogen

121 Tl Thallium

122 TI TR Thallium total recoverable

123 TOC Total organic carbon

124 TSS Total suspended solids

125 Turbidity Turbidity

126 U Uranium

127 UTR Uranium total recoverable

128 U238 Uranium 238 isotope

129 U238 TR Uranium 238 isotope total recoverable
130 \ Vanadium

131 VTR Vanadium total recoverable

132 Zn Zinc

133 Zn TR Zinc total recoverable

134 Zooplankton E Enumeration, C and N isotope and fatty acid
135 Zooplankton Stoi Stoichiometry (C, N, and P)
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APPENDIX A.2.3. LIST OF WALKER LAKE SITES AND CORRESPONDING
NUMBERS FOR ADVANCED QUERIES.

SampleSiteID | SampleSite SampleSiteDescription

1 WLI Walker Lake Sportsman's Beach Boat Dock
2 WL2 Walker Lake 2 south

3 WL3 Walker Lake 3 center

4 WL4 Walker Lake 4 north

5 WL5 Walker Lake 5

6 WL6 Walker Lake 6 river mouth

7 WLET Walker Lake ET Station (1-m depth)

8 WLLS Walker Lake near Hawthorne

11 WLWC Walker Lake - West Side Cliffs

12 WLP1 Walker Lake - Observation Point 1 USGS
13 WLP2 Walker Lake - Observation Point 2

14 WLP3 Walker Lake — Observation Point 3

15 WLP4 Walker Lake — Observation Point 4

16 WLWL Walker Lake - Town of Walker Lake
17 WLRC Walker Lake - Rose Creek Alluvial Fan
18 WLR2 Walker Lake — Rose Creek Alluvial Fan 2
19 WLSE Walker Lake - South End

20 WLBR Walker Lake - Bullrush very South End
21 WLVB Walker Lake - Cottonwood Valve Box 14
22 WLA DRI site

23 WLB DRI site

24 WLC DRI site

25 WLD DRI site

26 WLE DRI site

27 WLF DRI site

28 WLG DRI site

29 WLH DRI site

30 WLI DRI site

31 WLJ DRI site

32 WLK DRI site

33 WLL DRI site

34 WLM DRI site

35 WLPE DRI site

46 NDOW _Station Beutel- approx btwn WL3 and WL1

47 WLO01 042707 DRI site on 04/27/2007

49 WL02 042707 DRI site on 04/27/2007

50 WLO03 042707 DRI site on 04/27/2007

51 WL04 042707 DRI site on 04/27/2007

52 WLO05 042707 DRI site on 04/27/2007

53 WL06 042707 DRI site on 04/27/2007

54 WLO07 042707 DRI site on 04/27/2007

55 WLO08 042707 DRI site on 04/27/2007

56 WL09 042707 DRI site on 04/27/2007

57 WLI10 042707 DRI site on 04/27/2007
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APPENDIX A.2.4. LIST OF REPORTING ORGANIZATIONS AND
CORRESPONDING NUMBERS FOR ADVANCED QUERIES.

ReportedByID ReportedBy ReportedByDescription

1 USGS U.S. Geological Survey

2 NDEP Nevada Division of Environmental Protection
3 NDOW Nevada Department of Wildlife

4 DRI Desert Research Institutevision

5 UNR University of Nevada, Reno

6 Beutel State of the Lake

7 Historical USGS historical records

APPENDIX A.2.5. LIST OF WALKER RIVER SITES AND CORRESPONDING
NUMBERS FOR ADVANCED QUERIES.

RiverSiteID | RiverSiteName RiverSiteDescription

1 US-395 WWLW US 395 Site

2 Murphy Rvr MURP Murphy River Site

3 Wilson WLSN Wilson Site

4 E Fork STRB East Fork

5 Mason MVWR Mason Site

6 Fulston FLST Fulston Site

7 Wabuska WBSK Wabuska Site

8 Schurz SHRZ Schurz Site

9 Wabuska Geotherm Wabuska Geothermal Well

10 Desert Crk DC Desert Creek

11 E Fork @ Elbow EFE: E Fork Walker River @ Elbow

12 E Fork (@ Stateline EFS: E Fork Walker River (@ Stateline

13 Sweet Water Crk SWC: Sweet Water Creek

14 W Fork @ Wellington W10: W Fork Walker River @ Wellington
15 W Fork @ Nordyke W2: W Fork Walker River @ Nordyke West
16 E Fork @ Nordyke W3: E Fork Walker River @ Nordyke East
17 Rvr (@ Wabuska W4: Walker River (@ Wabuska

18 Rvr @ Topaz Ln W Fork Walker River @ Topaz Lane

19 Rvr @ Hudson W Fork Walker River @ Hudson Gage

20 Rvr @ Snyder Walker River @ Mason Gage @ Snyder Lane
21 Rvr @ Schurz Walker River @ Schurz Bridge

22 Gage Lat2A Siphon River gage (@ Schurz Lat2A siphon

23 Gage Blw Little Dam River gage @ Schurz below Little Dam

24 Gage Above Little Dam River gage @ Schurz above Little Dam

25 Gage Canal2 Little Dam River gage @ Schurz Canal2 near Little Dam
26 Gage Weber Reservoir River gage @ Schurz Weber Reservoir

27 Gage Wabuska River gage (@ Wabuska




APPENDIX A.2.6. CALENDAR OF SAMPLING EVENTS AT WALKER LAKE
FROM 2000 THROUGH 2009 REPRESENTED IN THE DATABASE.

2
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= T Sl 8| 8| E| | K|S
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=¥ = | M s = | A~ >}
g g S|z 2
=4 5 L)
= et
D
Qo
1-Jan-00 | NDOW
25-Jan-00 | NDEP X X X X

1-Feb-00 | NDOW

1-Mar-00 | NDOW
7-Mar-00 | NDEP

1-Apr-00 | NDOW

3-Apr-00 | NDEP

1-May-00 | NDOW

9-May-00 | NDEP
1-Jun-00 | NDOW

27-Jun-00 | NDEP

1-Jul-00 | NDOW

5-Jul-00 | NDEP
1-Aug-00 | NDOW
1-Sep-00 | NDOW

5-Sep-00 | NDEP

26-Sep-00 | NDEP

1-Oct-00 | NDOW
1-Nov-00 | NDOW

14-Nov-00 | NDEP

1-Dec-00 | NDOW

19-Dec-00 | NDEP

1-Jan-01 | NDOW
16-Jan-01 | NDEP

1-Feb-01 | NDOW

1-Mar-01 | NDOW

13-Mar-01 | NDEP

1-Apr-01 | NDOW
1-May-01 | NDOW
30-May-01 | NDEP
1-Jun-01 | NDOW
5-Jun-01 | NDEP
1-Jul-01 | NDOW
31-Jul-01 | NDEP
1-Aug-01 | NDOW
1-Sep-01 | NDOW
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Date

11-Sep-01

Reported By

NDEP

General Constituents

>

Bacteria

>

Major ions

Nutrients

Profile

Trace Element

Other

12-Sep-01

NDEP

s

>

i

12-Sep-01

NDEP

1-Oct-01

NDOW

1-Nov-01

NDOW

13-Nov-01

NDEP

1-Dec-01

NDOW

19-Dec-01

NDEP

1-Jan-02

NDOW

22-Jan-02

NDEP

1-Mar-02

NDOW

12-Mar-02

NDEP

28-Mar-02

NDEP

1-Apr-02

NDOW

1-May-02

NDOW

20-May-02

NDEP

1-Jun-02

NDOW

18-Jun-02

NDEP

1-Jul-02

NDOW

13-Jul-02

USGS

28-Jul-02

USGS

1-Aug-02

NDOW

1-Sep-02

NDOW

24-Sep-02

NDEP

1-Oct-02

NDOW

6-Oct-02

USGS

16-Oct-02

USGS

26-Oct-02

USGS

31-Oct-02

USGS

1-Nov-02

NDOW

10-Nov-02

USGS

15-Nov-02

USGS

1-Dec-02

NDOW

1-Jan-03

NDOW

4-Jan-03

USGS

7-Jan-03

NDEP

14-Jan-03

USGS

19-Jan-03

USGS

1-Feb-03

NDOW

3-Feb-03

USGS

SR R I R B ol O i el P R Rl B ol T I i R i P o e R e I o P R o P ol R E R R e e
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Date

18-Feb-03

Reported By

USGS

General Constituents

Bacteria

Major ions

Nutrients

Profile

Trace Element

Other

23-Feb-03

USGS

28-Feb-03

USGS

1-Mar-03

NDOW

1-Apr-03

NDOW

10-Apr-03

NDEP

14-Apr-03

USGS

19-Apr-03

USGS

1-May-03

NDOW

1-Jun-03

NDOW

10-Jun-03

NDEP

el R I RN L I e R i

10-Jun-03

NDEP

1-Jul-03

NDOW

1-Aug-03

NDOW

7-Aug-03

USGS

1-Sep-03

NDOW

1-Sep-03

USGS

16-Sep-03

USGS

25-Sep-03

NDEP

1-Oct-03

NDOW

1-Nov-03

NDOW

5-Nov-03

USGS

20-Nov-03

USGS

1-Dec-03

NDOW

2-Dec-03

NDEP

1-Jan-04

NDOW

1-Feb-04

NDOW

23-Feb-04

USGS

28-Feb-04

USGS

1-Mar-04

NDOW

10-Mar-04

NDEP

1-Apr-04

NDOW

1-May-04

NDOW

1-Jun-04

NDOW

9-Jun-04

NDEP

14-Jun-04

NDEP

17-Jun-04

USGS

1-Jul-04

NDOW

2-Jul-04

USGS

el T e B ol P B P o e R T B ol P o P ol o R i B o P e

8-Jul-04

NDOW
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Date

1-Aug-04

Reported By

NDOW

General Constituents

s

Bacteria

Major ions

Nutrients

Profile

Trace Element

Other

11-Aug-04

NDOW

1-Sep-04

NDOW

7-Sep-04

NDEP

16-Sep-04

NDOW

1-Oct-04

NDOW

1-Nov-04

NDOW

1-Dec-04

NDOW

6-Dec-04

NDEP

1-Jan-05

NDOW

1-Feb-05

NDOW

el R IR R R R e

8-Feb-05

USGS

1-Mar-05

NDOW

>

14-Mar-05

NDEP

>

1-Apr-05

NDOW

5-Apr-05

USGS

1-May-05

NDOW

>

12-May-05

USGS

24-May-05

NDOW

31-May-05

NDOW

1-Jun-05

NDOW

20-Jun-05

NDOW

1-Jul-05

NDOW

6-Jul-05

NDEP

X P[RR

13-Jul-05

USGS

1-Aug-05

NDOW

i

17-Aug-05

USGS

1-Sep-05

NDOW

29-Sep-05

NDEP

b

1-Oct-05

NDOW

25-Oct-05

USGS

1-Nov-05

NDOW

1-Dec-05

NDOW

6-Dec-05

NDEP

13-Dec-05

NDEP

13-Dec-05

NDOW

1-Jan-06

NDOW

19-Jan-06

USGS

1-Feb-06

NDOW

1-Mar-06

NDOW
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Date

8-Mar-06

Reported By

USGS

General Constituents

Bacteria

Major ions

Nutrients

Profile

>

Trace Element

Other

20-Mar-06

NDEP

>

>

30-Mar-06

USGS

1-Apr-06

NDOW

>

1-May-06

NDOW

8-May-06

NDOW

16-May-06

USGS

30-May-06

NDOW

1-Jun-06

NDOW

21-Jun-06

USGS

26-Jun-06

NDEP

28-Jun-06

NDOW

1-Jul-06

NDOW

21-Jul-06

NDOW

1-Aug-06

NDOW

1-Aug-06

USGS

22-Aug-06

USGS

23-Aug-06

USGS

31-Aug-06

NDOW

SH RIS

1-Sep-06

NDOW

6-Sep-06

USGS

1-Oct-06

NDOW

3-Oct-06

NDEP

19-Oct-06

USGS

1-Nov-06

NDOW

15-Nov-06

USGS

1-Dec-06

NDOW

5-Dec-06

NDEP

1-Jan-07

NDOW

1-Feb-07

NDOW

1-Mar-07

NDOW

SR EIR R

3-Mar-07

7-Mar-07

DRI

>

7-Mar-07

NDEP

>

7-Mar-07

UNR

8-Mar-07

USGS

1-Apr-07

NDOW

27-Apr-07

DRI

1-May-07

NDOW

5-May-07

NDOW
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Date

22-May-07

Reported By

DRI

General Constituent

s

Bacteria

Major ions

>

Nutrients

Profile

>

Trace Element

Other

22-May-07

UNR

>

>

30-May-07

DRI

1-Jun-07

NDOW

13-Jun-07

NDOW

19-Jun-07

NDEP

1-Jul-07

NDOW

10-Jul-07

19-Jul-07

NDOW

1-Aug-07

NDOW

20-Aug-07

UNR

21-Aug-07

NDOW

28-Aug-07

DRI

29-Aug-07

DRI

1-Sep-07

NDOW

18-Sep-07

NDEP

21-Sep-07

NDOW

1-Oct-07

NDOW

2-Oct-07

DRI

3-Oct-07

DRI

3-Oct-07

UNR

3-Oct-07

23-Oct-07

NDOW

1-Nov-07

NDOW

1-Dec-07

NDOW

4-Dec-07

DRI

>

4-Dec-07

UNR

SR E]

>

5-Dec-07

DRI

>

10-Dec-07

NDEP

>

11-Dec-07

NDEP

s

>

>

>

4-Mar-08

NDEP

1-May-08

DRI

2-May-08

DRI

PO P[RR

P[> [
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APPENDIX A.2.7. DESCRIPTION OF PARAMETER NAMES USED IN THE

DATABASE.

General Constituents includes:

ParameterName

ParameterDescription

Baro Press

Barometric pressure

BOD Biological oxygen demand

COD Chemical oxygen demand

Color Color

Conductivity Conductivity measured in field

Conductivity lab  |Conductivity measured in lab

DO Dissolved oxygen

DO % sat Dissolved oxygen as % sat

DO chrg DO ga/qc field parameter

Hydroxide Hydroxide

ORP Oxidation reduction potential

pH pH measured in the field

pH lab pH measured in the lab

pH mV pH millivolt from field measurements

Salinity

Secchi Depth of clarity with Secchi disk

SS Suspended solids

TDS Total dissolved solids / residue on evaporation
TDScond TDS from conductivity 0.7811(cond) - 1035.4
TDSevap TDS corrected for evaporation HCO3 x 0.4917
Temperature Temperature measured in the field

Temperature lab

Temperature measured in the lab

TSS

Total suspended solids

Turbidity

Turbidity

Bacteria includes:

ParameterName

ParameterDescription

Bacteria Total

E Coli E coli bacteria

Fecal Coli Fecal coliform bacteria
Fecal Strep Fecal strep bacteria

T Coli Total coliform bacteria

&3



Major Ions includes:

ParameterName

ParameterDescription

Alk-bicarb-CaCO3

Alkalinity bicarbonate as CaCOs3

Alk-carb-CaCO3

Alkalinity carbonate as CaCO;

Alk-Tot-CaCO3

Total alkalinity as CaCO;

Br Bromide

Ca Calcium

CaTR Calcium total recoverable

Cl Chloride

CO3 Carbonate

F Fluoride

F TR Fluoride total recoverable

Hardness Hardness as CaCO;

Hardness TR Hardness as CaCOj total recoverable
HCO3 Bicarbonate

K Potassium

Mg Magnesium

Mg TR Magnesium total recoverable

Na Sodium

Na TR Sodium total recoverable

SAR Sodium absorption ratio

SAR TR Sodium absorption ratio total recoverable
Si02 Silica

SO4 Sulfate
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Nutrients includes:

ParameterName ParameterDescription
DKN Dissolved Kjeldahl nitrogen (TKN soluble)
DOC Dissolved organic carbon
PD Dissolved phosphorus (total soluble phosphorus)
N fixation Nitrogen fixation pmol
NT Total nitrogen
N T max Maximum total nitrogen
N T min Minimum total nitrogen
N TIN Total inorganic nitrogen
N TON Total organic nitrogen
NH3-N Ammonia as nitrogen
NH4 Ammonia
NH4-N Ammonia as nitrogen
NO2-N Nitrite as nitrogen
NO3 Nitrate
NO3+NO2-N Nitrate+nitrite as nitrogen
NO3-N Nitrate as nitrogen
oPO4 Dissolved reactive phosphorus
PT Total phosphorus
TKN Total Kjeldahl nitrogen
TOC Total organic carbon

Profile includes:

ParameterName ParameterDescription
Baro Press Barometric pressure
Conductivity Conductivity measured in field
DO Dissolved Oxygen
DO % sat Dissolved oxygen as % saturation
ORP Oxidation reduction potential
PAR Photosynthetically active radiation
pH pH measured in the field
Salinity
TDS Total dissolved solids / Residue on Evaporation
Temperature Temperature measured in the field
Turbidity Turbidity
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Trace Element includes:
ParameterName ParameterDescription
Ag Silver

Al Aluminum

As Arsenic

As TR Arsenic total recoverable

B Boron

B TR Boron total recoverable

Ba Barium

Ba TR Barium total recoverable
Be Beryllium

Be TR Beryllium total recoverable
Cd Cadmium

Cd TR Cadmium total recoverable
Co Cobalt

Cr Chromium

Cr TR Chromium total recoverable
Cu Copper

Cu TR Copper total recoverable

Fe Iron

Fe TR Iron total recoverable

Hg Mercury

Hg TR Mercury total recoverable
Mn Manganese

Mn TR Manganese total recoverable
Mo Molybdenum

Mo TR Molybdenum total recoverable
Ni Nickel

Ni TR Nickel total recoverable

Pb Lead

Pb TR Lead total recoverable

S Sulfide

Sb Antimony

Sb TR Antimony total recoverable
Se Selenium

Se TR Selenium total recoverable
Sn Tin

Sr Strontium

Tl Thallium

TI TR Thallium total recoverable
U Uranium

UTR Uranium total recoverable
U238 Uranium 238 isotope

U238 TR Uranium 238 isotope total recoverable
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ParameterName ParameterDescription
\'% Vanadium
V TR Vanadium total recoverable
Zn Zinc
Zn TR Zinc total recoverable
Other Includes:

ParameterName ParameterDescription
Cell counts (DC)  |Direct counts w/ DAPI
Cell counts (FC)  |[Flow cytometry
MPN-AH Aerobic heterotrophs (most probable number)
MPN-F Fermenters (most probable number)
MPN-FeRB Iron reducing bacteria (most probable number)
MPN-NR Nitrate reducers (most probable number)
MPN-S Sulfur reducers (most probable number)
MPN-SRB Sulfate reducing bacteria (most probable number)
PC-R2A Aerobic heterotrophs (plate count)
PC-S Sulfur reducers (plate count)
Phospholipid Phospholipid fatty acid analysis
Zooplankton E Enumeration, C and N isotope and fatty acid

Zooplankton Stoi

Stoichiometry (C, N, and P)

Fatty Acid

Concentration as pug/mg C or pg/mg dw
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A.3: ECOLOGICAL MODEL FOR WALKER LAKE, NEVADA

Contributing Authors: Mark Stone, Alan Heyvaert, Sudeep Chandra, Chris Fritsen, Ron
Hershey, Duane Moser, James Bruckner, Alexandra Lutz, Jeramie Memmott, and Kumud
Acharya

ABSTRACT

The information collected through historical and contemporary Walker Lake
monitoring efforts was incorporated into an ecological model. The objectives of the
model were to 1) integrate historical and contemporary monitoring data; 2) inform future
monitoring strategies; and 3) to provide a tool for testing the impacts of potential water
management strategies on the limnology of Walker Lake. The purpose of this addendum
is to provide a basic description of the modeling techniques, input data, calibration
methods, and results. Recommendations for reducing uncertainty in model forecasts
through future monitoring and research activities are also provided.

The Walker Lake model was developed using coupled hydrodynamic and
ecological components based on the Computational Aquatic Ecosystem Dynamics Model
(CAEDYM). The model was customized to describe the general characteristics (e.g.
bathymetry, water and nutrient inflows, nutrient concentrations, algae and zooplankton
abundance, etc.) of Walker Lake. The model was calibrated using data collected by DRI
and UNR in 2007 and early 2008. The model was then partially validated using historical
data collected by Dr. Alex Horne in 1993 (Horne et al. 1994). A sensitivity analysis was
also conducted to investigate the influence of data and parameter uncertainty on model
predictions. Finally, a series of hypothetical streamflow scenarios were simulated to test
the model’s robustness and to provide initial guidance for water management decisions.
The current model is still in its early stages of development. Ultimately, a refined model
would be capable of forecasting ecological responses to specific Walker River flow
scenarios, as they become available.

MODEL BACKGROUND

CAEDYM was developed at the Center for Water Research (CWR) at the
University of Western Australia (http://www.cwr.uwa.edu.au). The model consists of a
series of mathematical equations representing the major biogeochemical processes
influencing water quality. It contains process descriptions for primary production,
secondary production, nutrient and metal cycling, and oxygen dynamics. In this study,
CAEDYM was dynamically coupled to the one-dimensional Dynamic Reservoir
Simulation Model (DYRESM) to allow investigation of seasonal and annual variations in
Walker Lake physical limnology. The one-dimensional approach assumes that the lake
can be represented by a series of homogeneous horizontal plans. This assumption is
necessary when available data and computational resources are limited and when long-
term simulations are desired.
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Hydrodynamic Model

Vertical temperature, salinity, and mixing patterns in Walker Lake were simulated
using DYRESM. DYRESM was developed at the Center for Water Research (CWR) at
the University of Western Australia (http:/www.cwr.uwa.edu.au). The software is
available free of charge and the source code is provided to the research community.
DYRESM models the lake as a vertical stack of horizontal layers of uniform temperature
and salinity. The model dynamically adjusts the number and thickness of each vertical
layer as necessary to maintain numerical stability. The surface mixed layer, in w