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INTRODUCTION
Because of its geological history, the Lahontan Region has many water bodies which have naturally high salinity and/or naturally high levels of certain “trace” chemical constituents, such as arsenic, which are toxic in high concentrations.   Some waters also have naturally high levels of radioactive elements.  The Lahontan Region has many hot or warm springs, at least two “hot creeks” affected by geothermal springs, saline desert streams such as the Amargosa River, saline/alkaline lakes, saline groundwater aquifers, and saline/alkaline wetlands associated with these systems.  In addition to the multiple mapped “Hot Creeks” and “Warm Springs” in the region, geographic names such as “Salt Creek”, “Amargosa”(Spanish for “bitter”), “Badwater”, “Dirty Sock Hot Spring”, and “Alkali Lakes” reflect historic perceptions of naturally poor water quality.  Under the state and federal guidance used in the Clean Water Act Section 305(b) water quality assessment and reporting process over the last 10 years, many of these waters have been classified as “impaired”, and some have been placed on the Clean Water Act Section 303(d) list of impaired water bodies which require Total Maximum Daily Loads (TMDLs).  Most of the Section 303(d) listings were related to concentrations of chemical constituents exceeding drinking water standards, and  were based on limited data available in the federal STORET database and in U.S. Geological Survey and California Department of Water Resources publications. 

The purpose of this Use Attainability analysis (UAA) is to provide technical justification for  proposed amendments to the Water Quality Control Plan for the Lahontan Region (Basin Plan)  to remove the potential “Municipal and Domestic Supply” (MUN) beneficial use designation from nine specific water bodies.  These water bodies are: Wendel Hot Springs, Amedee Hot Springs, Fales Hot Springs,  Hot Creek, Little Hot Creek, Little Alkali Lake, Keough Hot Springs, Deep Springs Lake, and the Amargosa River.  The locations of these water bodies are shown in Figures 1 through 5.  Deletion of the MUN use would allow these waters to be removed from the Section 303(d) list, and would eliminate the necessity to prepare TMDLs  for them.  Some of the information in this UAA may also be used in justification for future Basin Plan amendments,  Section 303(d) list revisions, and/or TMDLs for other “naturally impaired” waters of the Lahontan Region. (The term “naturally  impaired” is used in this UAA for both saline waters, as defined below, and waters which have total dissolved solids concentrations  below the generally accepted threshold for salinity but which have concentrations of certain trace elements exceeding state or federal water quality criteria. The latter category includes geothermal waters.)

Although the proposed Basin Plan amendments focus on the MUN use, U.S. Environmental Protection Agency (USEPA) guidance requires that attainment of other beneficial uses be analyzed in UAAs as well. “Other” uses of saline and geothermal waters of the Lahontan Region include support of unique biological communities and threatened/endangered species, water contact and non-contact recreation, and industrial uses including geothermal energy production and mineral extraction.  Other possible future uses (uses of saline/geothermal waters elsewhere in the U.S.) include solar energy generation from brine ponds, and “biotechnology” use of microorganisms adapted to the extreme environmental conditions of these waters.

This UAA is a review of readily available scientific literature and information from the Internet; no new field data were collected.  USEPA guidance (1994, page 2-9) allows UAAs to focus on existing data and provides that states may

“conduct generic use attainability analyses for groups of water body segments provided that the circumstances relating to the segments in question are sufficiently similar to make the results of the generic analyses reasonably applicable to each segment”. 

Site-specific information biological information is not available for all of the saline and geothermal waters of the Lahontan Region. When such information is available, it is often based on only a few samples, and, for ephemeral water bodies, does not necessarily reflect long term conditions. The “generic” information on saline and geothermal ecosystems presented below probably applies to a great extent to the waters affected by the proposed Basin Plan amendments. 

CHARACTERISTICS OF SALINE AND GEOTHERMAL WATERS

PHYSICAL AND CHEMICAL CHARACTERISTICS

The commonly used technical definition of “salinity” concerns the salinity of seawater, with specific assumptions about the chemical composition of the salts.  Because the ionic concentration of inland waters is variable, the seawater-related definition does not apply  (SWRCB 1980).  The salinity of inland waters is generally expressed as “total dissolved solids” (TDS) or “electrical conductivity” or ”specific conductivity”.  The definitions of these terms depend on the methods used for measurement.  Hammer (1986) points out that “salinity” is the sum of all dissolved ions,  but TDS is the mass of dissolved material estimated by evaporation to dryness at a specific temperature.  TDS may not include bicarbonate and other ions driven off during the evaporation process. “Dissolved solids” consist of inorganic salts, small amounts of organic matter, and “dissolved materials”  The main inorganic ions are carbonates, chlorides, sulfate, nitrate; sodium, potassium, calcium, and magnesium. TDS also includes phosphates, bicarbonates, and traces of manganese, iron, etc. (USEPA, 1986, McKee and Wolf, 1963).

Specific conductivity (or “conductance”) is sometimes used to measure of salinity as an alternative to TDS.  However, it measures the ability of water to carry an electrical current and does not account for non-ionic constituents.  Values also vary depending on the relative contributions of different ions (Kubly and Cole, 1979, page 25).  Specific conductivity values are usually lower than TDS or salinity values for the same water body, although there are various conversion factors.  Hammer (1986) recommends that conductivity not be used to measure TDS if TDS values exceed 5 parts per thousand.  

Hammer (1986 )  includes the following “arbitrary” classification of waters related to salt content: “fresh” waters have 0 to 0.5 parts per thousand (ppt) salts; “subsaline” waters have 0.5 to 3 ppt, 

and “saline” waters have 3 ppt or greater. Three ppt is equivalent to 3 grams per liter or 3,000

mg/L, the TDS threshold referenced in the California State Water Resources Control Board’s (SWRCB’s) “Sources of Drinking Water Policy”. This concentration is  also cited by Hammer as a widely recognized threshold between fresh and saline waters.  The geothermal waters discussed later in this UAA have TDS levels around 1,000 mg/L, within Hammer’s “subsaline” range.

Saline Lakes. Saline lakes can be classified based on the dominant types of dissolved solids.

They tend to be dominated by either carbonate, chloride, or sulfate (Hammer, 1986). Chloride

lakes are most common worldwide.  They are uncommon in North America, but South Panamint Lake in the Mojave Desert is chloride dominated.  Sulfate dominated lakes occur mostly in North America and the former Soviet Union. There are all possible intermediate types;  Mono and Owens Lakes are carbonate and chloride lakes.  The term “saltern” lake refers to lakes high in sodium chloride, and “soda” lakes are characterized by abundant sodium carbonates and bicarbonates (Thorpe and Covich, 1991).  The upper limits of possible salinity depend on the concentrations at which different constituents become saturated and precipitate from solution.  The least soluble salt is calcium sulfate (gypsum).  For comparison with the Lahontan Region data below, the highest salinity on record (474 g/L) is for Don Juan Pond in Antarctica (Hammer, 1986; NRC, 1987).   The global mean salinity of river water worldwide is 120 mg/L; North American waters average 142 mg/liter. Most of the soft waters in North America have salinities of less than 50 mg/L.  Great Salt Lake has salinity as high as 200 g/L compared to average 35 g/L for oceans of the world (Thorp and Covich, 1991).  

Internal saline lakes form in geographic regions, such as the desert portions of the Lahontan hydrologic basin, where evaporation exceeds precipitation (often due to a “rain shadow”), where salts are available from sources such as the weathering of rocks and soils, and where internal  drainage permits the retention of water.  Saline lakes may occupy “grabens”, basins created by faulting.   Lakes in internally drained regions, such as the playa lakes of the Mojave desert, rarely have any outflow.  Permanent lakes are unlikely in such hot, arid climates, but because precipitation is highly variable, ephemeral lakes may appear and evaporate quickly. Many of the saline lakes and streams of the Lahontan region are remnants of larger water bodies which existed during wetter “pluvial” geologic periods.  Salts in today’s lakes may be “evaporites” concentrated from these larger water bodies.  Other sources of salt include springs and wind transport from other drainage basins.

Lakes of internally drained regions typically have great variation in lake level and surface area, which affects salinity and thus lake biota.  The specific conductance of Middle Alkali Lake in Modoc County (in the Lahontan Region) ranged from a high of 10,170 umho/cm  in December 1982 to a low of 356 umho/cm in May 1983 (Patterson and Jacobson, 1983).  The surface levels of these lakes depend on inflow and evaporation, and thus on long term climatic patters. There is great daily and annual variation in temperature.  
Ephemeral playa lakes are often shallow, due to the flat nature of their basins and to low precipitation (Kubly and Cole, 1979). Their shallow nature results in high evaporation rates, and 

rapid changes in size, They are often completely mixed, and have a high percentage of their water volume in contact with sediments, which may have important impacts on chemical and biological 

processes.  Deeper saline lakes may stratify. More energy is needed mix salt water than freshwater because of its greater density (Hammer, 1986).

The salinity of salt lakes changes seasonally, including dilution by runoff in spring, concentration by evaporation in summer, and freezing out in winter.  During the latter process, the ice formed is fresh water, and the remaining saline solution is more concentrated.   In highly saline lakes, cooling of water may result in precipitation of salts (Hammer, 1986). Surface salinity may change as certain minerals begin to precipitate at low temperatures, as occurs once the salinity of the lake is approximately 125 g/L (NRC, 1987).   Salinity may also vary spatially when freshwater inflows lie on top of salt water (Thorpe and Covich, 1991). Kubly and Cole’s (1979) survey of California  playa lakes showed that salinity varied widely with space and time; the ionic sum of the most concentrated sample was almost 2500 times that of the most dilute, and there was an almost 60 fold increase in concentration in South Panamint Lake between  January and May. Salts may be removed from dry lakes by wind transport (“deflation”), or they may be covered periodically by sediment from flash flooding or wind deposition.

Kubly and Cole (1979) cite a USGS study of Deep Springs Lake in 1965 which showed that surface inflow may undergo significant changes in chemical concentration or composition upon mixing with surface and groundwaters of the lake proper. The maximum increase in TDS between dilute inflow springs and concentrated playa lake water at Deep Springs was recorded in excess of 580 fold.  

There are a few permanent saline lakes in the western U.S., including Great Salt Lake, Mono Lake, Pyramid Lake, and Walker Lake, although these can vary in size depending on precipitation and diversions from tributaries.  However, most of the saline lakes of the Lahontan Region are ephemeral  “playa” lakes. “Playas” are  defined as the “shallow central basin of a desert plain, in which water gathers after a rain and is evaporated” and  “playa lake” as “Broad, shallow sheets of water which quickly gather and almost as quickly evaporate, leaving mud flats or playas to mark their sites” (American Geologic Institute, 1976).  For purposes of beneficial use designations, it is important to distinguish between the surface and ground water portions of a playa lake.  Although some “moist playas” (see below) almost meet the definition of wetlands in having water near the surface, and in some cases such as Searles Lake, the lake sediments are saturated with brine, this water is considered ground water for purposes of the Basin Plan.  The surface water is the ephemeral water which collects above the playa surface. 

Scientists have classified the playa lakes of  Southern California deserts into two major groups, although there are playas showing characteristics intermediate between the two. (The quotations 

below are from Kubly and Cole, 1979.) Group I, or “dry” playas include mostly “hard, flat, dry, cracked, claypan surfaces with little visible salt.”. The dry surfaces result from low groundwater 

levels, loss of subsurface water to adjoining basins, or combinations of these causes. The underlying soils are fine-grained, with clay to silt sized particles. Lakes in Group I playas generally “exhibit high turbidity, contain organic matter exceeding 5% of total solids, have anions dominated by bicarbonate-carbonates, and have relatively low total dissolved solids concentrations.”  The salinities of Group 1 playa lakes range from 100-10,000 micromhos/cm.  Aquatic invertebrates of these lakes are typical of low to intermediate salinity waters.  Winter biota include Branchinecta fairy shrimp.  Group 1 playa surfaces are very smooth when dry, 

which affects their human uses.  Rogers Dry Lake within Edwards Air Force Base is used for space shuttle landings, and a number of dry playas are used for the sport of landsailing.

 The characteristics of Group II  or “moist” playas are largely under control of ground water discharge, directly through playa sediments and from adjacent springs.  The underlying soils are coarse grained and permeable in comparison with Group I playa soils. High water tables and permeable sediments facilitate capillary movement of ground water and salts. Subsequent evaporation leaves saline efflorescences on soft, irregular, “moist” or puffy crusts.  Some of the salts in moist playas, “such as mirabilite (Glaubers’s salts), are sensitive to temperature or humidity and can change the lake surface from firm to mushy in just a few days” (Norris, 1995).

The ephemeral lakes which form in Group II playas have relatively low turbidity, organic matter usually less than 5 percent of total solids, anions dominated by chloride or sulfate, and salinities ranging from less than 20,000 to well over 100,000 umho/cm.  Interstitial brines and or soluble salts in sediments contribute major input to the TDS content of waters. Group II playas may have bordering spring fed marshes with associated semipermanent to permanent pools.  Examples in the  Lahontan Region are Soda Dry Lake, Deep Springs Lake, and Harper Lake.  The invertebrates of Group II playas are mostly those adapted to high salinity.

The pH of saline lakes tends to be basic with values up to 11 pH units.  It can increase in less saline lakes due to photosynthesis. (Hammer, 1986).  In Kubly and Cole’s (1979) survey of playa lakes in California, pH values ranged from 7.5 at South Panamint Dry Lake to 10.0 at Deep Springs Lake.  Values greater than 8.5 (the upper limit of the Lahontan Basin Plan’s water quality objective for pH) were measured in 31 of the 38 lakes sampled.

The sediments of saline lakes include vary soluble evaporites and halite (sodium chloride), less soluble precipitates, inorganic and organic matter from external sources, and organic detritus from lake biota.  Sediment chemistry may change with time of day as minerals become more or less soluble depending on temperature.  Sediment characteristics may reflect the original sites of deposition in Pleistocene lakes, for example at stream mouths or in embayments (Hammer, 1986; Kubly and Cole, 1979).  Hammer (1986) cites a study which showed that turbidity correlated negatively with total dissolved solids in playa lakes in California. The study concluded that turbidity was largely organic and decreased with an increase in salinity.

As salinity increases, dissolved oxygen saturation occurs at lower concentrations at a given temperature.  In hypersaline waters such as Mono Lake, oxygen reaches saturation at

concentrations well below those in fresh water. Where stratification occurs, the bottom waters may be anoxic (Hammer, 1986, NRC, 1987).   Oxygen levels below one part per million are not uncommon in ephemeral ponds, especially at night under summer temperatures.

Because of their “terminal” positions , and in some cases because of geothermal discharges, saline lakes can accumulate high levels of phosphorus.  Hammer (1986) cites concentrations of 900 mg/L phosphate in Searles Lake, 60 mg/l in Mono Lake, and 73.3 mg/L in Deep Springs Lake.

Again, because of their terminal nature and/or geothermal inputs, saline lakes of the Lahontan Region may have high concentrations of trace elements such as arsenic and boron;  borax is mined commercially in several Mojave Desert playas.
Saline Streams. Streams in  internally drained desert regions flow for part of the year due to limited precipitation (rarely more than 100 mm per year), and may terminate in temporary or permanent lakes, or dry up without reaching lakes (Hammer, 1986).  When precipitation does occur, it may be intense and cause flash flooding. Southwestern desert streams tend to have broad channels with extensive alluvial deposits (Vallett et al., 1991).  Some streams, such as the Mojave and Amargosa Rivers, may have most of their flow beneath the surface for most of the year, with perennial flows only in areas where geological barriers cause water to surface.  Apparently there has been little study of ecosystem processes in these streams.  However, research in Arizona and New Mexico (e.g., Vallett et al., 1991) shows that the “hyporheic zone” (including subsurface water and sediment beneath and immediately adjacent to the streambed) can play a very important role in energy and nutrient cycling in desert stream ecosystems.  Sycamore Creek, Arizona, has ground water “upwelling” and “downwelling” zones occurring over relatively short reaches of the stream.  Flooding generally increases upwelling, and reduces downwelling; prolonged drying has the opposite effect. The degree of exchange of hyporheic and surface waters varies over time depending on flooding and drying.  Sediment transport by floods may increase or decrease the size of the hyporheic zone and its influence on stream ecosystem processes.

Geothermal Waters. A USGS (1976) publication defines thermal springs as any spring or well water whose average temperature is noticeably above the mean annual air temperature at the  sampling place.  For European commercial springs, only those above 20o C are considered thermal springs. In the United States, the definition includes springs 15o F above the mean annual air temperature.  Some Hot Creek (Mammoth Creek) area springs "extremely hot" with temperatures of  130o  F or more (Bischoff, 1997).  Norris (1995), in the context of California desert springs, states that hot springs generally have temperatures of more than 100 o F (38o C).  Water near the earth’s surface cannot exceed the boiling point, but high pressure at greater depths can raise water temperature to 752 o F or 400 o C (Bischoff, 1997).

Most hot springs are associated with faults. Faults allow surface waters to travel deeply enough to contact hot rock, and also provide pathways for  heated  water to rise to the surface.  In volcanic areas, very hot rock is present at relatively shallow depth, and hot springs in such areas can be 

very hot. Warm springs are more prevalent in non-volcanic areas (Norris, 1995).  Salts in the waters of hot springs come from the original meteoric waters, condensed magmatic gases, and 

rock-water interactions at depth (NRC, 1987).  There are at least three “hot creeks” in the Lahontan Region, where water temperature, chemistry, and probably biology are significantly affected by discharges from hot springs.  Hot Creek in the upper Owens River watershed is probably the best studied.

BIOLOGICAL CHARACTERISTICS

Biological data are not available for many of the saline and geothermal waters in the Lahontan Region. The following is an overview of the types of plants and animals associated with saline/geothermal waters in general, their adaptations to extreme environmental conditions, and ecological processes associated with them. More specific information on the biota of some of the nine waters currently proposed for removal of the potential MUN use is presented in the summaries of data on specific waters, below.

Biodiversity

Although desert surface waters are often ephemeral and may seem barren, they can support a wide variety of plants, animals and microorganisms when water is present.  A given hypersaline lake may support  large numbers of a relatively few aquatic invertebrate species (Thorp and Covich, 1991). Kubly and Cole (1979) visited 36 Mojave Desert playas in 1978-79 and collected limnologic data from ephemeral lakes and/or associated marsh pools at 24 playas. They also cultured playa sediments in the laboratory.  Kubly and Cole found a “total of 84 aquatic or semi-aquatic invertebrate taxa”, including four major groups: rotifers, crustaceans, insects, and snails. (The snails were thought to be from transient populations carried in by floodwaters from the Mojave River or other streams.)  Sediments from 10 playa lakes supported 43 diatom taxa representing 20 genera, and three genera of blue-green algae.  Flagellated green algae can move to the surface of turbid lakes, and stay below the surface during periods of strong sunlight (Carpelan, 1995). Although they have been relatively little studies, at least 30 species of protozoa are found in saline lakes worldwide.

Birds use saline lakes for feeding, resting, nesting, and staging for migration (Hammer, 1986). A number of bird species visit alkaline lakes of the Great Basin, some of them in great abundance. They include Eared Grebes, Northern Shovelers, Snowy Plovers, Avocets, Northern Phalaropes, Wilson’s Phalaropes, and California Gulls.  Eared Grebes reach peak numbers of 750,000 at Mono Lake in the fall (Mahoney and Jehl, 1984). A study of Middle Alkali Lake in Surprise Valley, Modoc County, (Patterson and Jacobson 1983), when the lake had a depth of about 1 meter, showed about 70 species of birds using the lake, including the rare snowy plover and sandhill crane.  Flocks of waterfowl, gulls and shorebirds were abundant users of the lake during both spring and fall migration.  The abundance of birds was related to abundance of invertebrate food; there were at least three species of fairy shrimp in the lake together with brine flies and other invertebrates.
Probably because of their geographic isolation over thousands of years, the saline and geothermal waters of the Lahontan Region provide habitat for a number of unique species and subspecies of plants and animals, which in some cases are found nowhere else. For example, Roesler et al. (1999) reported the recent discovery of a “novel unicellular phototroph” from Mono Lake which is capable of growing over the salinity range of 0 to 260 parts per thousand and the pH range of 4-12 units.  Other examples of endemic organisms associated with particular water bodies are given below.

Limiting Factors and Adaptations

Organisms of saline and geothermal waters must be adapted to extreme conditions and often to wide, unpredictable temporal variations in those conditions. Adaptations include combinations of life cycle stages resistant to drying, life cycles responsive to key environmental stimuli, high tolerance for changes in osmotic concentrations,  physiological regulation of internal fluids, and ability to “escape” in space and time (Kubly and Cole, 1979; Hammer, 1986).  

Drought.  Organisms of desert waters have two main means of adapting to drying: resistant life cycle stages, and migration. Many invertebrates survive drought as encysted embryos or larvae; some encyst as adults. A study of Rabbit Dry Lake in the Lucerne Valley showed that fairy shrimp Branchinecta mackini could complete a generation within a week (Carpelan, 1995) .Resting stages may be passively dispersed to new habitats by wind, birds, and migratory insects (Kubly and Cole, 1979). Microbial crusts, often less than a quarter of an inch thick and including fungi, algae, lichens, and or mosses, cover soils in many parts of the California desert, often including dry lake bottoms. The crust absorbs and holds water, and the algae within it may fix nitrogen. Microbial crusts are fragile and may be destroyed by human activities such as offroad vehicle recreation. A damaged lichenous crust may take many years to recover (Stebbins 1995). Kubly and Cole (1979) point out that even the driest appearing playa crusts contain some water.  Crusts from dry type playas with greater than 50% clay-sized particles held up to 5% water, and wet type playa crusts contained as much as 32 percent water. Therefore, the resting stages of aquatic invertebrates and microorganisms may not face total dryness. Carpelan (1995) cites 20-40 fairy shrimp cysts per square inch of playa crust, along with bacteria, algae, spores, etc.  

Kubly and Cole (1979) identified 66 playa lake organisms (mostly aquatic insects) which do not have drought resistant life stages and are able to survive by active migration to more permanent habitats.  They may find refuges in the spring-fed wetlands which surround some moist playa lakes;  the relative predictability of water in these wetlands is indicated by the presence of amphibians in some of the pools (e.g., the black toad and Great Basin spadefoot toad in the Deep Springs Lake wetlands).

Hyporheic zones of desert streams support microorganisms and a distinct invertebrate fauna.  Four different invertebrates communities have been identified in the hyporheic sediments of 

Arizona desert streams (Vallett et al., 1991), including a “dry channel hyporheic” community which appears briefly after surface water disappears.  These invertebrate habitats differ spatially 

and temporally, with corresponding distinctive groups of invertebrates. Habitat boundaries change over the year with upwelling and downwelling. The invertebrates can resist both flooding and drying, and some are able recolonize a given area within two days of rehydration following several months of drying. 

Salinity. Table 1 summarizes information from the literature on salinity tolerance limits of a variety of organisms. Kubly and Cole (1979) concluded that species distribution in playa lakes is controlled mainly by salinity. Ability to tolerate a wide range of TDS concentration is widespread in desert aquatic organisms; only those with short life cycles in relation to the rate of increase in salt concentration can escape the need for tolerance.  Different life cycle stages of a given species may have different abilities to tolerate salinity; for example,  a reduction in salinity due to filling of a dry lake by runoff may trigger hatching of fairy shrimp eggs (Carpelan, 1995).  Salt concentration itself is generally more important than the type of salt ion.  Examples of species able to exist in hypersaline waters of diverse chemical composition in California playa lakes are Artemia salina (a brine shrimp), Ephydra packardi (a brine fly), and Trichocorixa reticulata, a “water boatman” bug (Kubly and Cole, 1979).

Ford (1993) points out that, although salt has long been used as a food preservative, there are a number of microorganisms which grow at high salt concentrations, and some which even require these concentrations for growth.  Some “halobacteria” can grow at near saturated concentrations of salt.  Salt tolerant microorganisms do not adapt to salinity by actively maintaining much lower internal concentrations; they maintain equivalent internal concentrations of chemicals such as glycerol  (used by the green alga Dunaliella ) which allow their cellular processes to function. 

Dunaliella can adapt to a wide range of salt concentrations; one species is able to synthesize high levels of beta carotene which protect it against photoinhibition, and is now being used commercially for the production of beta carotene (Pick et al., undated). 

Blinn (1993) studied diatoms in saline lakes throughout North America, and found that diatom species diversity and number of taxa showed an inverse relationship to specific conductance, and selected diatom taxa were associated  with specific anions as well as ranges of specific conductance. Concentrations of sodium, chloride, sulfate and carbonate showed a significant negative correlation with diatom species diversity.

According to Hammer (1986), saline lakes have some of the highest levels of algal productivity in the world;  most of them tend to be eutrophic or hypereutrophic.  There are relatively few dominant species in anyone lake.  The National Research Council (1987) concluded that the algae (diatoms and green algae) of Mono Lake are fairly resistant to increased salinity, although a ten percent decrease in growth and primary productivity was predicted with each ten percent increase in salinity over the range of about 97-140 g/L TDS.  

Hammer (1986) noted that the benthic green alga Ctenocladus of Mono Lake is able to tolerate salinity up to saturated conditions. Herbst (1998) measured nitrogen fixation by blue-green algae and bacteria in laboratory sediment cultures from Mono Lake, and showed that, while fixation 

could contribute  as much as 76-81 % of the total nitrogen input to the lake, it could be inhibited by increasing salinity.  Nitrogenase activity, an indicator of nitrogen fixation, was reduced by half when TDS increased from 50 to 100 g/L.

Compared to algae, higher plants are relatively intolerant to the salt levels found in hypersaline lakes. Some sedges colonize saline lakes but the macrophyte flora  is relatively sparse (Thorp and Covich, 1991).   The effects of salinity on higher plants have been studied mainly in terms of agriculture. Salt damage may include leaf scorching (sodium or chloride toxicity), prematurely yellow leaves, dropping or withering of leaves, and stunted growth.   Higher plants are stressed

by reduced water availability due to the increased osmotic potential of the soil solution, or by higher concentrations of specific toxic ions.  Also, high sodium concentrations affect plants by changing the physical structure of the soil, making it impermeable and reducing water availability.

.

Plants adapt to high salinity by various means including selective salt uptake, salt exclusion by root membranes, increased succulence (which dilutes the salts), excretion by salt glands, and shedding of leaves which have accumulated salt (Hammer, 1986).  Some of the plants of the alkaline wetlands of the Lahontan Region avoid accumulating high levels of salt by the same kinds of physiological adaptations found in drought tolerant desert plants, even though their roots may be constantly in water.  Salt grass (Distichlis spicata) is adapted to a combination of high water tables, high alkalinity, and high drought tolerance (Curry, 1993). 

Scientific data on the salt tolerance of native plants are limited, but many riparian species of the southwestern United States are known to be relatively intolerant, and dependent on flood flushing to remove salts.  A riparian revegetation project, using cottonwood and willow poles, in New Mexico was unsuccessful because groundwater soil TDS levels were over 6000 ppm (Briggs, 1996).

Curry (1993) pointed out that many playa lakes

 “meet the strict definitions of wetlands. They are subject to seasonal or periodic flooding, have primarily reducing soil conditions and seasonally high soil water and water tables, and may have dominant wetland plant cover. However, that plant cover is often so sparse that it challenges ecologic classification. Some playa lakes may show less than 0.0001 percent plant cover of any type throughout some years.  However, after a wet period or inundation a dormant seed bank may germinate and reveal a reasonable 10-20 percent alkali- tolerant plant cover.  The more persistent plants tend to be wetland indicator species, but these may not always be dominant.” 

Lichvar et al. (1998) studied Deadman Playa near Twentynine Palms, California, where they found six winter annual species growing on the playa.  They concluded that the plants were

taking advantage of non saline areas within the larger saline site, which had higher water availability than areas toward the edge of the playa. They noted that halophytic shrubs, which create soil mounds, have been observed on mounds near the edges of dry claypan playas. Plants 

have also established on dust dunes on the Owens Lake playa, which provide soils with decreased salinity and an increased rooting zone. 

The animals of saline lakes are either osmotic “conformers” or “regulators” (Hammer, 1986).  Conformers’ body fluids increase in salinity with that of the medium but they can tolerate the salinity. Regulators maintain lower salinity in their body fluids. Aquatic organisms of saline lakes need free water for their cellular activities. If salinity is too high, thermodynamic forces will cause loss of free water and inhibition of metabolic processes. At very high salinities, organisms may be unable to reproduce because the amount of energy required to maintain the circulatory system is so great that there is little additional energy available for reproduction and development (National Research Council, 1987; Jones and Stokes, 1993).

Although fish may enter saline lakes from tributaries during high runoff conditions, they cannot persist in ephemeral waters, and fish adapted to less extreme conditions may be killed by high salt concentrations or temperature extremes before the lakes completely dry.  Hammer (1986) notes that  sodium chloride waters are less stressful to fish than sulfate waters, and that alkaline waters are the most stressful.  However, fish adapted to desert conditions may be able to persist under combinations of stressful circumstances.  The U.S. Fish and Wildlife Service (1984) states that, in studies at Soda Spring in 1981, Mohave tui chubs (Gila bicolor mohavensis) survived in habitats with dissolved oxygen less than 1 mg/L, water temperature approaching 34 degrees C at the  surface, salinity at 11.55 ppt (11,550 mg/L), specific conductivity at 18,000 umho/cm, and pH between 9 and 10.  As shown in Tables 1 and 2, desert pupfish can survive even higher combinations of salinity and temperature.

In some saline lakes such as Mono Lake, where harsh conditions prevent the survival of many aquatic predators, including fish, populations of some aquatic invertebrates can reach very high densities, allowing nonaquatic predators such as birds to exploit abundant food supplies (National Research Council, 1987).  These predators must deal with the problem of ingesting saline water along with their prey.  Some birds, such as Canada geese, have salt glands which enlarge and enable them to excrete salt after ingesting hypersaline waters. California Gulls at Mono Lake visit fresh water springs and creeks several times each day to drink and bathe, and thus maintain adequate fresh water intake in spite of the alkaline waters. Eared grebes at Mono Lake do not visit fresh water sources and have never been observed drinking. Mahoney and Jehl  (1984) studied captive eared grebes.  The study showed that the grebes  dislike the taste of Mono Lake water (which has a pH of about 10). However, grebes are able to feed at Mono Lake throughout the year, mainly on brine shrimp.  They minimize their salt intake by minimizing the amount of water that they ingest during feeding. They can do this because of the specialized dimensions of their tongues and oral cavities. Laboratory studies of water with salinity at levels found in inland California saline lakes have shown adverse effects of salinity on body weight, plasma protein and serum osmolality levels, and the size of several glands in mallard ducklings. (Apparently the salt water was the only drinking water source for the test birds.) There was 60 percent mortality at a salinity of 20,000 umho/cm, and 100 percent mortality at 67,000 umho/cm (Mitcham and Wobeser, 1988).

Jones and Stokes (1993)  note that changes in the salinity of saline lakes can lead to “restructuring of an entire ecosystem”.  The salinity of the south arm of Great Salt Lake dropped from 250 to 50 g/L between 1963 and 1987, as the lake’s level rose due to increasing freshwater inflow. There
were many changes in the lake’s flora and fauna; the numbers of algal species increased 20 fold and macrozooplankton  species increased from one (the brine shrimp Artemia) to one rotifer, two predatory copepods, and a predatory corixid beetle. 

Temperature.  Both saline and geothermal ecosystems can involve extremely high water temperatures; however, temperatures in saline lakes and streams show much greater annual, seasonal and diurnal variation.  Most invertebrates of California playa lakes are able to tolerate 
wide ranges of temperature (Kubly and Cole, 1979).  Kubly and Cole concluded that “seasonal differences in species assemblages within playa lakes are largely attributable to the varying responses of drought resistant stages to different thermal regimes and to temporal variations in the movements of migratory insects”, and that reproductive activity in most aquatic insects seems restricted to spring and summer temperatures.   Starkweather (1999) states that “ephemeral ponds and playa lakes in warm deserts must be considered to be among the most extreme environments on earth” and cites resting stage embryos of several kinds of crustacean in the central Mojave Desert  persist in dried sediments which frequently exceed 65 degree surface temperatures in summer and undergo weeks of daily freeze-thaw cycles in winter.

Table 1. Salinity Tolerance Levels for Organisms of  Inland Saline Waters. (Some literature values have been converted to mg/L from other units.)
	Organism or Biological Community
	Salinity (mg/L TDS) or  Specific Conductance (umho/cm)
	Reference

	Algae
	
	

	Mono Lake algae
	102,000 mg/L
	National Research Council, 1987

	Diatoms, lower Panamint Lake
	130,000 mg/L
	Hammer 1986

	Diatoms, Great Salt Lake
	115,000-155,000 mg/L
	Hammer, 1986

	Diatoms
	>400,000 mg/L
	Blinn (1993)

	Dunaliella
	200,000 mg/L
	National Research Council, 

1987

	Higher Plants
	
	

	Salt grass and mixed dry meadow (near Mono Lake)
	10,300-18,000 umho/cm
	Jones & Stokes, 1993

	Marsh species (near Mono Lake)
	1200-3300 umho/cm
	Jones & Stokes, 1993

	Mesquite
	18,000 mg/L
	Briggs, 1996

	Pickleweed
	36,000 mg/L
	Briggs, 1996

	Saltcedar
	36,000 mg/L
	Briggs, 1996

	Ditch grass (Ruppia)
	160,000 mg/L
	Hammer, 1986

	Invertebrates
	
	

	 Brine shrimp Artemia salina (in laboratory)
	300,000 mg/L
	Kubly and Cole, 1979

	North American ostracodes
	74, 800 mg/L
	Thorp and Covich, 1991

	Rotifers
	100,000 mg/L
	Hammer, 1986

	Fairy shrimp (Branchinectidae)
	40,000 mg/L
	Hammer, 1986

	Cladoceran Moina hutchinsoni
	50,000 mg/L
	Hammer, 1986

	Insect Trichocorixa
	Over 80,000 mg/L
	Hammer, 1986

	Other insects
	107,000 mg/L
	Hammer, 1996

	Mono Lake brine shrimp, brine flies
	121,000 mg/L
	National Research Council, 1987

	Fish
	
	

	Walker lake tui chub
	12,500 
	Hammer, 1986

	Mohave tui chub (Soda Springs)
	11,000 mg/L; 18,000 umho/cm
	USFWS 1984

	Cichlid Sarotherodon
	50,000 mg/L
	Black, 1983

	Juvenile desert pupfish
	90,000 mg/L
	Black, 1983

	Desert pupfish eggs
	70,000 mg/L
	Black, 1983

	Texas coastal pupfish
	142,000 mg/L
	Hammer, 1986


While geothermal spring sources have fairly constant temperatures, there are biologically important temperature gradients in the outflow streams. Table 2 summarizes the upper temperature limits cited in the literature for a variety of organisms.  

Temperature limits for microbes cited by Ford (1993) are for growth, not survival, and bacterial spores may be even more resistant to high temperatures.  Ford points out that natural habitats with sustained temperatures above 55-60 degrees C (the “thermophile” boundary) are largely limited to geothermal environments  Extreme thermophiles (all microorganisms) have optima at or above 80 degrees C.

Although the outflow streams of hot springs in the Lahontan Region (Hot Creek and Little Hot Creek in the Mammoth area) are being used for maintenance of fish, there has apparently been little study of the biology of Lahontan Region springs per se.  The most intensive research on hot spring biology has been done at Yellowstone National Park (Brock 1994, Ford, 1993).Such study has been possible because the Yellowstone springs, unlike those in many parts of the world, have not been developed for geothermal energy or as spas. 

Most enzymes are destroyed by high temperatures.  Thermophilic microorganisms have evolved enzymes which are stable at high temperatures and in some cases function best at those temperatures.   There are “dozens” of kinds of thermobacteria in the Yellowstone springs; the most  significant studied to date is Thermus aquaticus, which is found in thermal habitats throughout the world.  It has a temperature range between 50-80 degrees C (122-176 degrees F) with an optimum around 70 degrees C or 158 degrees F.  It produces a temperature tolerant enzyme, taq polymerase, which is used in biotechnology to copy DNA; this process is used in medical diagnosis (e.g., for AIDS), and in DNA fingerprinting, and has led to a $300 million dollar industry.  Brock (1994) concluded that “Yellowstone may have a billion dollar potential for the biotechnology industry”.

The Yellowstone studies also showed biological communities adapted to temperature gradients in the outflows from geothermal springs, with the positions of different kinds of microorganisms depending on the temperature of the cooling spring water (Ford, 1993). Specialized animals, including brine flies, live on the microbial mats in the runoff channels. Brine flies at Yellowstone 

live on the warm mats during winter and congregate there at night and during cool weather at 

other times of the year. Their eggs are laid and their larvae develop on the microbial mat.  The adults can survive temperatures of 43 degrees C (109 degrees F) and can feed in hotter waters 

with surrounding air bubbles to provide insulation.  The brine flies are prey for other animals, including a spider which can tolerate heat by moving rapidly over the microbial mat. In the Firehole River at Yellowstone, algae, bacteria and invertebrates grow faster than in non-geothermal waters.  The Yellowstone spring channels have “virtually a tropical climate”, allowing riparian wildflowers to survive and bloom when adjacent areas are still snow- covered (Brock, 1994).  Larger wildlife species also use geothermal waters in winter, and winter wildlife watching has become a popular tourist activity at Yellowstone.

Dissolved oxygen.  As noted above, saline lakes tend to have low dissolved oxygen concentrations at saturation compared to fresh waters. Some aquatic invertebrates have adapted to these conditions either physiologically (some, like the brine shrimp Artemia, have hemoglobin) or behaviorally (e.g., by staying near the surface). The fairy shrimp Branchinecta mackini  tolerates oxygen down to about 1-2 cubic cm /liter, or roughly 10-20 percent saturation at 21 degrees C (Thorp and Covich, 1991).  For comparison, the Lahontan Basin Plan’s regionwide narrative water quality  objective for dissolved oxygen in surface waters states that the minimum dissolved oxygen concentration shall not be less than 80 percent of saturation.

 Hyporheic zones  in desert streams are largely aerobic (Vallett et al., 1991), reflecting dissolved oxygen replenishment through exchange with surface waters. Local anaerobic zones can occur 

Table 2. Temperature Tolerance Levels for Organisms of Inland Saline and Geothermal Waters. (Upper limits unless a range is cited.)
	Organism


	Temperature (degrees C )
	Reference

	Microorganisms
	
	

	   Photosynthetic bacteria
	73
	Ford, 1993

	   Other eubacteria
	85-90
	Ford, 1993

	    Archaebacteria
	110
	Ford, 1993

	   Protozoa
	56
	Ford, 1993

	   Algae
	55-60
	Ford, 1993

	Mosses
	50
	Ford, 1993

	Vascular plants
	45
	Ford, 1993

	Invertebrates
	
	

	    Fairy shrimp (of desert waters)
	0- 40
	Thorp and Covich, 1991

	    Ostracode
	54
	Thorp and Covich, 1991

	    Brine flies 
	43
	Brock, 1994

	    Insects
	45-50
	Ford, 1993

	Fish
	38
	Ford, 1993

	   Mohave tui chub
	30
	USFWS, 1984

	   Pupfish- Death Valley
	45
	Pister, 1995


because of spatial variation in organic matter, oxygen consumption rates, and hydrologic 

exchange. Reducing conditions may occur following long dry periods as a result of lack of exchange with oxygen rich surface water, affecting nitrogen cycling. Primary production in many

southwest desert streams is believed to be nitrogen limited, but the hyporheic zone is often

nutrient rich compared to surface water.  Under upwelling conditions there is nutrient input to surface waters from the hyporheic zone, with elevated concentrations of nitrate nitrogen and a higher standing crop of algae (Vallett et al, 1991.)

Turbidity.   In very saline lakes, turbidity is reduced due to chemical and physical processes. This results in increased light penetration and high algal productivity.  Other saline lakes may be highly turbid due to wind-induced currents which suspend silt, clay, bacteria and organic matter. These lakes may have virtually no phytoplankton, and detritus serves as the main source of energy for primary consumers (Kubly and Cole, 1979).

pH. The organisms in Mono Lake, and other saline lakes in the Lahontan Region, are doubly stressed by both high salinity and high alkalinity  The combination of  high alkalinity and salinity appears to be very difficult to adapt to. Alkaline saline lakes with salinities greater than 150 g/l support macroinvertebrate populations(National Research Council, 1987).. Some bacteria and fungi can tolerate pH up to 13, and there are bacteria which have pH optima of 9-10.   Most “alkalophile” microorganisms need sodium ions for growth. They may possess unusual surface proteins (“exoenyzmes”) which are potentially commercially important for wastewater, energy production, and detergent additives (Ford, 1993).

Toxics.  Some of the organisms native to inland saline waters are also capable of tolerating relatively high concentrations of toxic substances. Some bacteria are able to resist concentrations of metals toxic to most other organisms by  a variety of physiological mechanisms including means to prevent the entry of metal ions into the cell, facilitate their exit from the cell, or convert metals to a less toxic form. Fungi and some algae are also tolerant to high levels of metals (Ford, 1993). In addition hypersaline lakes, the green alga Dunaliella is commonly found in industrial wastes, including petroleum refinery effluent.. Laboratory culture experiments indicated that ambient concentrations of heavy metals in the Dead Sea (500 ug/L zinc, 300-500 ug/l copper, 120 ug/l lead) were “not seriously limiting to life”. Oren (1983) concluded that dense communities of halobacteria may survive in a state of low activity due to lack of organic nutrients, lack of phosphate, supraoptimal salinities and/or suboptimal temperatures, until an influx of fresh water triggers an algae bloom. Rowe and Hoffman (1985) documented large scale fish and bird kills at the Carson Sink playa lake in Nevada during the winter of 1986/87.  At the time of the  kill, the water in the Carson Sink had the following concentrations of chemicals: TDS, 20,100 mg/L, arsenic 800 ug/L, boron 40,000 ug/L, and copper 80 ug/L. Based on USEPA (1986) criteria these  levels “were high enough to be potentially stressful to aquatic organisms”.   However, toxics could not be conclusively implicated and the kills were linked with other factors such as temperature and avian cholera.  High levels of arsenic and fluoride were believed to contribute to the reductions in growth of Mono Lake microorganisms observed with increased salinity during salinity tolerance experiments (National Research Council, 1987.

WATER QUALITY STANDARDS AND CRITERIA

Current standards for waters of the Lahontan Region are contained in Chapters 2 and 3 of the 1995 Water Quality Control Plan for the Lahontan Region (Basin Plan) as amended in 1995, and the U.S. Environmental Protection Agency’s National Toxics Rule (40 CFR 131.26).  The USEPA is expected to promulgate new or revised criteria for certain toxic substances in the surface waters of California in the forthcoming “California Toxics Rule”.  State standards for surface and ground waters of the Lahontan Region include California Department of Health Services drinking water standards for all waters which are designated for the Municipal and Domestic Supply (MUN) beneficial use.
Designated beneficial uses are a part of California’s water quality standards, together with narrative and numerical water quality objectives.  Objectives, which are analogous to federal “water quality criteria” may be set at natural background water quality levels, or at levels which scientific evidence indicates are necessary for protection of beneficial uses. Beneficial uses may be “existing” uses known to occur within a particular water body, or  “potential” uses which could occur in the future. The federal water quality standards regulation (40 CFR 131.10) defines “existing uses” as those which have occurred at any time since the November 1975 effective date of the regulation. The term “beneficial use” includes natural ecosystem functions and uses of water by plants and animals, as well as human uses of water. The water quality standards regulations direct that “In no case shall a State adopt waste transport or waste assimilation as a designated use for any waters of the United States.”

Some saline and geothermal water bodies of the Lahontan Region have site-specific beneficial uses designated, but beneficial uses for most of these waters fall under group designations such as “Minor Surface Waters  [of the ...... HU]”.   Table 2-1 of the Basin Plan includes separate beneficial use designations for “minor wetlands” and other types of “minor surface waters” for most HUs, but in most cases the Saline Habitat (SAL) use is not designated for these categories. All of the nine water bodies under consideration for removal of the MUN use are designated for a variety of human, aquatic life, and wildlife beneficial uses.
Table 2-1 of the Basin Plan includes both existing and potential beneficial uses.  Chapter 2  of the Basin Plan discusses the rationale for designation of specific uses. Reasons for designating potential uses include (1) existing plans to put the water to these uses; (2) conditions such as location or demand which make such future use likely; (3) identification of the water body as a potential source of drinking water under SWRCB policy; and (4) the potential for remedial measures to ensure attainment of these uses for water bodies which do not now attain them. The Basin Plan (pages 2-3 to 2-4) recognizes that some beneficial uses of surface waters may occur only temporarily. The presence or absence of a beneficial use designation does not necessarily prevent the water from being put to the associated use. For example, geothermal energy development has occurred in several parts of the Lahontan Region using waters which are not specifically designated for the Industrial Service Supply (IND) use. 

Site specific numerical water quality objectives have not been designated for the saline/geothermal waters of the Lahontan Region, with the exception of Mono Lake.  In particular, site specific objectives have not been developed for these waters for naturally occurring toxic substances such as arsenic.  Under the “tributary rule”, site-specific water quality objectives for downstream waters apply to upstream waters which do not have site specific objectives.  A number of “fresh” surface water bodies in the Lahontan Region which have geothermal waters tributary to them  have site specific objectives for total dissolved solids, chloride, sulfate, and boron (for example, the Owens River, and Crowley Lake).  Objectives for “Adjusted Sodium Adsorption Ratio”  and “Percent Sodium”, both of which are calculated from the concentration of sodium in relation to concentrations of calcium, potassium and magnesium, apply to surface waters of some watersheds. These sodium objectives relate primarily to water use for irrigation.

For waters designated MUN, the applicable standards for naturally occurring toxic substances are the Department of Health Services’ drinking water Maximum Contaminant Levels (MCLs), which are referenced in the regionwide “Chemical Constituents” objectives for surface and ground waters in Chapter 3 of the Basin Plan.  Applicable standards also include the narrative non-degradation objectives for surface and ground waters, and the narrative toxicity objective for surface waters. Most of the saline/geothermal surface waters of the Lahontan Region are currently designated for the Municipal and Domestic Supply (MUN) use as a result of Regional Board action in 1989 under the State Water Resources Control Board’s “Sources of Drinking Water Policy”.  See the staff report for the proposed Basin Plan amendments (CRWQCB, Lahontan Region, 2000) for an explanation of the background for this designation.

For waters not designated MUN, the Basin Plan’s narrative nondegradation and toxicity objectives still apply. Other regionwide narrative water quality objectives which could be violated under naturally occurring conditions in saline and geothermal waters include those for pH, taste and odor,  and dissolved oxygen. In the case of pH, the Basin Plan specifically recognizes that :

“some waters of the region may have natural pH levels outside of the 6.5 to 8.5 range. Compliance with the pH objective for these waters will be determined on a case-by-case basis” (italics added). 
Table 3 is a summary of selected state and federal water quality criteria for chemical constituents which are common in saline/geothermal waters of the Lahontan Region (Central Valley RWQCB, 1998).  The table includes criteria for drinking water, agricultural, and aquatic life uses. Both freshwater and salt water aquatic life criteria are cited. However it should be noted that the saltwater criteria were developed for marine and estuarine organisms and are not necessarily relevant to the biota of the inland saline waters of the Lahontan Region.  Table 3 includes state 

Maximum Contaminant Levels (MCLs).  MCLs are both drinking water standards enforceable by the California Department of Health Services, and ambient water quality standards for waters 

designated for the MUN use, enforceable by the RWQCB.  Primary MCLs are derived from health based criteria including incremental cancer risk estimates for carcinogens and from 

threshold toxicity levels for noncarcinogens, with consideration of technologic and economic factors.  Secondary MCLS are derived from human welfare considerations such as taste, odor, 

and laundry staining.  Table 3 also cites some state “Public Health Goals in Drinking Water” which are levels at which no adverse effects are expected to occur with lifetime consumption of the water.  
To supplement the numeric criteria in Table 3, the following narrative provides additional information on some chemical constituents which are important in saline/geothermal waters of the Lahontan Region.

Arsenic.  Arsenic is often referred to as a metal, but is chemically classified as a “metalloid”.  It occurs in concentrations of about 5 mg/kg in the earth’s crust (USEPA, 1980). Arsenic is present in volcanic gases and is commonly found in geothermal waters. The arsenic cycle varies depending upon chemical properties and hydrodynamic characteristics of the site-specific aquatic environment. Many of the processes are chemical while others occur through microbial mediation. Aquatic organisms, fish and invertebrates, and plants can concentrate arsenic, especially trimethylarsine.  Adsorption and precipitation are significant factors in the cycling of arsenic in aquatic system (Ruschmeyer and Tchobanoglous, 1989).

Arsenic is used industrially in the manufacturing of glass and other produces, and as a fungicide and wood preservative, and occurs in the emissions from coal-fired power plants (USEPA, 1980). There is little industry or agricultural pesticide use in the Lahontan Region, particularly in the vicinity of the nine water bodies affected by the proposed Basin Plan amendments, and coal-fired power plants are uncommon in California.  Arsenic in the waters of the Lahontan Region is presumed to come from natural volcanic or geothermal sources,  from minerals concentrated in closed drainage basins over geologic time, or from windblown dust transported from desert lake basins (e.g., Owens and Mono Lakes) to other surface waters.  

Arsenic is toxic to humans;  ingestion of as little as 100 mg can result in severe poisoning, and as little as 130 mg has proved fatal.  Chronic lower doses can accumulate in the body, and cause cancer, liver and heart problems (McKee and Wolf, 1963). In addition to cancer, arsenic has been implicated in other adverse health effects including effects on the nervous, circulatory, and gastrointestinal systems, and the liver, hearing impairment, diabetes, and developmental effects (USEPA, 1999). Higher temperatures can increase the toxicity of arsenic, but it is not affected by water hardness (USEPA, 1980). 

The current primary MCL for arsenic in drinking water is 50 ug/L, and was set to protect against ski cancer. Epidemiological studies in 1988 and 1990 on Taiwanese populations exposed to “high” levels of arsenic (300- 800ug/day) had unexpectedly high levels of liver, kidney, lung, a d bladder cancer. The human body can detoxify arsenic (in terms of non-carcinogenic effects) when amounts are below 200-250 ug/day, but this may not necessarily protect against carcinogenic effects (City of Los Angeles Water Services, 1998).  For comparison, representative arsenic concentrations in geothermal or geothermally influenced waters of the Lahontan Region are as follows:  Wendel and Amedee Hot Springs, 180-220 ug/L;  Fales Hot Springs 1100 ug/L; Little Hot Creek, 540-710 ug/L, and Little Alkali Lake 520-680 ug/L. The Amargosa River, which also receives input from mineral springs, has an arsenic concentration of 286 ug/L at Shoshone.

After a literature review including extensive epidemiological evidence from other countries such as the one cited above, the National Research Council recommended that the current standard be made more stringent.  The Safe Drinking Water Act requires the USEPA to revise the existing drinking water standard for arsenic;  a proposed Arsenic Rule is currently scheduled to be released on January 1, 2000, and a final rule on January 1, 2001 (USEPA, 1999).  A more stringent standard may place even more Lahontan waters out of compliance with the standard and necessitate Section 303(d) listing for additional waters which are designated for the MUN use.

Excessive arsenic in irrigation water is harmful to plants through the destruction of chlorophyll and other physiological effects. Sensitivity to arsenic varies among crops. The lethal dose for livestock is about 20 mg /animal pound.  A water quality criterion of 1.0 mg/L was recommended by McKee and Wolf (1963)  for stock and wildlife watering, irrigation, and fish and aquatic life.

Antimony.  Because many of its compounds are insoluble, McKee and Wolf (1963) state that “any dissolved antimony that might be discharged to natural waters would soon precipitate and be removed by sedimentation and /or adsorption”.   Antimony potassium tartrate, or “tartar emetic” has been used since ancient times as an emetic, and more recently as an intravenous treatment for schistosomiasis. The latter use has produced cardiac arrhythmia, skin eruptions, and even pneumonia. Doses of tartar emetic as 100 mg have been reported to be fatal, with symptoms similar to those of arsenic poisoning (McKee and Wolf, 1963). The current California primary MCL for antimony is 6 ug/L;  the USEPA criterion for freshwater aquatic life is 30 ug/L (4 day average) and the salt water aquatic life 4 day average criterion is 35 ug/L.  Of the nine waters covered by the proposed Basin Plan amendments, Little Hot Creek is apparently the only one where antimony has been analyzed.  Antimony values reported from Little Hot Creek are 27-30 ug/L in the creek and 50 ug/L in the headwater hot spring.

Beryllium.   Mckee and Wolf (1963) considered beryllium a relatively rare element which is unlikely to occur in natural waters. However, it has been reported from geothermal waters in the Long Valley Caldera;  a sample from Little Hot Creek had a concentration of 9 ug/L.  Beryllium is  a recognized carcinogen and the California Primary MCL is 4 ug/L.   At acid pH values, beryllium is toxic to plants.  (Some of the reported pH values for the waters in question are slightly acid.) The Agricultural Water Quality Goal is 100 ug/L. 

Boron. Although boron is considered a rare element, geochemical processes have greatly concentrated it in some areas.  Volcanic activity is the source of most boron currently in the natural environment. High concentrations are commonly found in geothermal waters and in closed basins associated with volcanic activity.  Playas and remnant lake beds, commonly found in California, are rich in boron (Ruschmeyer and Tchobanoglous, 1989) and are sometimes mined as commercial sources.  McKee and Wolf (1963) state that boron in drinking water up to 30 mg/L is not harmful, but above this level it may interfere with digestion.  Excessive borate may cause nausea, cramps, convulsions, and coma. Although traces of boron are essential for plant growth, excess amounts can cause leaf burn, premature leaf drop and reduced crop yields. The Agricultural Water Quality Goal is 700-750 ug/L, but McKee and Wolf cite crops which are sensitive to lower levels of boron. 

Chloride.  Chloride in drinking water is of concern primarily because of its impacts on palatability, although it  may be injurious to some people with heart or kidney disease, and may

have laxative effects for people who are used to lower concentrations. It can be tasted at

concentrations as low as 61 mg/L, and imparts a salty taste at a median of 396 mg/L.  “Moderate” concentrations of chloride in crop root zones (700-1500 mg/L) lead to leaf burn and injury.

Chloride may affect industrial uses of water by causing corrosion of metals at 45-50 mg/L or lower.(McKee and Wolf, 1963, USEPA, 1986).  McKee and Wolf state that chloride is harmful to trout at 400 mg/L; their recommended criteria include 50 mg/L for industrial use, 100 mg/L for irrigation, and 1500 mg/L for stock and wildlife watering.

Fluoride.  Fluorides are not considered common constituents of natural surface waters (McKee and Wolf, 1963); however, they are common in thermal waters. Fluoride concentrations  between 0.6 and 1.7 mg/L may have beneficial effects on teeth but concentrations over 4 mg/L may cause mottling and pitting of teeth (USGS, 1989).  Fluoride is toxic to humans at higher concentrations, with severe symptoms at 250-400 mg and 4 g causing death.  McKee and Wolf cite threshold values of about 1 mg/L for food processing, 1.0 mg/L for stock watering, and 10.0 mg/L for irrigation.

pH.  The USEPA freshwater aquatic life criteria include a recommended instantaneous maximum of 6.5 to 9.0 units (Central Valley RWQCB, 1998).  The Lahontan Basin Plan’s regionwide narrative water quality objective is 6.5 to 8.5 units.  McKee and Wolf (1963) cite a reference stating that waters with pH over 9.0 units are “unsuitable for irrigation use”.
Sodium.  Sodium in drinking water may be harmful to people with cardiac, circulatory, or kidney diseases. The USEPA (1986) recommends the following concentrations in drinking water:  for people on low sodium diets, 20 mg/L;  for people on moderately restricted diets, 270 mg/L. The taste threshold for sodium chloride is 135 mg/L and that for sodium carbonate is 34 mg/L.    Sodium in irrigation water modifies soil structure, resulting in poor aeration of soil, low infiltration rates, and decreased moisture availability to plants.  Sodium can also replace calcium ions in root tissues, resulting in calcium deficiency. Sprinkler irrigation with water containing high levels of sodium can cause leaf burn (McKee and Wolf, 1963).  McKee and Wolf cite a recommended 2000 mg/L sodium threshold for livestock watering.
Sulfate. Sulfate causes a bitter taste in drinking water when combined in high concentrations with other ions, and may have laxative effects for people unaccustomed to higher concentrations (USGS, 1989).  The secondary MCL drinking water standard of 500 mg/L sulfate was set to prevent laxative effects (USEPA, 1986). In high concentrations in irrigation water, sulfate may cause precipitation of calcium and be toxic to plants; concentrations over 500 mg/L are generally considered hazardous to crops (McKee and Wolf, 1963).  In industrial water supplies, sulfate can cause problems by forming boiler scale in combination with calcium, and it increases the corrosiveness of water toward concrete (USGS, 1989; McKee and Wolf, 1963). McKee and Wolf 
recommended  maximum sulfate concentrations of  500 mg/L for stock watering, and 200 mg/L for irrigation.
Temperature.   The Basin Plan’s narrative temperature objectives for surface waters, and the statewide “Thermal Plan”, are concerned primarily with preventing alterations of natural

temperatures as a result of human activities which lead to thermal discharges.  The temperatures of geothermal springs and their outflow waters are the primary factor in their importance for 

recreational use, but human and livestock deaths have occurred in boiling springs. McKee and Wolf (1953) reported that temperatures of 10 degrees C are considered satisfactory for drinking 

water, but temperatures of 15 degrees C or higher are usually objectionable. High temperatures also affect drinking water supplies by stimulating the growth of taste and odor producing algae
and altering the effectiveness of water purification processes.  For aquatic life, higher temperatures decrease oxygen solubility, increase oxygen demand, and may intensify the toxicity of some chemicals.
Total Dissolved Solids, and the related parameter specific conductance, are discussed above in connection with the physical and biological characteristics of inland saline waters.  TDS affects the taste of drinking water and has other effects depending on the concentrations of individual constituents. Studies have indicated that chickens, swine, cattle and sheep can survive drinking saline waters with up to 15,000 mg/l of salts of sodium and calcium combined with bicarbonates, chlorides, and sulfate, but only 10,000 mg/L of corresponding salts of potassium and magnesium.  The approximate limit for highly alkaline waters containing sodium and calcium carbonates in 5,000 mg/L (USEPA, 1986).

The secondary MCL drinking water standard of 500 mg/L TDS is based primarily on palatability (USEPA, 1986). The USEPA cites a survey of 29 CA water systems for taste thresholds for TDS: levels of 1, 283-1,333 mg/L were rated “unacceptable”;  water with 658-755 mg/L TDS was “good”, and water with 319-397 mg/L “excellent”.  Very salty waters are not palatable, do not quench thirst, and may have laxative effects on new users.  People have used waters supplies with 2000-4000 mg/L TDS when no better supply is available, but waters above 4000 mg/L are generally considered unfit for human use.  TDS above 5000 mg/L causes bladder and intestinal irritation (McKee and Wolf, 1963).  The threshold TDS level in the SWRCB’s “Sources of Drinking Water Policy (3000 mg/L) is higher than the state secondary MCL for TDS (500 mg/L).  

The effects of salinity on aquatic life and higher plants are discussed above in connection with the biota of inland saline waters. The “water quality goals” for agriculture in Table 3 are from a United Nations Food and Agriculture Organization publication referenced in Central Valley RWQCB, 1998.  The USEPA (1986) cites 500 mg/L TDS as a level which should have no detrimental effects on crops in general, while tolerant plants on permeable soils with careful management practices may tolerate 2000- 5000 mg/L TDS.

High concentrations of dissolved solids in industrial waters can cause foaming in boilers and interfere with the clearness, color or taste of industrial products.  High levels of TDS may also 

accelerate corrosion (McKee and Wolf, 1963).  The USEPA (1986) cites a study in which 1750 mg/L TDS reduced the service life of toilet flushing mechanisms by 70 percent and that of 

washing equipment by 30 percent. The 1968 cost was an additional 50 cents per 1000 gallons of water used.
BENEFICIAL USE ANALYSIS

Although the proposed Basin Plan amendments are concerned only with the Municipal and Domestic Supply beneficial use, USEPA staff have requested that this Use Attainability Analysis
address all beneficial uses of the affected waters.  The following discussion groups similar uses together.
Municipal and Domestic Supply (MUN)

The MUN use is defined in Chapter 2 of the Basin Plan as :

“Beneficial uses of waters used for community, military, or individual water supply systems including, but not limited to, drinking water supply”.  

The available data show that all nine of the water bodies currently under consideration for removal of the potential MUN use designation exceed one or more of the applicable state and federal drinking water standards or criteria. Table 4 below summarizes the chemical parameters for which standards or criteria are exceeded for each water body.  More detailed water quality information for each water body is presented later in this report.  (It should be noted that none of these water bodies is routinely monitored for water quality, and that different parameters have been monitored in the past for different water bodies.  There may be other naturally occurring trace elements which exceed standards, but which have not been monitored.)  In all cases, the exceedance of drinking water standards is due to natural sources, either volcanic/geothermal sources, or concentration of evaporite chemicals in closed basins over geologic time.

The waters of geothermal springs and saline lakes have been, and still are used for drinking in other parts of the world, for therapeutic purposes, although probably not for the lifetime duration used in the formulation of drinking water criteria. Sulfurous waters from the hypolimnion of Soap Lake, Washington, were bottled and sold as a tonic (Edmondson, 1991).  “Taking the waters” for health purposes at a spa should probably be considered a water contact recreational use rather than a municipal use.

RWQCB staff are unaware of any direct municipal and domestic supply use of the nine waters in question since 1975. As noted below under the discussion of Wendel and Amedee Hot Springs, the waters of Wendel Hot Springs were used for dishwashing in a hotel kitchen during the 19th Century.  Little Hot Creek and Little Alkali Lake are tributary waters which in turn are tributary  to Crowley Lake, which is part of the Los Angeles Department of Water and Power’s municipal supply system.  However, Little Hot Creek has been estimated to provide less than one percent of the net outflow of Crowley Lake, and the flow from Little Alkali Lake to Crowley Lake is described as “runoff” and is apparently ephemeral (California DWR, 1967; USGS, 1976).
In 1997, the Lahontan RWQCB approved an NPDES permit for a reverse osmosis treatment facility to remove arsenic from a spring which provides drinking water to the community of Shoshone (which has approximately 150 people) near the Amargosa River. The waste brine from the treatment plant is discharged to a ditch tributary to the Amargosa River, but does not increase the overall natural arsenic load to the river.

The USEPA (1997) has reviewed the feasibility of 11 different technologies for removal or arsenic from drinking water; removal efficiency depends on pH and the valence state of arsenic (AsIII vs. AsV). The study cited addresses “low level” arsenic removal, from 50 ug/L down to 1 ppb or less; arsenic concentrations in saline/geothermal waters of the Lahontan Region can be much higher.   As indicated by the Shoshone example, it may be technologically feasible to treat the nine water bodies affected by the proposed Basin Plan amendments for municipal use, but it would be expensive, at least with current technology.  The California Department of Water Resources (1997 and 1998) cites seawater desalination costs of $1,200-$2,200 per acre-foot, with additional costs for conveying the water to its place of use. Deutsch (1999) states that even at the most efficient plants, a thousand gallons of desalted water costs about $2 to produce, twice the typical cost of freshwater sources. DWR (1998) cites a nationwide study in 1994 which showed that the average urban water supply cost was “almost $600 per acre-foot”. According to the Water Engineering Website (1997) the energy cost for desalination by reverse osmosis has been a major reason for the high cost:  a new “carbon aerogel” method developed by Lawrence Livermore Laboratory has been promoted as able to reduce energy costs by “orders of magnitude” and allowing laboratory salt concentrations of 1000 ppm to be reduced to 1 or 2 ppm. Hammer (1986) mentions one case in Saskatchewan where saline lake water is desalinated by freezing the water, pumping out the saline water, and using the ice as a domestic supply.

Even if treatment should prove feasible, the waters currently proposed for removal of the MUN use are in relatively remote areas with small populations.  Some in are in protected areas (e.g., Death Valley National Park) or on public lands which are unlikely to be proposed for residential or commercial development. Conflicting beneficial uses such as hot springs use for recreation, and the need to protect wetlands and rare and endangered species habitat,  would probably also reduce any demands on these waters.  The  intermittent nature of the Amargosa River, and the ephemeral nature of Little Alkali and Deep Springs Lakes also reduce their potential for development as water supplies, even if treatment should be feasible.

In conclusion, the nine “naturally impaired” waters in Table 4 are all in violation of one or more drinking water standards or criteria, have not supported municipal uses during the period since 1975,  and are unlikely to support a MUN use in the future. Removal of the potential MUN use from these waters is scientifically justified.   Better quality waters  (such as wetlands and neighboring groundwater aquifers) adjacent to these nine surface waters will continue to be designated for the MUN use.  

Table 4. Summary of Compliance With Drinking Water Criteria for Nine “Naturally Impaired” Waters. 

	Water Body Name
	Sources of Drinking Water Policy TDS Threshold 

Exceeded?
	Parameters for which Other Standards or Criteria are Exceeded
	Water Quantity Considerations

	Wendel Hot Springs
	No
	TDS, specific conductance, arsenic, sulfate, fluoride, sodium
	Flow in natural springs reduced due to nearby geothermal development.

	Amedee Hot Springs
	No
	TDS, sulfate, fluoride, boron, sodium
	Flow in natural springs reduced due to nearby geothermal development.

	Fales Hot Springs
	No
	TDS, specific conductance, sulfate, fluoride, arsenic, copper, molybdenum, lead aluminum
	

	Hot Creek
	No
	Specific conductance, fluoride, boron
	

	Little Hot Creek
	No
	Arsenic, beryllium, specific conductance, boron, lead, fluoride, antimony.
	Annual flow ca. 1000 afa; evaporation increases salinity

	Little Alkali Lake
	Yes
	TDS, Arsenic
	Ephemeral

	Keough Hot Springs
	No
	TDS
	Flow 600 gallons per minute

	Deep Springs Lake
	Yes
	TDS, specific conductance,  pH
	Ephemeral

	Amargosa River
	Yes (in Death Valley)
	TDS,  specific conductance, arsenic,  sulfate, sodium, chloride, fluoride, boron.
	Intermittent, variable annual flows


Aquatic Life Uses (WARM, COLD, SAL, RARE, BIOL, SPWN, MIGR)
The Lahontan Basin Plan defines several aquatic habitat uses.  Definitions of the Cold Freshwater habitat (COLD), Warm Freshwater Habitat (WARM) and Inland Saline Water Habitat (SAL) uses are very similar:

“Beneficial uses of waters that support cold [or “warm” or “inland saline”] water ecosystems, including, but not limited to, preservation and enhancement of aquatic habitats, vegetation, fish, and wildlife, including invertebrates.”

In some cases waters are designated for more than one aquatic life use.  The waters may vary spatially in temperature and salinity (for example, the Amargosa River is designated for both the

WARM and SAL uses.

The USEPA aquatic life criteria for trace metals are expressed as one hour or four day averages, and compliance with these criteria is generally measured through bioassays with standard test organisms.  To RWQCB staff’s knowledge, no bioassay data are available for any of the nine 

water bodies. GeoProducts Corporation and Zurn/NEPCO (1987) reported that bioassays of geothermal well effluent from the aquifer that feeds Wendel and Amedee Hot Springs showed no significant differences between test and control organisms (fathead minnow, Ceriodaphnia, and Selenastrum).  (In addition to geothermal effluent, the test effluent included 25 percent effluent from a wood burning power plant.)  However, the limited ambient water quality data available for a number of toxic trace elements in the nine waters include some single sample values which greatly exceed aquatic life criteria values (Table 3). There are no continuous sets of chemical data, or bioassay data, available to assess compliance with one-hour or four day average criteria.  At least for the geothermal springs, whose quality is not affected by variations in precipitation and runoff, it is likely that the exceedances of criteria are long term and continuous.  

The relevance of the USEPA freshwater and saltwater aquatic life criteria to the native organisms and the biological integrity of California’s inland saline, geothermal, and geothermally influenced waters is somewhat questionable.  The saltwater life criteria are based on studies of marine and estuarine organisms and may not adequately reflect the tolerance limits of organisms native to inland saline and geothermal waters. The literature review above shows that the plants, animals, and microorganisms native to the saline and geothermal waters of the western United States are well adapted to their unique ecological conditions, including extremes of salinity and temperature. Although site specific biological data are available for only a few waters, all of the “naturally impaired” water bodies of the Lahontan Region should be considered to support at least one type of “existing” aquatic habitat use.  (There are no biological data available on the geothermal springs which have been developed for energy or recreation, but this development may have affected the degree of use support.)

The 1995 Basin Plan also includes separate “Spawning, Reproduction and Development”(SPWN) and “Migration of Aquatic Organisms” (MIGR) uses.  Because of the lack of biological data for 

most waters of the Lahontan Region, probably many more waters support these uses than are currently designated for them.  The SPWN use is not restricted to fish, but applies to all aquatic organisms.  To the extent that saline and geothermal waters support resident aquatic life, they may be presumed to support the SPWN use.

The Basin Plan includes two use designations which protect habitat for “Rare, Threatened, or Endangered Species (RARE) or “Biological Habitats of Special Significance (BIOL).

The RARE use is defined as:


“Beneficial uses of waters that support habitat necessary for the survival and successful maintenance of plant and animal species established under state and/or federal law as rare, threatened or endangered."

The BIOL use is defined as: 

“Beneficial uses of waters that support designated areas or habitats, such as established refuges, parks, sanctuaries, ecological reserves, and areas of Special Biological Significance (ASBS) where the preservation and enhancement of natural resource requires special protection.”

Deep Springs Lake and the Amargosa River are designated for these uses.  The Amargosa River, Deep Springs Lake, and Amedee and Wendel Hot Springs have also been identified by the 

Department of Fish and Game as “Significant Natural Areas” (California DFG, 1992).   As noted below, pools created from Little Hot Creek are now being used to provide habitat for the Owens tui chub, and a conservation area has been proposed in the vicinity of the Alkali Lakes for the Long Valley speckled dace.  

The RARE and BIOL uses of Deep Springs Lake appear to be adequately protected by its remote location and the commitment of Deep Springs College to protection and restoration of black toad habitat.  Much of the Amargosa River is protected within Death Valley National Park or in two U.S. Bureau of Land Management “Areas of Critical Environmental Concern”.  However, there is concern that groundwater withdrawals in Nevada may adversely affect springs, wetlands, and surface river flows which provide habitat for sensitive species.

Protection of aquatic habitat uses essentially requires maintenance of natural water quality conditions.  The Basin Plan includes water quality objectives (e.g., those for dissolved oxygen and temperature) related to particular types of habitat.  Findings under the nondegradation objective would be required to permit a discharge which would increase natural temperatures or increase the natural salinity of aquatic habitat

No changes in aquatic life use designations are being proposed at this time for the nine “naturally impaired” surface waters, although changes may be appropriate in the future. (For example, Little

Alkali Lake is now, as a minor surface water of the Long Hydrologic Area, designated for the cold freshwater habitat use, and will continue to be so designated when a specific row is created for the lake in Table 2-1 of the Basin Plan).  However, a saline habitat use would be more appropriate.  Because of the high degree of biological endemism in the Lahontan Region, it is 

likely that further biological studies will identify additional waters which should receive the RARE and/or BIOL use designations.

Wildlife Habitat (WILD) Use
This use is defined as “

“Beneficial uses of waters that support wildlife habitats, including, but not limited to, the preservation and enhancement of vegetation and prey species used by wildlife, such as waterfowl.”

All surface waters of the Lahontan Region are designated for the wildlife habitat use, although there is generally little site specific information on wildlife species and type and intensity of use. As noted in the discussion of the biology of saline and geothermal waters above, saline lakes can be very important as feeding and resting sites for migratory birds, and these birds can be important 

dispersal agents for the biota of the lakes. Hot springs provide important winter habitat in Yellowstone National Park; similar uses may occur in the colder parts of the Lahontan Region.  The wetlands associated with saline and geothermal waters also provide habitat for wildlife adapted to local conditions. All nine “naturally impaired” waters are assumed to support existing wildlife habitat uses, and no changes in use designations are proposed at this time.

Water Quality Enhancement (WQE) Use

This use is defined as:

“Beneficial uses of waters that support natural enhancement or improvement of water quality in or downstream of a water body including, but not limited to, erosion control, filtration and purification of naturally occurring water pollutants, streambank stabilization, maintenance of channel integrity, and siltation control. “

This use generally applies to wetlands.  It is not a designated use of any of the nine waters currently proposed for removal of the MUN use, although it does apply to the wetlands associated with them.  Curry (1993) has pointed out that playa lakes have many of the characteristics of wetlands, and that, in the Lahontan Region:

“...the playa lakes and shoreline areas of residual water bodies, as well as the great alkali flats and lowland wetland areas all provide a vital water quality function through evaporative surface concentration of salts.  Despite valid public health concerns, alkaline wetland sites are the primary points of entrainment of salts into the atmosphere.
These wetlands are the “conveyor belts” that permit California to export its soluble salt and maintain large reservoirs of fresh water under arid land sites... . Only in areas with 

long geologic concentration of salts and little outflow such as Searles, Saline Valley and Death Valley do we find insufficient wind to export most of the accumulated salts and thus concentrate highly saline groundwaters “. 

The extent to which this groundwater cleansing function occurs at Deep Springs and Little Alkali Lakes is unknown.  No changes in designations of the WQE use are proposed as part of these Basin Plan amendments.

FLD Flood Peak Attenuation/Flood Water Storage Use
This use is defined as:

“Beneficial uses of riparian wetlands in flood plain areas and other wetlands that receive natural surface drainage and buffer its passage to receiving waters.”

By definition, the FLD use applies only to wetlands.  Playa lakes have some of the characteristics of wetlands, and as terminal lakes, store flood waters.  However, Little Alkali and Deep Springs 

Lakes are not designated for the FLD use.  No changes in designations for this use are proposed at this time.

Water Contact Recreation (REC-1) Use
The REC-1 beneficial use is defined in the Basin Plan as :

“Beneficial uses of waters used for recreational activities involving body contact with water where ingestion of water is reasonably possible. These uses include but are not limited to, swimming, wading, water skiing, skin and scuba diving, surfing, white water activities, fishing, and use of natural hot springs.”
As the Basin Plan explains, the beneficial uses of surface waters of the Lahontan Region generally include the REC-1 use in order to implement the “swimmable” goals of the federal Clean Water Act.  Exceptions are made in a few cases, such as agricultural reservoirs, wastewater reservoirs, drinking water aqueducts, and in some special wildlife areas where access for REC 1 use is restricted or prohibited by the entities which control those waters.  

The USEPA water quality standards guidance (1994) discusses the criteria for water contact recreation uses largely in terms of protection of human health in relation to ingestion of water, particularly in relation to bacteria standards.  The guidance states that : “Recreation in and on the water... may not be attainable in certain waters, such as wetlands, that do not have sufficient water, at least seasonally”. However, physical factors, which are important in determining

attainability of aquatic life uses, may not be used as the basis for not designating recreational use consistent with the CWA Section 101(a)(2) goal. This precludes states from using low flows and 

physical factors in general as grounds for dedesignating a recreational use.  “The basis for this policy is that the States and EPA have an obligation to do as much as possible to protect the health of the public. In certain instances, people will use whatever water bodies are available for recreation, regardless of the physical conditions.”  In order to protect public health, States must set criteria to reflect recreational use if it appears that recreation will in fact occur.

By definition, the REC-1 use applies to natural hot springs.  (Some springs at the source may be too hot for water contact recreational use, but such use may occur in spring outflow streams, or 

in artificially developed pools, after cooling.)  In the past, hot springs of the Lahontan region have been used for therapeutic as well as recreational purposes.  For example, Coso Hot Springs, which is now the site of four geothermal energy power plants, was advertised in 1921 as the “Greatest Natural Radio Hot Spring in America”, with a guarantee that “its 250 springs would 

benefit stomach diseases, rheumatism, and kidney trouble”(Putnam and Smith, 1995); it is not clear whether this use involved ingestion of the water. Recreational use of natural hot springs is

currently popular enough that there are a number of Internet websites and travel guidebooks  which provide information on their locations,  temperatures, and the existence of parking, dressing rooms, and other developed facilities (e.g., Bischoff, 1997). 

The applicability to the REC-1 use to saline lakes has been questioned due to their unsuitability as drinking water,  the corrosivity of high PH to the skin, and the formation of a white crust on objects which come into contact with saturated brine solutions. However, saline waters may be attractive for contact because of the novelty of their unique properties such as their detergent nature. Mark Twain (quoted in Hinkle and Hinkle, 1949) visited Mono Lake in the 1860s and 

wrote about doing laundry by towing it behind a boat, and using the water as shampoo to create a lather three inches high.

Hammer (1986) noted the use of saline lakes for water contact recreation, including resorts at Great Salt Lake as early as the 1870s.  The bouyancy of some salt lakes has led to their use for swimming by tourists. Windsurfing has been reported to occur on the alkali lakes of Long Valley in the Owens River watershed (Jones & Stokes, 1993), and offroad vehicle users who like the “challenge” of muddy conditions probably come into contact with the brines of some moist playas.  The Searles Lake Gem & Mineral Society’s web page (1999) states:

“For more than fifty years, countless thousands of visitors have come to Trona during the second weekend in October for the annual Gem-O-Rama. And each year more collectors converge for the 48 hours of frantic, non-stop activity to collect some of the best and most desirable evaporite mineral specimens in the world.”  

The event involves manually searching through a pile of material excavated from beneath the playa surface for collectable mineral crystals.  Professional geologists also conduct field trips on the Searles Lake playa involving body contact with the moist playa surface (Elizabeth Lafferty, 

Lahontan RWQCB staff, personal communication.)  Because of their large size, and the presence of many of them within public lands, it would be vary difficult to limit recreational access to the saline lakes of the Lahontan Region. 

In conclusion, all nine of the waters currently under consideration for removal of the MUN use are considered to have existing or potential REC-1 uses, even though they may not be “swimmable” in the usual sense. No changes are proposed in REC-1 use designations as part of the current Basin Plan amendments. 

Non-Contact Water Recreation (REC-2) Use
The Basin Plan defines this use as:

“Beneficial uses of waters used for recreational activities involving proximity to water but not normally involving body contact with water where ingestion of water is reasonably possible.  These uses include, but are not limited to, picnicking, sunbathing, hiking, beachcombing, camping, boating, tidepool and marine life study, hunting, sightseeing, and aesthetic enjoyment in connection with the above activities.”

All of the “naturally impaired’ waters of the Lahontan Region should be considered to have this use. Many of them are located on public lands open for public recreation activities such as hiking, camping, and picnicking, or are visible to the public from roads and highways even if access is restricted.  Some of them have distinctive scenic features (e.g., the Mono Lake and Searles Lake tufa towers).  Although playa lakes are ephemeral; they can support boating when water is present. Hammer (1986) noted the use of permanent saline lakes for boating and sailing; the 

bouyancy of Great Salt Lake offered the opportunity to set powerboat speed records. Kayaking has been reported on Badwater Lake in Death Valley.  Even when these waters are located on private lands or military reservations, at least “aesthetic enjoyment” use by landowners or military personnel is a possibility.  

Commercial and Sportfishing (COMM) Use
This use is defined as:

“Beneficial uses of waters used for commercial or recreational collection of fish or other organisms, including but not limited to, uses involving organisms intended for human consumption.”

The criteria for this use are human consumption criteria (i.e., the weight of fish tissue from fish caught in a particular water body which can be consumed within a certain period without adverse health effects). Bioaccumulation and bioconcentration of toxic elements by fish and other edible aquatic organisms are important considerations.  Organisms from saline lakes have been harvested for food, papermaking, and fertilizer in other parts of the world (Hammer, 1986).

Although fishing may occur in Hot Creek and Little Hot Creek, the extent to which the nine “naturally impaired” water bodies support the COMM use is unknown. At least one saline water body in the Lahontan Region (Honey Lake) supports sportfishing; fish can enter the lake from the Susan River or tributaries and survive in relatively dilute water during wet years.   Mono Lake brine shrimp have been harvested for commercial sale to aquarists, and by the Department of Fish and Game as food for hatchery trout (Hinkle and Hinkle, 1949).  Scientists continue to collect aquatic organisms for study.  Although Native Americans historically ate brine fly larvae from 

large saline lakes such as Mono Lake and Owens Lake.  Human consumption of aquatic organisms other than fish collected from any of the nine waters has probably not occurred since the 1975 threshold date.  There are no samples of fish tissue from any of these waters available to evaluate bioaccumulation of toxics; however fish sampled from some other waters in the Crowley Lake watershed under the State Water Resources Control Board’s Toxic Substances Monitoring Program (TSMP) have shown “elevated” concentrations of toxic metals. A TSMP rainbow trout sample collected in 1996 from the Owens River above Crowley lake had an arsenic concentration in filet tissue which exceeded the California Office of Environmental Health Hazard Assessment’s “Maximum Tissue Residue Level” (MTRL) human consumption criterion.  Since human fish consumption criteria generally assume consumption over the long term; occasional consumption of fish caught by tourists probably would not result in ingestion of significant amounts of toxic chemicals of geothermal origin, even if individual fish bioaccumulate these chemicals.

As noted above, the unique adaptations of hot spring algae from Yellowstone National Park have led to a profitable biotechnology industry. The potential exists for study and biotechnology use of Lahontan Region organisms, but such use is not, to Regional Board staff’s knowledge, currently being made. No changes in COMM use designations are being proposed at this time.

Agricultural Supply (AGR) Use
The Basin Plan defines this use as:

“Beneficial uses of waters used for farming, horticulture, or ranching, including, but not limited to, irrigation, stock watering, and support of vegetation for range grazing.”

Of the nine saline/geothermal waters under consideration, all except for Deep Springs Lake are designated for the AGR use.  In most cases the designation results from application of the “tributary rule” or from applications of “generic” use designations for the  “minor streams and springs” category for each hydrologic unit. As summarized in Table 5, the chemical constituents in a number of these waters exceed agricultural water quality criteria for irrigation and/or stock watering. Some of them exceed watershed-specific water quality objectives for constituents such as boron, which are related to protection of agricultural uses.

Regional Board staff are not aware of any irrigated agriculture using water diverted directly from one of the nine water bodies; however, geothermal effluent from the power plant at Wendel Hot 

Springs (which is extracted from geothermal wells rather than the natural springs) is used to irrigate pasture land.  As noted in the literature review above, most plants are intolerant of high 

salinity and sodium levels. Highly saline or mineralized waters are unsuitable for irrigation of most crops, although salt tolerant desert plants are being researched for agricultural use and could conceivably be grown in some desert areas of the Lahontan Region in the future.

Livestock are present in the Little Hot Creek watershed;  as shown in the discussion of the creek below, the springs have been fenced to keep livestock out, and livestock impacts on creek habitat 

are one of the issues in protection of the endangered Owens tui chub.  Overgrazing is also an issue in the area of Little Alkali Lake. Range livestock grazing may occur on public lands in the watersheds of most of the other “naturally impaired” waters in question for at least part of each year, and it is possible that livestock ingest these waters. However, there are probably better surface water supply sources in all of these areas, and the “naturally impaired” waters probably do not serve as sole, year-round livestock watering sources. 

The California Department of Water Resources (1998)  projected a 10 acre foot (af) water shortage (mostly for agricultural use) in the North Lahontan Basin by 2020 (a 128 af shortage in drought years).  None of the options for increasing water supply which DWR considered was judged to be feasible, due either to economic or environmental reasons.  DWR projects that , during droughts, pasture irrigation will probably be curtailed. DWR (1998) also predicted a water 

shortage of 184 af in an average year and 210 af in a drought year by 2020 for the South Lahontan Basin. The most likely options projected to meet future shortages involved State Water Project supplies and water transfers via the California Aqueduct.  DWR (1998) considered reduction of outflow to playa lakes as an option for increasing water supplies in the South Lahontan Basin.  It stated that

  “... local storm runoff collects in many small playas throughout the basin, these playas generally do not contribute to groundwater recharge, due to the low permeability of playa soils. Water collected in the playas evaporates, rather than recharging groundwaters. Diversion or collection of runoff to playas and recharging to groundwater basins could result in increased groundwater supplies by elimination of the evaporation. Six dry lakebeds could potentially store an additional 1,800 af perhaps once every five years. Costs for this option are $1,000 to $3,300 per af. Water quality at the playas is generally poor, with high levels of salts and minerals. This option was deferred.” 

The costs for the option described above are similar to, or higher than the costs of desalination cited under the discussion of the MUN use, above.  For comparison with the projected cost of using playa runoff, DWR mentions one agricultural surface supplier in the South Lahontan Basin  with weighted average water costs of  $61 per acre-foot.

In conclusion, most of these waters are probably unsuitable for the AGR use due to high levels of TDS or toxic trace elements such as boron or arsenic. It might be appropriate to consider changes 

in agricultural use designations and/or site specific numerical water quality objectives for some of these waters in the future.  However, there are no proposals to change agricultural use designations or objectives at this time.

Aquaculture  (AQUA) Use

The Basin Plan defines this use as:

“Beneficial uses of waters used for aquaculture or mariculture operations including but not limited to, propagation, cultivation, maintenance, and harvesting of aquatic plants and animals for human consumption or bait purposes.”

None of the nine waters under consideration for removal of the MUN use is designated for the aquaculture use or currently supports aquaculture.  Hot Creek in the Owens River watershed is designated for the AQUA use because of the use of its waters in the Hot Creek fish hatchery. 

Geothermal effluent (obtained from ground water)  from the Wendel area is used in aquaculture, and no adverse impacts have been reported on 18 species of tropical fish raised in 100 percent geothermal effluent (GeoProducts and Zurn/NEPCO, 1987). Other saline or geothermal waters of the Lahontan Region could potentially be used for culturing brine shrimp or edible algae such as the blue-green Spirulina, or other salt-tolerant organisms, but RWQCB staff are not aware of any such proposals.  No changes in the current AQUA use designations in the Basin Plan are proposed at this time.
Table 5.  Summary of Compliance with Agricultural Supply Criteria for Nine “Naturally Impaired” Waters.

	Water Body 

    
	Constituents Exceeding 

Irrigation 

Criteria
	Constituent

Exceeding 

Stock-watering 

Criteria
	Comments

	Wendel Hot Springs


	Sulfate, TDS, specific conductance, chloride, boron
	Fluoride, arsenic
	

	Amedee Hot Springs


	TDS, chloride, boron,  sulfate 
	Fluoride, arsenic
	

	Fales Hot Springs
	Specific conductance, TDS, chloride, sulfate
	Fluoride, arsenic
	Exceeds Basin Plan narrative objective for pH

	Hot Creek


	Specific conductance, boron
	Fluoride
	Exceeds Basin Plan numeric water quality objectives for boron, TDS, and chloride.

	Little Hot Creek
	Specific conductance, chloride, boron, sodium
	Fluoride, arsenic
	Exceeds Basin Plan numeric objectives for boron, chloride, TDS, sulfate, fluoride, and narrative objective for pH

	Little Alkali Lake
	Boron, TDS, specific conductance, pH
	Fluoride, arsenic
	Exceeds Basin Plan numeric objectives for sulfate, chloride, fluoride, TDS, boron, and narrative objective for pH

	Keough Hot Springs
	TDS
	
	

	Deep Springs Lake 


	Sulfate, TDS, Specific conductance, pH
	Sulfate
	Exceeds Basin Plan narrative objective for pH

	Amargosa River
	 Sulfate, chloride, TDS, boron
	Sulfate, fluoride
	Exceeds Basin Plan narrative objective for pH


Industrial Process Supply (PRO) Use
This use is defined as:

“Beneficial uses of waters used for industrial activities that depend primarily on water quality.”

Standard references on water quality criteria (e.g., McKee and Wolf, 1963) discuss industrial use of water mainly in terms of the need for good quality water as an ingredient in food or beverage processing or in other processes such as the paper pulp industry and the need to prevent corrosion of or scale deposition on equipment. The saline and geothermal surface waters of the Lahontan Region would be considered of poor quality for most industrial process supply uses, especially those involving human food and beverages, due to high salinity and/or pH, high levels of toxic elements such as arsenic, and/or corrosivity.

The definitions of the PROC use (and the IND use below) do not really reflect one of the most widespread historic industrial uses of the saline lakes of the Mojave Desert, which is extraction of minerals from natural or manmade brine pools on the lake surface (e.g., Owens Lake) or from 

subsurface brine beneath dry lakebeds (Searles Lake.)  Another potential industrial use of Lahontan Basin waters which depends on poor quality (high salinity) is the use of solar brine ponds for power generation.  Salt gradient ponds have layers of brine with different concentrations; the most concentrated layer is at the bottom, where water temperatures can reach 200 degrees F.  The bottom layer is more dense than the upper layers, which inhibits heat convection.  The brine can be pumped through an external head exchanger and can be used for space heating or electricity production (U.S. Department of Energy, undated).

The nine surface waters currently under consideration for removal of the MUN use are not designated for the PRO use, and no changes in this designation are proposed at this time.
Industrial Services Supply (IND) Use
This use is defined in the Basin Plan as:

“Beneficial uses of waters used for industrial activities that do not depend primarily on water quality including, but not limited to, mining, cooling water supply, geothermal energy production, hydraulic conveyance, gravel washing, fire protection and oil well repressurization.”
Since, by definition, this use does not require good water quality, most “naturally impaired” waters of the Lahontan Region are theoretically suitable for it.  Very highly saline waters might not be suitable, since crystallization of salts and/or corrosion due to high pH could create problems with pipes and firefighting equipment. McKee and Wolf (1963) mention that firehose streams aimed at power lines can conduct electricity and cause electric shocks for firefighters, and 

that high levels of TDS increase the conductance.  Disposal of wastewater from saline/geothermal waters after IND uses would also be a concern.

The ground waters which feed Wendel and Amedee Hot Springs have been developed for geothermal energy, and the potential exists for geothermal energy development at other hot springs in the region.  Regional Board staff are not aware of any proposals to use Fales Hot Springs, Keough Hot Springs, or the springs which feed Little Hot Creek for energy production.

It is not clear whether the inclusion of “mining” in the definition of the IND use was meant to include the extraction of minerals from saline lakes.  Hammer (1986) states that most of the earlier research on saline lakes worldwide was done to evaluate their potential for mineral extraction.  Norris (1995) points out the widespread past or present mining of saline minerals throughout the Mojave desert at dry lakes and playas including Searles Lake, Bristol Dry Lake, Koehn Lake, and Danby Lake, and the open-pit borax mine at Boron.

The nine waters under consideration for removal of the MUN use are all at least potentially suitable for the industrial service supply use, although none of them is designated for it. No changes in designations for this use are proposed at this time.

Hydropower Generation (POW) Use  

This use is defined in the Basin Plan as 


“Beneficial uses of waters used for hydroelectric power generation”.

POW is not a designated beneficial use of any of the nine water bodies under consideration for removal of the MUN use, and there are no current proposals for hydropower use under consideration for any of them.  Most of these waters probably do not have perennial flows large enough to support hydropower uses.

Navigation (NAV) Use

This use category is defined as:

“Beneficial uses of waters used for shipping, travel, or other transportation by private, military, or commercial vessels.”

None of the nine waters under consideration for removal of the potential MUN use is designated for the NAV use.  To RWQCB staff’s knowledge, no commercial or military vessels use these waters, or have used them since 1975. No quantitative information is available on the extent of recreational boating on these waters; however, boating (at least with canoes or kayaks) is theoretically possible on Hot Creek, Little Hot Creek, Little Alkali Lake, Deep Springs Lake,  and 

the Amargosa River when water is present.  No changes in NAV use designations are proposed at this time.

Ground Water Recharge (GWR) Use

The GWR use is defined as:

“Beneficial uses of waters used for natural or artificial recharge of groundwater for purposes of future extraction, maintenance of water quality, or halting of saltwater intrusion into freshwater aquifers.”

All nine of the waters being considered for removal of the MUN use are designated for the Ground Water Recharge (GWR) use.  In most cases the designation probably results from the tributary rule and/or from categorical designations for “minor” surface waters of a particular hydrologic unit which date back to the 1975 Basin Plans.  No information is available on the amount of recharge which actually occurs, or the extent to which local soils are capable of removing salts and trace elements from recharged surface waters . Because of the high evaporation rates in some parts of the region, surface flows may not necessarily reach ground 

water.  Because of the poor quality of these waters, their unsuitability for MUN use, and in some cases their exceedance of criteria for agricultural use, these waters may not be suitable for groundwater recharge for later extraction. 

Geothermal areas tend to have multiple aquifers, with shallow freshwater aquifers overlying deep geothermal aquifers (see the discussions of the Honey Lake and Long Valley Caldera areas below). Some trace metals in geothermal waters which infiltrate into the upper aquifers may be removed by precipitation and complexation in the soil.  As noted in the discussion of the water quality enhancement (WQE) use above, playas may improve groundwater quality to some extent by serving as sites for evaporative concentration of salts at the surface, where they are removed from the system by wind action. The Department of Water Resources (1998) states that playas generally do not contribute to groundwater recharge because of relatively impermeable soils.

No changes are proposed at this time in current GWR use designations.

Freshwater Replenishment (FRSH) Use

This use category is defined as:
“Beneficial uses of waters used for natural or artificial maintenance of surface water quantity or quality (e.g., salinity).”

Of the nine water bodies under consideration for removal of the MUN use, only Wendel and Amedee Hot Springs, Hot Creek, and Little Hot Creek are designated for the FRSH use.  The latter two designations result from the “tributary rule”.  Due to their naturally poor quality and

violations of municipal and/or agricultural use criteria, the suitability of any of these waters for “freshwater replenishment” is questionable.  Ruschmeyer and Tchobanoglous (1989) concluded that geothermal discharges from the groundwater wells located near Wendel and Amedee Hot Springs served to dilute Honey Lake.

WATER QUALITY AND BENEFICIAL USES OF SPECIFIC SURFACE WATERS

The information on specific water bodies below is almost entirely from publications in the Lahontan RWQCB’s South Lake Tahoe and Victorville offices.  In most cases the data reflect a very limited number of samples.  Due to the listing guidance in effect at the time, these waters were placed on the Section 303(d) list on the basis of such limited information. When considering revisions of water quality objectives,  RWQCB staff normally seek more abundant, long term monitoring data to determine historical quality and compliance with existing standards. 

Water quality is not monitored on an ongoing basis for these water bodies, and thus seasonal and annual variations cannot be analyzed.  The water quality of geothermal springs can be expected to be less variable over time than that of the lakes and streams, since the latter are more affected by precipitation, runoff, and evaporation.  For example, see the data in Table 7 for samples of Wendel Hot Springs taken in 1957 and 1967.

The nine specific water bodies from which the MUN use is proposed for removal are discussed in north- to –south order below. 

WENDEL AND AMEDEE HOT SPRINGS, LASSEN COUNTY

Wendel and Amedee Hot Springs are groups of springs located northeast and east of Honey Lake in Lassen County (Figure 3).   (Honey Lake and adjacent wetlands are also Section 303(d) listed for naturally occurring trace elements, and will be addressed in future TMDLs.)  The flow in the natural springs has been drastically altered by geothermal development.  The geothermal wells draw on the aquifer feeding the springs, and surface geothermal discharges are of essentially the 

same quality as the springs. 

Honey Lake, a remnant of prehistoric Lake Lahontan, is located within a graben.  Surface geological mapping shows three major faults, all of which control the existence of both fossil hot springs, indicated by a linear series of tufa mounds, and currently active hot springs. The Honey 

Lake region is considered a “Known Geothermal Resource Area” by the U.S. Bureau of Land Management (DWR, 1978).

The Honey Lake ground water basin is composed of three layers. The surface layer, which includes the regions’ freshwater aquifers, is composed of nearshore lacustrine deposits, alluvial sediments, and minor fractured thin basalt flows. Fresh groundwater wells extend up to about 50 feet below the surface. The next layer (mudflows and lithic tuffs),  provides a barrier between the fresh water and geothermal aquifers. The third unit at a depth of at least 4500 feet, includes fractured and faulted granitic rocks, which facilitate the movement of geothermal waters.  The presence of Wendel Hot Springs and the artesian characteristics of several geothermal wells show that the geothermal aquifer has a hydraulic head greater than the freshwater aquifer.   Both geothermal and fresh ground waters are recharged through precipitation in the surrounding mountains. (Lassen County Board of Supervisors, 1987).  Geologic studies indicate that geothermal fluids percolate to a depth of 7000 feet or more, where they are heated conductively and then rise to the surface along northeast trending faults (U.S. Bureau of Reclamation, 1976).

An early U.S. Geological Survey publication (Waring, 1915) provides descriptions of the springs before development for geothermal energy production, and information on early human uses.  Regarding Amedee Hot Springs, Waring states [italics added]:

 “Scalding water forms several groups of shallow pools, mainly at six places in a belt about 600 yards long that trends nearly southwest... but one third of a mile southwest from the southern most of these main groups another hot spring  forms a pool in salt-grass land...  Temperatures of 172o F to 204o F (practically the boiling point at this elevation, 4,000 feet) … [the] total discharge of hot water as measured by the flow of six run-off streams is about 700 gallons a minute. …[In] 1909 the spring had not been improved to great extent but there was a small bathhouse beside the railroad, near one of the largest groups of springs. At the southernmost of the main groups there was also an old bathhouse, and water from one of the northernmost springs was used in preparing sheep dip.  At the Amedee Hotel, a shallow well supplied water at a temperature of 134o F  for kitchen use.”

Waring reported that there were no prominent deposits of tufa but that the hottest spring rose from a small tufa area.

For Shaffer (now Wendel) Hot Springs, Waring noted a continuous tufa formation nearly half a mile long with  prominent crags and knolls beyond this.  The main spring was about 10 yards in diameter and one to two feet deep. It was formerly a geyser but had been stopped by stones. The temperature was 204 degrees F and there was a bathhouse/vapor bath there in 1909.  The estimated flow was 748 gallons per minute  in 1885 and 175 gallons per minute in 1909.  There were two more hot springs and pools.  Waring cites an 1885 report of a 50 foot high, mushroom shaped tufa crag.

Honey Lake is located on the Pacific Flyway and is considered one of the most important waterfowl wintering refuges in the state.  At least 200 bird species and a variety of wildlife including 20 small mammal species use the area.  It provides year-round deer range, and 

pronghorn antelope winter range. Sensitive species include greater sandhill crane, bald eagle, a bat, and two rare plants. Rare aquatic invertebrates may also be present in the Wendel Hot Springs canal. (Lassen County Board of Supervisors, 1987; California Department of Food and Agriculture, 1978; U.S. Bureau of  Reclamation, 1982). The Honey Lake State Wildlife Area is located just west of Wendel.   
The region was sufficiently productive to support a settled lifestyle for the Honey Lake Paiute tribe, who relied on the fish resources of the lake and the plant resources along its shores and tributaries. Human occupancy goes back as far as 2000 years, and the area is now considered to have extreme cultural resource sensitivity (Lassen County Board of Supervisors, 1987). 

The estimated population of Lassen County’s Wendel Planning Area was about 130 people in 1987, with 108 living in the immediate Wendel area.  There was no vacant housing, and little demand for housing. Possible future growth was expected to be due to geothermal development.

The County plan recognizes that the soils in the Wendel area are suitable for  crops and grazing, and in the Amedee area for grazing.  The plan includes a geothermal resources element with 

policies for protection of the resource, and “geothermal industrial reserve” zoning (Lassen County Board of Supervisors, 1987).

Although the discharges from the current geothermal wells are of the same quality as the natural springs, concern has been expressed regarding their impacts on water quality and beneficial uses. Lassen County recommended that the cooling pond from the Honey Lake Power Plant be fenced and the temperature monitored in order to protect humans, livestock, wildlife.  The County also recommended that the temperature in the discharge channel not be allowed to exceed 102 degrees F without fencing (Lassen County Board of Supervisors, 1987). The discharges from the geothermal power plants at Wendel and Amedee Hot Springs are, together with the Susan River (which is also affected by geothermal sources) the major sources of arsenic, boron and molybdenum to Honey Lake.  During the 1980s drought, the Susan River was significantly affected by agricultural diversions, and the power plant discharges represented significant fractions of the inflow to the lake (Ruschmeyer and Tchobanoglous, 1989).  At this time, the Department of Fish and Game expressed concern about use of geothermal waters to supplement wetland supplies in the wildlife refuge, due to high concentrations of arsenic and molybdenum (Lassen County Board of Supervisors, 1986). 

Geothermal discharges in the Wendel area are used for agricultural irrigation and for aquaculture. GeoProducts Corporation and Zurn/NEPCO (1987) concluded on the basis of a literature review that if geothermal well effluent were mixed with cold shallow ground water before use for irrigation in the Honey Lake area, there were unlikely to be adverse impacts on the proposed crop (alfalfa) from salt buildup or trace minerals such as fluoride. GeoProducts Corporation and Zurn/NEPCO (1987) reported no significant differences between test and control groups of organisms (fathead minnow larvae, Ceriodaphnia, and Selenastrum) in bioassays of geothermal effluent combined with wood burning power plant effluent, and no adverse impacts of 100 percent effluent on 18 species of tropical fish being raised at the Honey Lake Tropical Fish Farm. Geothermal heat is also being used in 30 greenhouses at Wendel Hot Springs to grow cucumbers and tomatoes, and the operation may expand to 200 greenhouses (Karl, 1998).

Tables 6 through 9 summarize historic data on the water quality of Wendel and Amedee Hot Springs, and more recent data on the quality of the geothermal discharges.  Note that the TDS levels do not exceed the Sources of Drinking Water Policy threshold of  3000 mg/L.  However, 

the concentrations of several other constituents including arsenic and fluoride exceed drinking water criteria (see Tables 3 and 4).   

There are no known direct historic (since 1975) municipal uses of the water from Wendel and Amedee Hot Springs.  The flows from the natural springs have been significantly reduced due to geothermal development.  The small population of the area, and the availability of better water supplies from the shallow aquifer, make it unlikely that the spring waters will be in demand for municipal use in the future.  The removal of the potential MUN use designation is justified for both water bodies.

Table 6.  Water Quality Data for Wendel and Amedee Hot Springs (Lassen Co. Board of Supervisors 1987)
	Constituent/Units
	Wendel Hot Springs
	Amedee Hot Springs

	Sodium  (mg/L)
	280
	250 

	Chloride  (mg/L)
	190
	160

	Sulfate (mg/L)
	360
	300

	Fluoride (mg/L)
	4.1
	4.4

	Zinc (mg/L)
	0.015
	0.005

	
	
	

	Boron (mg/L)
	5.5
	4.0

	pH
	8.4
	8.4

	Total Dissolved Solids (TDS), mg/L
	1040
	879

	Sodium Absorption Ratio (SAR)
	93.0
	94.2


Table 7. Total Trace Element Concentrations Sampled in Wineagle and Amedee Geothermal Discharges (Ruschmeyer and Tchobanoglous, 1989).  The Wineagle plant is near Wendel Hot Springs.
	Station/Sample Type/Date/Units
	Boron
	Arsenic
	Molybdenum

	Wineagle/ water/ 9/88
	5.70 mg/L
	0.16 mg/L
	0.06 mg/L

	Wineagle/ water/ 10/88
	4.9 mg/L
	0.17 mg/L
	0.10 mg/L

	Wineagle/ water/ 11/88
	5.34 mg/L
	0.19 mg/L
	0.05 mg/L

	
	
	
	

	Amedee/ water/ 9/88
	4.70 mg/L
	0.19 mg/L
	0.08 mg/L

	Amedee/ water/ 10/88
	4.3 mg/L
	0.18 mg/L
	0.07 mg/L

	Amedee/ water/ 11/88
	4.59 mg/L
	0.20 mg/L
	0.08 mg/L

	
	
	
	

	Wineagle/ sediment/ 9/88
	10.8 mg/kg
	5.2  mg/kg
	0.57 mg/kg

	Wineagle/ sediment/ 10/88
	14.0 mg/kg
	22.2 mg/kg
	0.93 mg/kg

	Wineagle/ sediment/ 11/88
	22.9 mg/kg
	15.0 mg/kg
	0.53 mg/kg

	
	
	
	

	Amedee/ sediment/ 9/88
	34.4 mg/kg
	15.0 mg/kg
	0.54 mg/kg

	Amedee/ sediment /10/88
	28.1 mg/kg
	11.3 mg/kg
	1.18 mg/kg

	Amedee/ sediment/ 11/88
	16.0 mg/kg
	6.0 mg/kg
	0.34 mg/kg


Table 8.  Quality of  Geothermal Well (Wineagle-1) Effluent (GeoProducts and Zurn/NEPCO, 1987).
	Constituent
	Concentration

	Arsenic
	190 ug/L

	Copper
	30 ug/L

	Fluoride
	3.6 mg/L

	Boron 
	6.64 mg/L

	Molybdenum 
	63 ug/L

	Sodium
	260 mg/L

	Chloride
	165 mg/L

	Sulfate
	298 mg/L

	Mercury
	1.1 mg/L

	TDS
	875 mg/L

	Electrical Conductivity
	1340 umho/cm

	Sodium Adsorption Ratio 
	16


Table 9.  Early Water Quality data for Wendel Hot Springs and Amedee Hot Springs (from California DWR, 1970)
	Constituents and Units
	Wendel Hot Springs (Sampled 8-8-1957)
	Wendel Hot Springs

(Sampled 2-15-1967)
	Amedee Hot Springs

Sampled 1915

	Temperature (degrees F)
	200
	ND*
	200

	Specific Conductance (umho/cm @ 25 degrees)
	1470
	1490
	ND

	pH
	8.2
	8.5
	ND

	Calcium (Ca, ppm)
	20
	22
	18

	Magnesium (Mg, ppm)
	0.2
	0.0
	trace

	Sodium (Na, ppm)
	276
	285
	232

	Potassium (K, ppm)
	 8.1
	0.0
	4.9

	Carbonate (CO3, ppm)
	0
	9
	27

	Bicarbonate (HOC3, ppm)
	51
	35
	ND

	Sulfate (SO4, ppm)
	342
	366
	269

	Chloride (Cl, ppm)
	192
	182
	164

	Nitrate (NO3, ppm)
	0.0
	0.3
	ND

	Fluoride (F, ppm)
	2.2
	ND
	ND

	Boron (ppm)
	5.1
	4.8
	ND

	Silica (ppm)
	53
	ND
	94

	Iron (Fe, ppm)
	0.04
	0.01 (total Fe)
	1.8 “Al-Fe”

	Aluminum (Al, ppm)
	0.06
	0.00
	1.8 “Al-Fe”

	Arsenic (As, ppm) 
	0.18
	0.22
	ND

	Copper (Cu, ppm)
	ND
	0.00
	ND

	Lead (Pb, ppm)
	ND
	0.00
	ND

	Manganese (Mn, ppm)
	ND
	0.00
	ND

	Zinc (Zn, ppm)
	ND
	0.00
	ND

	TDS (ppm)
	924
	1010
	ND

	Percent Sodium
	91
	ND
	ND

	Total Hardness  (CaCO3) ppm
	51
	ND
	ND


* “ND”= “Not Determined”. 

Table 10.  Water Quality Data for Wendel and Amedee Hot Springs (USGS samples collected in August 1976, cited in U.S. Bureau of Reclamation, 1982).
	Constituent
	Wendel Hot Spring
	Amedee Hot Spring #1 north vent
	Amedee Hot Spring #2 (middle vent)
	Amedee Hot Spring #3 (south vent)

	Temperature (C.)
	95.5
	76
	92
	96

	pH
	8.3
	8.5
	8.4
	8.4

	Total Dissolved Solids (TDS), mg/L
	1,021
	853
	863
	854

	Ca (mg/L)
	20
	16
	16
	15

	K (mg/L)
	8
	6
	6
	6

	Mg (mg/L)
	0.1
	0.1
	0.1
	0.1

	Na (mg/L)
	280
	235
	235
	235

	Cl (mg/L)
	185
	160
	160
	155

	SO4 (mg/L)
	340
	280
	290
	280

	HCO3 (mg/L)
	53
	49
	48
	57

	B
	5.6
	3.7
	3.8
	3.8

	SiO2
	125
	100
	100
	98


FALES HOT SPRINGS AND HOT CREEK, MONO COUNTY

The Fales Hot Springs are located at an elevation of 7300 feet near the headwaters of Hot Creek, which is tributary to the Little Walker River in the West Walker River Hydrologic Unit (Figure 4). The springs are located near Highway 395 about 13 miles north of Bridgeport.  The creek is about 5 miles long and is close to Highway 395 for much of its length. The hot springs were historically used as part of a way station on the Sonora-Mono Wagon Road, over Sonora pass to Bodie; the road was completed in 1878.  The springs were later developed as part of a now closed resort, with diversions for individual bathhouses and a pool.  The resort, now located on public land, is currently closed and “in disrepair”.  The water temperature, 150 degrees F. or more at the source, is said to be dangerous (Bischoff, 1997).  NOAA (1999) gives the temperature as 180 degrees F or 82 degrees C.

Hot Creek (Figure 4) originates in springs near “Devils Gate” and is tributary to the Little Walker River and thence the West Walker River. Its water quality and temperature are affected by natural geothermal discharges from Fales Hot Springs.  It should not be confused with the other Hot Creek in Mono County, which is in the upper Owens River watershed near the town of Mammoth.. There is relatively little information available on Hot Creek. It was placed on the Section 303(d) list on the basis of the  STORET data summarized below. Hot Creek may also affected by highway runoff and road maintenance activities, and possibly by range livestock grazing.  Hot Creek is not routinely monitored and the relative contributions of surface runoff, groundwater percolation  and hot spring discharges to its flow and chemistry are unknown.  There are no industrial sources of toxic chemicals in the watershed and the high levels of constituents such as boron, sulfate and fluoride are assumed to be from natural geothermal sources. 

The following are summaries of water quality data for Fales Hot Springs and Little Hot Creek,  collected by the U.S. Geological Survey and the California Department of Water Resources and reported in the USEPA STORET computer database.  They show that, while these waters do not exceed the TDS threshold in the Sources of Drinking Water Policy (3000 mg/L), they contain constituents such as arsenic, fluoride, and sulfate in concentrations which exceed drinking water standards or criteria (see Tables 3 and 4).  Note that boron was not measured in the Fales Hot Springs samples, and arsenic was not measured in Hot Creek;  it is likely that arsenic and boron are present in high concentrations in both water bodies.  The geothermal influence on Hot Creek is obvious when the data in Table 13 are compared with those for a sample taken at the same time from the Little Walker River above Hot Creek.  The latter sample had sulfate at 2.7 mg/L, fluoride at 0.10 mg/L, boron at 0 ug/L, specific conductance at 56 umho/cm, and total alkalinity at 27 mg/L.

To RWQCB staff’s knowledge, there is no existing municipal use of Fales Hot Springs or Little Hot Creek, and there are no surface water diversions for municipal use from the Little Walker and West Walker Rivers in California.. Because of their relatively small flows and remote locations Fales Hot Springs and Hot Creek are unlikely to be in demand as municipal sources in the future,

even if treatment is technologically and economically feasible. The removal of the potential MUN use from both of these waters is justified.

Table 11.  Water Quality of Fales Hot Springs. (Single surface sample by the USGS- August 25 1980. Source: STORET database.)

	Parameter and Units
	Value

	Temperature (degrees C)
	59

	Specific Conductance (umho/cm)
	2600

	pH (Units)
	6.3

	Arsenic, dissolved, ug/L
	1000

	Lead, dissolved, ug/L
	17


Table 12. Water Quality of Fales Hot Springs Pool  (Single surface sample by CA Dept. of Water Resources, Nov. 3, 1955. Source: STORET database)

	Parameter and Units
	Value

	Specific conductance (umho/cm)
	2570

	Total alkalinity (mg/L as calcium carbonate)
	910

	Total hardness (mg/L as calcium carbonate)
	142

	Chloride (mg/L)
	158 

	Sulfate (mg/L)
	260

	Arsenic (ug/L)
	1100

	Copper, dissolved (ug/L)
	20

	Iron, dissolved (ug/L)
	220

	Manganese (ug/L)
	90 

	Aluminum (ug/L)
	90

	Zinc (ug/L)
	10


Table 13.  Water Quality of Fales Hot Springs.  (USGS data, single sample collected at surface on May 10, 1977.  Source: STORET database.)

	Parameter and Units
	Value

	Temperature (Degrees C.) 
	63

	pH (units)
	7.5

	Total Alkalinity (mg/L as calcium carbonate)
	910

	Nitrite plus Nitrate (mg/L)
	0.10

	Orthophosphate (as phosphate) (mg/L)
	0.34

	Orthophosphate (as phosphorus) (mg/L)
	0.11

	Total hardness (as calcium carbonate) (mg/L)
	150

	Chloride (mg/L)
	150

	Sulfate, Total  (mg/L)
	270

	Fluoride, Dissolved (mg/L)
	5.7

	Iron, Dissolved (ug/L)
	90

	Manganese, Dissolved  (ug/L)
	180

	Aluminum, dissolved (ug/L)
	10

	U-NAT, dissolved (ug/L)
	1.9

	Dissolved solids  (mg/L
	1750


Table 14. Water Quality of  Hot Creek. (Single sample by CA Dept. of Water Resources,  at Little Walker Cowcamp Road, elevation 7000 feet, on August 9, 1956.)   

	Parameter and Units
	Value

	Water temperature, degrees F
	51

	Specific Conductance, umho/cm
	1160

	pH, units
	8.2

	Total Alkalinity, mg/L
	418

	Chloride, mg/L
	76

	Sulfate, mg/L
	93

	Fluoride, mg/L
	1.8

	Boron, ug/L
	3300

	Nitrate, mg/L as nitrate
	1.0


LITTLE HOT CREEK AND LITTLE ALKALI LAKE, MONO COUNTY

Little Hot Creek and Little Alkali Lake (Figure 5) are located in the Long Valley Caldera, described by the Department of Fish and Game (1993) as follows:

 “Long Valley Caldera is a large volcanic complex that forms an elongate depression and determines the location, gradient and substrate of the [Upper Owens ] river.  The caldera is approximately 11 miles from north to south and 20 miles from east to west. Approximately 730,000 years ago, the roof of a large magma chamber at the site erupted… As the chamber emptied, the roof collapsed, and long Valley Caldera was formed….  About 600,000 years ago, a large resurgent dome formed in the west-central portion of the caldera.  During this time the caldera also contained a large lake, which is referred to as Pleistocene Long Valley Lake...  Long Valley remains a region of high heat flow, with numerous hot springs located throughout."

Jones and Stokes (1993) recognized that  

“Geothermal activity strongly influences water quality in the Upper Owens River basin upstream of Lake Crowley reservoir.  Visible geothermal activity consists of hot springs, fumaroles, and thermally altered rock primarily around Hot Creek, Little Hot Creek, Casa Diablo Hot springs, Whitmore Hot springs, and the Alkali Lakes…. These phenomena are associated with past volcanism, which has recently shown signs of renewal in the area.”  
A  number of surface waters influenced by volcanic activity in the Long Valley Caldera, including Hot Creek, have been placed on the Section 303(d) list, but are not being considered for removal of the MUN beneficial use designation because they contribute substantial flows to Crowley Lake and the Los Angeles municipal supply, and must therefore be considered to have “existing” MUN uses.

Groundwater temperatures greater than 200 degrees C have been measured in the western part of the Long Valley Caldera.  Hydrothermal water flows from west to east and discharges in springs in the southern and eastern part of the caldera (Howle and Farrar, 1996). There are three distinct subsurface hydrologic systems in Long Valley: a shallow, unconfined groundwater system, a shallow, confined groundwater system, and a deeper geothermal system.  Many springs discharge geothermal water mixed with water from the shallow groundwater system; the temperature of these springs varies depending on the degree of mixing (USGS, 1976).

A number of publications recognize the poor quality of the geothermally influenced waters of the Long Valley Caldera.  Discussing the hot springs tributary to Hot Creek, the California Department of Water Resources (DWR, 1967) stated:

“ Significant concentrations of the trace elements barium, strontium, iron and manganese and germanium are present in the hot springs and geothermal waste waters.  The presence of  a high concentration of germanium indicates the influence of a deep-seated magmatic body.  This magma is the original source for the high concentrations of arsenic, fluoride, boron and some trace elements in the hot springs and geothermal waste waters” (Italics added).

The California Department of Water Resources (DWR, 1967), calculated the “average” quality of hot springs and alkali lakes in the Long Valley Caldera.  The average TDS for hot springs was 1,059 ppm [mg/L], and that for “Alkali Lake and related waters” is 29,734 ppm.  The reported average values for arsenic, fluoride and boron in the hot spring and alkali lake categories exceeded water quality criteria. The alkali lakes were high in iron and relatively low in barium and strontium compared with the hot springs.

The USGS (1976) also reported that geothermal waters in Long Valley have high concentrations of dissolved solids, mainly sodium, bicarbonate, chloride, boron and arsenic, and  “high concentrations of a host of trace elements”. The USGS reported antimony in association with high arsenic concentrations at several locations. Hot spring water was considered the major source of  arsenic to the Los Angeles Department of Water and Power (DWP) system and an issue of concern to the DWP for at least 25 years prior to 1976.

The Los Angeles Aqueduct domestic supply has a long term annual average arsenic concentration of 22 ug/L, most of which comes from Hot Creek.  Blending and treatment reduce this concentration to an annual average of 10 ug/L.  The DWP has stated that treatment to remove arsenic from the entire Los Angeles Aqueduct supply in order to meet the USEPA’s potentially more stringent drinking water standard will be “quite costly”, and that a water treatment facility at Hot Creek, while it would be more cost-effective, would be difficult to site because of the environmental sensitivity of the area (City of Los Angeles Water Service, 1998.)

The geothermal waters of the Long Valley caldera also affect other resources. Howle and Farrar (1996) state: The thermal springs provide unique environments for wildlife and plants and are used for recreational bathing by thousands of tourists each year”. The University of California, Santa Cruz (1999) is studying the vegetation of Long Valley Caldera using Airborne Visible-Infrared Imaging Spectrometer (AVIRIS) technology.  The study indicates that “Vegetation exposed to hydrothermal conditions responds in many ways, including accelerated growth cycles, influx of tolerant species groupings, and death of organisms.”  One of the study sites is at Little Hot Creek. The largest direct use of geothermal resources in the area is at the Hot Creek fish hatchery operated by the California Department of Fish and Game since 1932. Geothermal power 

has been generated in the area since 1985, with production totaling 40 megawatts from three plants at Casa Diablo in 1992.  

Little Hot Creek. As shown in Figure 4, Little Hot Creek is part of a braided channel system, and different references state that it is tributary either to Hot Creek or to the Owens River. The creek is approximately four miles long from its source to Owens River, and that average annual flow of Little Hot Creek near the source between 1942 and 1965 was 1,000 acre feet, estimated to contribute 0.47 percent of the net outflow of Lake Crowley in 1967 (California Department of Water Resources (1967).  In 1976, another DWR study found relatively low flow (no more than 0.15 cfs) at a downstream station in the creek, and concluded that, while appreciable runoff could occur during precipitation, the accumulation of salt residue along the creek channel and the high salinity of water backed up behind a culvert indicated extensive evaporation.  

 “During periods of high flow in Little Hot Creek, some salt residue would be dissolved and transported to Hot Creek, but the associated additional runoff to Lake Crowley would dilute this solution.  These hot springs would not make any significant contribution of arsenic to Hot Creek and consequently to Lake Crowley, even during extended dry periods which are of most concern (DWR, 1976).” 

.

Little Hot Creek has its source in “numerous” hot springs with temperatures about 80 degrees C (USGS, 1998), and the flow from these springs is normally the only water in the creek (USGS, 1976). Water discharges were nearly constant in the three sampling periods of the USGS (1976) study.  According to NOAA (1999) the Little Hot Creek Spring as a maximum surface temperature of 180 degrees F (82 degrees C).  The USGS creek monitoring site is downstream of the geothermal activity and results reflect both springs and meteoric water.

Little Hot Creek was placed on the Section 303(d) list for arsenic concentrations exceeding drinking water standards.  The arsenic concentration from a composite sample taken at the springs was 600 ug/L A composite sample below the confluence of the discharge from the springs on October 18, 1972 had an arsenic concentration of 540 ug/L, and an antimony concentration of 50 ug/L (USGS, 1976). Other trace elements from geothermal sources in this watershed include barium, strontium, boron, fluoride, vanadium, gallium, etc. (DWR, 1967); see Table 19 below.  

The California Department of Water Resources (DWR, 1967) estimated for Little Hot Creek at the source, at an average annual flow of 1,000 acre feet, an average arsenic concentration of 0.75 ppm and an annual arsenic load of 1.0 tons; an annual fluoride concentration of 8.8 ppm and an annual load of 12.0 tons; and an average boron concentration of 10.00 ppm and an annual load of 13.6 tons. Jones and Stokes (1993) cited an arsenic concentration for Little Hot Creek of 600 ug/L and an estimated discharge to Crowley Lake of 0.3 tons of arsenic per year.


Additional water quality data for Little Hot Creek and its source spring are presented in Tables 15 through 18 and 21 below.   In addition to exceeding the arsenic MCL, these water exceed the Lahontan Basin plan’s objectives for the upper Owens River (Owens River above East Portal) objectives for fluoride, boron, sulfate, chloride, and total dissolved solids.

Land ownership in the Little Hot Creek watershed is divided among the Los Angeles Department of Water and Power, the U.S. Forest Service (Inyo National Forest), the U.S. Bureau of Land Management, and private parties.  The hot springs at the headwaters of Little Hot Creek, on U.S. Forest Service land, are used for recreation (Bischoff 1997). Bischoff states that the cluster of hot springs has been fenced to reduce cattle damage. Karl (1999) mentions “the pool the locals have built”  near the source springs.

Little Hot Creek provides habitat for one of five pure populations of the state and federally endangered Owens tui chub (Jones and Stokes, 1993). The Owens tui chub has been planted in an artificially created waterfowl pond on Little Hot Creek. The U.S. Fish and Wildlife Service (undated) has proposed a conservancy area within the Little Hot Creek watershed for the chub (Gila bicolor snyderi); its draft recovery plan for that species states:  “The ecological uniqueness of this area and recent discoveries of new species …suggest that future surveys may document the presence of additional unique plants and animals in the basin” (USFWS, undated).

The proposed conservation area  is on U.S. Forest Service Land, and would involve 1.6 surface acres of fish habitat and 2 miles of linear habitat.  It would include the source springs, their outflow and flood plain, and sodic and wet meadows. Proposed activities would include expanding habitat, eliminating non native fishes, installing a barrier to prevent upstream fish movement into the creek, protecting riparian vegetation from excessive livestock grazing, and protecting spring discharge from adverse impacts of groundwater pumping and geothermal development.  (Geothermal development might decrease the flow from the springs into the creek, and alter thermal and chemical characteristics of the water. )

In conclusion, available data show that concentrations of arsenic and other trace elements in Little Hot Creek exceed drinking water standards.  Because of the ephemeral nature of lower reaches of the creek, the costs of treatment, and conservation issues related to rare and endangered species, it is unlikely that there will be proposals to use the creek directly as a source of drinking water.   The contribution of the creek to the Crowley Lake municipal supply is relatively small. Removal of the potential MUN beneficial use designation from Little Hot Creek is justified.
Table 15. Water Quality Data for Little Hot Creek  (DWR, 1967)
	Parameter


	Little Hot Creek near Source, 6/16/1966
	Little Hot Creek at County Road (3/22/61)
	Little Hot Creek at County Road (6/13/66)

	Temperature
	140 degrees F
	--
	76 degrees F

	pH
	7.9
	7.9
	9.1

	Specific conductance
	1976 umho/cm
	2418 umho/cm
	2160 umho/cm

	Sulfate
	99 ppm (mg/L)
	121 ppm (mg/L)
	106 ppm (mg/L)

	Chloride
	206 ppm (mg/L)
	260 ppm (mg/L)
	242 ppm (mg/L)

	Fluoride
	8.8 ppm (mg/L)
	10.4 ppm (mg/L)
	11.0 ppm (mg/L)

	Boron
	10.0 ppm (mg/L)
	7.50 ppm (mg/L)
	11.20 ppm (mg/L)

	TDS
	1280 ppm (mg/L)
	1270 ppm (mg/L)
	1360 ppm (mg/L)

	Arsenic
	0.75 ppm (750 ug/L)
	--
	0.70 ppm (700 ug/L)


Table 16. Spectrographic analyses of trace elements in Little Hot Creek and waters of the Alkali Lakes area (DWR, 1967, reporting analyses from several sampling dates in 1966. Ranges are shown where applicable.  Values expressed as “<” probably reflect detection limits).
	Parameter
	Hot Spring at Little Hot Creek
	Little Hot Creek at County Road
	Surface Flow from Alkali Lakes

	Electrical conductivity
	1908 umho/cm
	2160 umho/cm
	2513

	TDS
	1240 ppm (mg/L)
	1360 ppm (mg/L)
	1690

	Aluminum
	43 to  <100 ppb (ug/L)
	<100 ppb (ug/L)
	<100

	Barium
	250 ppb (ug/L)
	60 ppb (ug/L)
	28 ppb (ug/L)

	Cadmium
	<0.1 to 12 ppb (ug/L)
	<10 ppb (ug/L)
	<5 ppb (ug/L)

	Chromium
	<0.71 to <1 ppb (ug/L)
	2 ppb (ug/L)
	<1 ppb (ug/L)

	Copper
	<0.71 to 3.3 ppb (ug/L)
	10 ppb (ug/L)
	14 ppb (ug/L)

	Gallium
	<2.9 to 11 ppb (ug/L)
	<1 ppb (ug/L)
	<1 ppb (ug/L)

	Lead
	<0.71 to <1 ppb (ug/L)
	3.5 ppb (ug/L)
	3 ppb (ug/L)

	Molybdenum
	>278 to 570 ppb (ug/L)
	3.1  ppb (ug/L)
	10.5 ppb (ug/L)

	Nickel
	1-1.6 ppb (ug/L)
	1.3 ppb (ug/L)
	2.5 ppb (ug/L)

	Strontium
	350 ppb (ug/L)
	360 ppb (ug/L)
	<40 ppb (ug/L)

	Vanadium 
	0.5-1.7 ppb (ug/L)
	2 ppb (ug/L)
	3.2 ppb (ug/L)

	Zinc
	<2.9- 129 ppb (ug/L)
	13 ppb (ug/L)
	60 ppb (ug/L)


Table 17.  Water Quality of Little Hot Creek below the hot spring (USGS station 10265160 sampled in July  18, 1990 and July 8, 1992).

	Parameter and Units
	Value

	Water Temperature, degrees C 
	52.7 and 54

	pH, units
	8.14 and 8.4

	Specific conductance  uS/cm [=umho/cm]
	1940

	Discharge
	0 .44 cfs

	Fluoride 
	0.7

	Beryllium  ug/L
	9

	Boron ug/L
	100-600

	Copper, ug/L
	1-2

	Lead, ug/L
	6-17

	Antimony, ug/L
	27-30

	Total Dissolved Solids mg/L
	50-80

	Arsenic, ug/L
	710 and 740

	Mercury, dissolved , ug/L
	0.1


Table 18.  Water quality, flow and loading data for Little Hot Creek (Source: USGS, 1976).  The number after the slash for each chemical  is the estimated rate of chemical discharge in tons per year. The first three samples were collected from the upper creek; the fourth was from a downstream station where the channel widens and the flow almost disappears.  )

	Sampling date
	Sodium (mg/L)
	Chloride (mg/L)
	Arsenic (ug/L)
	Specific conductance (umho/cm)
	Flow (cfs)
	Estimated annual discharge (afa)

	10/19/72
	420/160
	220/84
	540/0.2
	2,100
	0.38
	280

	1/12/73
	440/180
	200/84
	600/0.3
	2,100
	0.43
	310

	9/26/73
	380/140
	200/76
	610/0.2
	2,000
	0.38
	280

	10/18/72
	780/120
	390/38
	710/0.1
	3,500


	0.15
	110


Table 19.  Water Quality Data for the Little Hot Creek Spring. ( Means of 1-5 samples per parameter, collected by USGS in 1983-84, reported in STORET database.)


	Parameter 
	Value

	Water temperature
	81.6 C

	Streamflow 
	0.08 cfs

	Conductance 
	2703 umho

	pH
	6.76

	Nitrate plus Nitrite, as N 
	0.10 mg/L

	Phosphorus as P
	0.01 mg/L

	Chloride 
	208 mg/L

	Sulfate 
	100 mg/L

	Total alkalinity, calcium carbonate 
	606 mg/L(range 662-576)

	Fluoride
	8.52 mg/L

	Barium 
	150 ug/L

	Beryllium 
	3.0 ug/L

	Cadmium 
	1.0 ug/L

	Copper 
	10 ug/L

	Iron 
	40 ug/L

	Molybdenum 
	10 ug/L

	Lead 
	10 ug/L

	Residue Dissolved (@180 C)  
	1226 mg/L

	Strontium 
	563 ug/L

	Vanadium 
	6 ug/l

	Lithium 
	2900 ug/l

	Mercury 
	0.525 ug/L

	Zinc 
	12 ug/L


Little Alkali Lake. Little Alkali Lake is one of a group of alkali lakes in the Long Valley Caldera northwest of Crowley Lake.  It was placed on the Section 303(d) list on the basis of arsenic data cited in the Mono Basin EIR (Jones & Stokes, 1993).  The Alkali Lakes receive inputs of arsenic and other elements from geothermal springs. Arsenic concentrations from seven springs in the Alkali Lakes area ranged from 350 to 680 ug/L with an average of 466 ug/L (USGS, 1976).

 The USGS (1976) stated that “The springs near Big and Little Alkali Lakes and Alkali Pond are similar in chemical composition to those in Hot Creek gorge except that they are cooler and have less than half the arsenic concentration.”  Evaporation and loss of arsenic by chemical precipitation was indicated by the chemical analysis of springs and runoff from Little Alkali Lake. Flow from the lakes was not constant during the USGS investigation. The combined discharge from the lakes did not exceed 2 cfs when sampled. Estimates based on available data indicated that the rate of discharge was only about 1 ton per year arsenic from the Alkali Lakes as a group.


DWR (1967) stated that the Alkali Lakes’ high TDS waters are concentrated by evaporation, and because of a high pH,  they contain significant concentrations of carbonate ions and little or no calcium or magnesium ions. DWR estimated for the category “Surface Flow From Alkali Lakes and Vicinity”, the following average concentrations and loads: arsenic 0.60 ppm and 3.3 tons per year;  fluoride 8.0 ppm and 43.5 tons per year; boron 11.20 ppm and 60.9 tons per year.  By comparing the ratios of different ions for different groups of waters in Long Valley Caldera, DWR concluded that arsenic is probably removed from the system by precipitation in the Alkali Lakes. The estimated average annual surface flow  from “Alkali Lakes and Vicinity” to Crowley Lake was 4,000 acre feet, based on data from 1942 through 1965.  This was 1.87 percent of the net outflow from Crowley Lake.  Flow from Little Alkali Lake was only a part of this total.

A later study  by the USGS (1976) reported that arsenic concentrations in the Alkali Lakes and pond ranged from 350-680 ug/L, and the annual loading to Crowley Lake from the group of lakes as a whole was 1.4 tons of arsenic.  The USGS report concluded that the input of arsenic to Crowley Lake is mostly from the Owens River and Hot Creek, and about 10 percent of the input is from “other sources” including runoff from the Alkali Lakes.  Tables 16, 20 and 21 include additional water quality data for Little Alkali Lake and vicinity.

As of the late 1980s, an unnamed springs tributary to Little Alkali Lake supported a population of the Owns speckled dace, a “species of concern”.   The Little Alkali Conservation Area in Long Valley has been proposed to protect the dace. It would include U.S. Bureau of Land Management and Los Angeles Department of Water and Power lands, the thermal spring, its outflow, wetland, and adjacent meadows upstream of Little Alkali Lake.  Recovery actions recommended include  protection against invasion by non-native species and impacts of overgrazing and groundwater pumping (USFWS, undated).  Wong et al. (1999) reported that populations of the Owens dace,  Rhinichthys osculus ssp.  are stable except for a population near Little Alkali Lake in Long Valley which has been invaded by mosquitofish.

Table 20. Water Quality Data for the Little Alkali Lake area. (The first two samples are from springs at Little Alkali Lake; the second two are for runoff from the lake.) Source: USGS, 1976

	Sampling Date and Location
	Sulfate 

(mg/L)
	Fluoride 

(mg/L)
	Specific Conductance (umho/cm)
	Arsenic 

(ug/L)
	Boron 

(ugL)

	7/26/73 (Springs)
	81
	5.4
	1940
	460
	8,800

	7/26/73 (Springs)
	73
	6.0
	1840
	490
	8,900

	10/19/72 (Runoff)
	130
	11
	3600
	520
	12,000

	9/27/73 (Runoff)
	130
	12
	3800
	680
	13,000


Table 21. Water Quality Data for Little Alkali Lake and Little Hot Creek (USGS, 1976)

(Range of samples collected in 1992-93)  All constituents are dissolved values.

	Parameter
	Little Alkali Lake
	Little Hot Creek

	Discharge, cfs
	0.3-0.8
	0.4

	Alkalinity (as calcium carbonate), mg/L
	820-1410
	620-630

	Sulfate, mg/L
	84-130
	100

	Chloride, mg/L
	210-380
	220

	Fluoride, mg/L
	6.5-11
	7.2-9.8

	Dissolved Solids, mg/L
	2010-2390
	1260-1350

	Hardness (as calcium carbonate), mg/L
	32-84
	54-58

	Specific Conductance, umho/cm
	2300-3800
	2000-2100

	pH, units
	8.3-9.1
	8.2-8.8

	Water Temperature, degrees C
	5.0-7.5
	52-57

	Arsenic, ug/L (filtered)
	270-680
	540-610

	Boron, ug/L (filtered)
	8600-13000
	6000-8100


KEOUGH HOT SPRINGS, INYO COUNTY
Keough Hot Springs is located on Los Angeles Department of Water and Power  property about 8 miles south of Bishop and west of Highway 395 (see Figure 5).  The headwaters have been developed as a resort with a  swimming pool;  the resort has recently been reopened. Water flows into a series of small pools and ditches, which are also used for public recreation.  The temperature of the main springs is 51 degrees C, and the flow rate 2000 liters per minute. The total dissolved solids concentration is 510 mg/L, which exceeds the drinking water secondary MCL  (Karl, 1999). Temperatures in the spring water cool gradually downgradient (Bischoff, 1997).
The California Department of Water Resources (1964) rated the water of Keough Hot Springs “inferior” for domestic and irrigation use due to high percent sodium and high fluoride concentration.  Ground water on the west side of the Owens ground water basin, south of Bishop, was said to have a fluoride concentration up to 9 parts per million, and a percent sodium value of 92.

DEEP SPRINGS LAKE, INYO COUNTY
Deep Springs Lake is located in its own internally drained hydrologic unit in northeastern Inyo County, bordered by the White and Inyo Mountains (Figure 5).  Deep Springs Lake, a moist, salt-encrusted playa, covers about 2 square miles in the southeast corner of the basin.  The groundwater basin is about 41 square miles and is underlain with Quaternary alluvium to a depth of at least 775 feet.  Groundwater is recharged by percolation of streamflow from the surrounding mountains; during the winter some water may pond on the lake, but it is usually dry.  Springs and artesian flows show that a pressure area exists around the lake (California Department of Water Resources, 1964).

Deep Springs Lake is one of the playas studied by Kubly and Cole (1979).  When sampled on May 4, 1978, it had a specific conductance of 86,000 umho/cm at 25 degrees C, a pH of 10.0, and a total phosphate (as phosphate) concentration of 30.803 mg/L.   On May 30, 1979, Deep Springs Lake had a specific conductance over 100,000 umho/cm, a pH of 9.8, and a total phosphate concentration of 95.300 mg/L.   In 1979, the sample was taken from “a viscous, mid-lake brine, overlying a deposit of salt sufficiently thick to be walked upon without breaking (ca. 4-5 mm)”.  Kubly and Cole collected brine shrimp (Artemia salina) and three types of flies from Deep Springs Lake.  The specific conductance values cited above greatly exceed the secondary drinking water MCL of 900 umho/cm, and the agricultural water quality goal of 700 umho/com (Table 3). The pH values exceed the Lahontan Basin Plan objective (and the USEPA saltwater aquatic life criterion) which is 6.5-8.5 units.

Table 22 below provides additional information to indicate that the salt concentration in the lake varies over time.  The units in this table (milliequivalents per liter) are dependent on the chemical valence of each constituent.  For sulfate, the concentrations in milligrams per liter are twice as high as the concentration in the table, and they exceed the secondary MCL drinking water standard in Table 3.  The sulfate concentrations in Table 22 were among the highest reported by Kubly and Cole for the southern California playa lakes they sampled. There are no site specific water quality objectives for the waters of the Deep Springs Hydrologic Unit.

Deep Springs Lake was prospected around 1920 for potassium and sodium salts but was not developed (California Department of Water Resources, 1964). Analyses cited by DWR showed that waters of the lake contained 84,200 mg/L of TDS. Water from three shallow holes sunk on the northeast shore of the lake contained a sodium chloride-sulfate brine that had about 200,000 mg/L of TDS.

The black toad, Bufo exsul, is native only to the Deep Springs Valley.  It is related to the western toad, B. boreas, and has been isolated from it for at least 12,000 years.  Reported habitat locations include the warm springs at Deep Springs Lake (Hall, 1991).  The black toad is a federal “species of concern” and a California threatened species (California Department of Fish and Game Natural Diversity Database, 1999).  The Natural Diversity Database also includes the Deep Springs snail, Fontelicella sp.,  apparently an endemic species which currently has no formal status on state and federal endangered species lists.

All of Deep Springs Valley, including the ground water basin, is owned by Deep Springs College, a small private junior college established in 1917 (DWR, 1964). The school also has grazing rights in the White/Inyo Mountains. Deep Springs College is a small (25 students) community college which runs a cattle ranch and alfalfa growing operation.  An entry on the “Deep Springs Resource Management Team Project” in the California Ecological Restoration Projects Inventory (University of California, Davis 1997) indicates that the collage is cooperating with state and federal agencies and the California Native Plant Society on a project to “maintain a sustainable livestock operation and to preserve the ecology of the watershed with enhanced biodiversity and plant and wildlife habitat”. Goals are to be achieved “by using principles of holistic resource management, guided by monitoring studies. The program includes monitoring of old and new grazing exclosures, annual fixed point photos, and monitoring of stream channel cross sections at five year intervals. It also includes willow planting and grazing management.  Target taxonomic groups include the willow flycatcher and sage grouse as well as the black toad.

In conclusion, Deep Springs Lake has naturally high TDS levels, specific conductance, and sulfate levels which exceed the thresholds in the Sources of Drinking Water Policy, and drinking water criteria.  Surface water on the lakebed is ephemeral and has no historic (since 1975) municipal supply use.  Given the small population and limited land use in the watershed, and the availability of better ground water and stream water supplies, it is unlikely that there will be a demand to treat the lake water and use it for municipal supply in the future. Removal of the potential MUN beneficial use from the lake is justified and should not have any significant impacts on future domestic supplies.  The potential MUN use designation will continue to apply to  other surface waters (including wetlands near the lake) and to ground waters within the Deep Springs watershed.  The lake supports and should continue to support saline aquatic habitat and wildlife uses appropriate to a natural playa lake in the Lahontan Region. 

Table 22. Major ion concentrations for Deep Springs Lake. Concentrations are milliequivalents per liter.  Alkalinity is expressed as bicarbonate-carbonate. Source: Kubly and Cole (1979). 

	Date Sampled
	Ca
	Mg
	Na
	K
	Alkalinity
	SO4
	Cl
	Sum

	1/24/78
	0.032
	0.288
	865.650
	66.508
	79.880
	676.650
	222.893
	1,011.901

	5/4/78
	1.432
	1.600
	1,444.200
	109.994
	166.900
	916.080
	614.055
	3,254.261

	5/20/79 
	ND
	BD
	6,090.000
	729.030
	1,414.000
	1,603.140
	3,821.100
	13,657.270


AMARGOSA RIVER, INYO AND SAN BERNARDINO COUNTIES

The Amargosa River (Figure 2)  has its headwaters in Oasis Valley north of Beatty, NV, drains south through Amargosa Valley, then turns to the northwest into Death Valley, California, where it terminates in the Badwater or Death Valley Lake playa, a remnant of prehistoric Lake Manly.  Surface flow in the river generally occurs only intense storms, and in a few short reaches where springs discharge into the river channel or where ground water surfaces (U.S. Bureau of Reclamation, 1975).  The river drains about 13,700 square kilometers of desert land.  Surface flows occur in three short stretches- the headwaters,  the Shoshone -Tecopa area and the Amargosa Canyon, and in the southern end of Death Valley west of Saratoga Springs (Soltz and Naiman, 1978). Table 23 summarizes flows for the river at Tecopa.  Table 26 reports flows and water depths measured during a study of pupfish habitat in Death Valley (Sada et al., 1997).

Table 23. Discharge data for the Amargosa River at Tecopa, California (USGS, 1970)

	Water Year
	Discharge (Acre-Feet)

	1962
	752

	1963
	1840

	1964
	571

	1965
	748


The California Department of Water Resources (1964) concluded that the mineral content increases in waters obtained along the Amargosa River from north to south.. Evaporation of shallow ground water leads to accumulation of salts in ground water and near-surface sediments; these salts may be transported further down the river channel by flood waters. Minerals also come from areas containing salt and gypsum bedrock.  Lake beds in the vicinity of Tecopa contain layers of  salt which runoff water or percolating groundwater may dissolve.
Table 24 compares the water quality of the Amargosa River near the community of Shoshone with that of a tributary spring which supplies domestic water for about 150 people in that community. In 1997, the Regional Board approved permits (waste discharge requirements and an NPDES permit) for a reverse osmosis treatment plant for the spring water, which allowed the waste brine from the treatment system to be discharged into a ditch tributary to the river. The permits state that the background concentrations of TDS in the Amargosa River have historically exceeded the state of California secondary Maximum Contaminant Level of 500 mg/L for consumer acceptance, and the state upper and short term maximum contaminant levels of 1,000 mg/L and 1500 mg/L, respectively for consumer acceptance. Under natural, ambient conditions, the river near Shoshone also exceeds the USEPA MCL of 0.050 mg/L for arsenic in drinking water.  The background concentration of arsenic in the river based on three sampling events ranged from 0.08 to 0.286 mg/L with an average of 0.15 mg/L.  This exceeds the aquatic freshwater life chronic toxicity criterion (California Water Quality Goal) of 0.19 mg/L.

The permit states:

“The flow in the Amargosa River prior to the confluence with the spring drainage is approximately 240,000 gpd with an average arsenic concentration of 0.15 mg/l and TDS concentration of 2,000 mg/l.  The source of water in the Amargosa River is from other springs and runoff.  Limited information indicates that water quantity and water quality fluctuations in the Amargosa River and Shoshone Spring are related such that flows and constituent concentrations vary synchronously.”  

Surface flow of the river normally ceases within about one quarter mile of its confluence with the Shoshone spring flow.  When permitting the treatment facility, the Board made findings under the nondegradation policy (State Water Resources Control Board 68-16) to allow a “minor” increase in arsenic concentration in the ditch tributary to the Amargosa River (from an average concentration of 0.07 to 0.075 mg/L and from a maximum concentration of 0.11 to 0.12 mg/L),   It was noted that the increase in arsenic concentration would not change the natural overall arsenic load to the ditch and the river.

The terminus of the Amargosa River, Death Valley Lake, is an elongate, moist, salt encrusted playa lake, about 40 miles long with an area of about 176 square miles. It is the  largest playa in the Lahontan Region and forms an extensive salt flat (California Department of Water Resources, 1964).  The DWR noted that:

“The infrequent surface runoff from  the southern end of Death Valley is conveyed northward to Badwater by the Amargosa River.  Even through the surface flow in this portion of the river is sporadic, there appears to be almost continuous subsurface flow in the sediments underlying its course.”

Table 24. Water quality data for Shoshone Spring and Amargosa River at Shoshone 

(CRWQCB, Lahontan Region, 1997)

	Constituent
	Spring Source
	Amargosa River

	Arsenic 
	59.8 ug/L
	286 ug/L

	Chloride
	210 mg/L
	257 mg/L

	Copper
	0 mg/L
	0.5 mg/L

	Fluoride
	1.88 mg/L
	2.7 mg/L

	Iron
	0.28 mg/L
	<0.2 mg/L

	Magnesium
	23.3 mg/L
	24.0 mg/L

	Manganese
	0 mg/L
	<0.05 mg/L

	Nitrogen
	<0.5 mg/L
	1.1 mg/L

	Sodium 
	272 mg/L
	463 mg/L

	Sulfate
	228 mg/L
	577 mg/L

	Zinc
	0.01 g/L
	<1.0 mg/L

	Total Dissolved Solids
	950 mg/L
	1856 mg/L


The DWR classified the surface flow of the Amargosa River in Death Valley as “inferior” for drinking water due to high percent sodium  and high levels of TDS, specific conductance, fluoride, boron, sulfate, and chloride, and classified the surface flow on “Bad Water lake” as inferior for the same reasons.

Water supplies for wildlife in Death Valley come from springs and seeps in the mountains above the river. Domestic water supplies are all from groundwater, which either originates locally from precipitation or moves into the valley as underflow from basins on the north and east (USGS, 1977).  Groundwater is considered “generally of usable quality, except the water obtained along the Amargosa River and the east side of the valley salt pan” (U.S. National Park Service, 1981).

The U.S. Geological Survey (1977) stated that:

 “Floods on the Amargosa River periodically have filled many square miles of the saltpan to depths of a foot or more during the past few decades.  The quality of surface water during local storm runoff into the valley is highly variable, depending in large part on the solubility of surface material over which flow occurs.  Most of the stormflow in the Amargosa River originates outside Death Valley and contains 5,000 to 30,000 mg/L dissolved solids.”
Table 26 summarizes later data on salinity, conductivity, and temperature from samples of four reaches of the Amargosa River in Death Valley (Sada et al., 1997).  

Ecologically, the Amargosa River watershed is a very important place. The river and the associated wetlands support a unique assemblage of rare and sensitive plant and animal species including more than 100 species of birds, 40 species of reptiles and amphibians and 20 species of mammals (Soltz and Naiman, 1978).  Ash Meadows, in Nevada, is a National Wildlife Refuge, and was designated in 1986 as a wetland of international significance, “an area exhibiting the greatest biological endemism in the USA.” (“Endemic” species are those native to, and restricted to, a specific geographical area.)  Ash Meadows has four endemic fish, six threatened or endangered plants, an endangered aquatic invertebrate and other endemic molluscs, and one endemic mammal).  The species of Ash Meadows have been endangered by groundwater withdrawals, agricultural conversions, alteration of springs for irrigation, exotic animals (horses and burros), peat and clay mining, and offroad vehicle use (RAMSAR, 1993). 

Downstream areas also support a variety of endemic animal species. The Amargosa Canyon in California  and part of the Tecopa Lake Basin are U.S. Bureau of Land Management “Areas of Critical Environmental Concern” (USFWS, 1988). The Amargosa pupfish Cyprinodon nevadensis, has six subspecies living in isolated springs, marshes and stream courses along the Amargosa River drainage. The Amargosa River pupfish, C. nevadensis amargosae has two populations in permanent flows of the river, one occurring from Tecopa through the Amargosa Canyon, and the other in the short permanent flow, about  1.6 km  long in Death Valley northwest of Saratoga Springs.  The two flows may connect during occasional periods of heavy precipitation. Soltz and Naiman, 1978   The Amargosa pupfish is adapted to severe environmental stress including temperatures from near-freezing in winter to over 40 degrees C in summer; summer drying, which exposes fish exposure to predation by birds, and flash floods which scour the habitat.  The pupfish can react to these stresses through rapid population increase, from a few tens of thousands to millions by early summer (Soltz and Naiman, 1978).

The Shoshone pupfish, C. nevadensis shoshone, was considered probably extinct until it was rediscovered in 1986 in spring outflow to the Amargosa River and throughout the “permanent” water segment of the river near Shoshone (Taylor et al., 1988).  More recent genetic studies have cast doubt on whether the “rediscovered” fish is really the “extinct” species (Miller et al., 1999).

In addition to the pupfish, the Amargosa River in California supports other sensitive species. The Amargosa Canyon Speckled Dace (Rhinichthys osculus ssp.)  a state species of special concern and federal candidate 2 species (Soltz and Naiman, 1978).  The Amargosa vole (Microtus californicus scirpensis) is a state and federally listed endangered species which depends on disjunct pockets of wetland vegetation between Shoshone and the Amargosa Canyon. Reasons for listing included loss of the vole’s historic habitat, rechannelization of water sources needed to perpetuate habitat, and groundwater pumping. Other historic and current threats to the vole and its habitat include conversion of wetlands for farming, intermittent flooding, and the introduction of exotic plant and animal species.  Proposed actions for the recovery of the species include securing and protecting extant wetland habitats and water sources and managing them to maintain viable vole populations and to control exotic and competitive species and incompatible uses (U.S. Fish and Wildlife Service, 1988).

Human users in the Amargosa River watershed include a small permanent population, and a relatively large tourist population.  The U.S. National Park Service (1998) reported visitation in Death Valley National Park in 1997 as 1,222,762.  Water for agriculture (historically alfalfa, dates and orchard crops, cotton, pasture, and cattle ranching) comes from ground water and springs rather than the river The estimated annual water use for domestic supply and agriculture was 1000 acre-feet (California DWR, 1964; U.S. Bureau of Reclamation, 1975).

Wong et al. (1999) reported that native fish populations in Death Valley National Park and the Amargosa River are stable, but that a proposed 30,000 person resort community in the Nevada portion of the watershed could affect flows in Death Valley, Devils Hole, and the Amargosa River. Death Valley National Park has initiated studies to quantify water movement into Death Valley from the upgradient aquifer, including installation of monitoring wells in the Amargosa River.
In conclusion, Regional Board staff are unaware of any direct municipal supply use of the Amargosa River in California since 1975.  It is unlikely to be in demand for municipal use in the future, since its flows are so variable, and since it has high concentrations of arsenic and born in  addition to high total dissolved solids.  The lower perennial reaches of the river are protected by the U.S. National Park Service and the U.S Bureau of Land Management for their unique ecological values.  These values would probably preclude future significant surface water diversions from the river, even if treatment were otherwise feasible.

Table 25.  Water Quality Data for Amargosa River at Highway 127 (discharge 0.6 cfs), Sample Date 3-21-67 (Source: USGS, 1977)

	CONSTITUENT
	CONCENTRATION OR VALUE

	Temperature 
	14.5 oC.

	Silica (SiO2)
	22 mg/L

	Iron (Fe)


	120 ug/L

	Calcium (Ca)
	22 mg/L

	Magnesium (Mg) 
	56 mg/L

	Sodium (Na)
	1,070 mg/L

	Potassium (K)
	49 mg/L

	Bicarbonate (HCO3)
	910 mg/L

	Carbonate (CO3)
	96 mg/L

	Sulfate (SO4)
	1,010 mg/L

	Chloride (Cl)
	500 mg/L

	Fluoride (F)
	5.3 mg/L

	Nitrate (NO3)
	1.3 mg/L

	Dissolved Solids
	3, 290 mg/L

	Hardness as calcium carbonate (Ca, Mg)
	285 mg/L

	Percent sodium
	87

	Boron
	11,000  ug/L

	Specific conductance
	4, 870   umho/cm

	pH
	8.6


Table 26.  Water Quality data for Lower Amargosa River  (Sada et al., 1997.   Data are means except for temperature, which is either a range or single value.)

	Station and Season
	Water Depth (cm)


	Water Column

Velocity (cm/sec)


	Water Temperature (degrees C)
	Salinity (parts per thousand)

(1ppt =1,000 mg/L)
	Conductivity 

(umhos)

	Reach 1 

Spring 1994

Autumn 1994

Winter 1995

Spring 1995

Summer 1995

Autumn 1995
	3.6

6.0

11.3

5.5

4.9

6.1
	1.3

0.0

14.3

1.6

0.2

0.2


	17.0-24.5

11.0-12.0

17.5-20.0

27.0-31.0

39.0

19.0-22.0
	13.3

11.0

3.3

14.1

11.0

10.0


	20,000

13,667

5,083

24,000

23,000

15,000

	Reach 2

 Spring 1994

Autumn 1994

Winter 1995

Spring 1995

Summer 1995

Autumn 1995
	5.6

12.4

7.8

5.7

3.9

5.8


	0.1

0.0

0.0

0.0

0.0

0.0
	27.0-32.0

11.0-14.0

12.0-17.0

33.0-34.0

45.0

22.0-25.0
	6.0

12.7

9.0

9.0

8.0

9.0
	11,833

15,833

11,740

17,000

18,000

10,900



	Reach 3

Spring 1994

Autumn 1994

Winter 1995

Spring 1995

Summer 1995

Autumn 1995
	6.3

9.3

17.1

10.9

9.7

13.4
	0.4

0.0

11.4

0.3

0.0

0.0
	25.0-27.0

16.-17.5

15.0-19.0

18.5-23.5

26.0-32.0

20.0-21.0
	17.3

11.5

4.0

15.7

9.0

7.0
	28,571

16,375

5,800

22,333

14,933

11,500

	Reach 4

Spring 1994

Autumn 1994

Winter 1995

Spring 1995

Summer 1995

Autumn 1995


	44.3

48.3

51.4

35.5

30.4

34.7
	0.0

0.0

0.0

0.0

0.0

0.0
	19.0-26.0

17.0-17.5

17.0-18.0

17.0-18.0

29.0

21.0-22.0
	6.6

7.8

7.0

7.0

7.0

13.0
	11,125

11,000

7,600

10,000

9,500

20,000


CONCLUSIONS AND RECOMMENDATIONS

The general and site-specific literature summarized above indicates that the sources and loads of salts and toxic trace elements in the nine water bodies affected by the proposed Basin Plan amendments are entirely natural.  Sources are volcanic and geothermal, and the concentration of minerals over geologic time through evaporation in internally drained basins.  Amendment of the Lahontan Basin Plan to remove the potential Municipal and Domestic Supply (MUN) beneficial use from all nine waters is justified because: 1) each water body has TDS levels or levels of toxic trace elements which meet Sources of Drinking Water Policy criteria for exclusion from the MUN use; 2) each water body exceeds at least one drinking water standard or criterion; 3) potential water supplies from each are small and in some cases, ephemeral; and 4) these waters are unlikely to be in demand as municipal sources even if treatment proves feasible.  

Some of the waters in question exceed water quality criteria for other beneficial uses such as aquatic life and agriculture. Because of the special adaptations of organisms native to inland saline and geothermal waters, these waters are presumed to have “biological integrity” based on their unique natural physical and chemical characteristics, and to support aquatic life uses.  Some of the designated uses for these waters result from the “tributary rule” or from categorical designations such as “minor surface waters”, and are not really appropriate uses for saline or geothermal waters.   When adequate resources and site- specific information about these water bodies become available, the Regional Board should consider changing these use designations as appropriate to reflect actual conditions.  
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