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50-Year DYRESM Simulations of Mono Lake with Different water 

Management Scenarios 

IN'l'RODUCTION 

OYRESM, a one-dimensional (1-0) vertical mixing model, 

was used to simulate the effect of various water management 

policies on Mono Lake. The Los Angeles Aqueduct Model 

(LAAMP) determined fifty years sequences of monthly 

discharges into Mono Lake and monthly lake elevations under 

different management scenarios. These data and an annual 

meteorologic data set were used to determine the effect of 

different management scenarios on the seasonal 

stratification of Mono Lake. End of month temperature, 

conductivity, and density profiles and daily and monthly 

mixed layer and 35 m depth water properties were prepared 

for purposes of the Mono Lake EIR analysis (Figure 1). 

HODEL 

OYRESM is a 1-0 vertical mixing model which has been 

used in a variety of applications,' i.e. reservoirs (Imberger 

and Patterson,1981), freshwater lakes (Patterson et 

al,1984) , lakes with winter ice cover (Patterson et 

al,1988) , and salt ponds (Schladow,1983). We applied OYRESM 

to Mono Lake during a monomictic year (Jellison et al, 1991) 

and made several changes to the model for this application. 
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Conservation of the mass of water and salt were 

explicitly added. For freshwater applications, conservation 

of volume is nearly equivalent to conservation of mass 

because 1 liter of water is nearly equal to 1 kg of water. 

For saline waters this approximation is inappropriate 

(Steinhorn, 1991). For example, 1 liter of Mono Lake water 

is approximately 1.08 kg. Mass conservation of salt is 

generally not important in freshwater systems as salt 

concentrations are very low. For saline waters it is 

necessary to have a fixed salt budget. For 50 year 

simulations this improvement is necessary so the initial and 

final total lake salinity are equivalent. In this analysis 

conductivity at 25°C is used as a measure of salinity. 

stream discharge is an input to 9YRESM, and the lake 

elevation is calculated. If the calculated lake elevation 

is lower than the elevation provided by LAAMP, the amount of 

water required to raise the lake level to the LAAMP value is 

added to the top layer. This amount of water is termed 

'unqauqed stream discharqe and groundwater' in this 

analysis. Since Mono Lake is hypersaline, inputs of 

groundwater and unqauged surface flow are dilute relative to 

the lake water, and the assumption that all this water 

enters the top layer is justified. 
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KODEI. INPUTS 

Bathymetry 

The depth-vGlume and depth-area data used are from the 

Pelagos (1987) survey. 

Keno Lake Speci~ic properties 

The latent heat of evaporaticm, .the specific heat, and 

density equation for Mono Lake are dis.cussed in Jellison et 

al (1991). Table 1 is a summary of these properties. 

Keteoroloqy 

Daily averaqe va~ues of vapor pressure (mllar), wind 

speed (m s-l) and temperature (Oe), and daily totals of 

shortwave radiation (KJ) and cloud cover (%) are inputs to 

the model. A consistent data set from Oct. 1, 1989 to sept. 

30, .199Qhas been compi~ed from Paoha Island, Cain Ranch, 

and ,SNARL meteol;"ology stations. The same year of 

meteorology was used fo·r each year in the simulations. Each 

50 year simUlation uses the annual meteoroloqica~ data set 

50 times. Figure 2 shows the meteorological inputs. 

These meteorological data are the best data available 

to date. Analysis of different stream release management 

scenarios and year to year differences within a simulation 

are more readily identified since every year has the same 

meteorological conditions. Differences among years from a 

simulation and among management scenarios will be the result 

of different hydrologic conditions. 
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Hydrology 

Daily averages of stream temperature and stream 

salinity are inputs. Daily average stream temperature was 

measured for Convict Creek at SNARL and used in this 

simulation. Stream salinity was set to zero as Sierra 

runoff contributes a negligible amount of salinity to Mono 

Lake on a time scale of decades. 

Monthly values of lake elevation and stream discharge 

from LAAMP were interpolated to daily values. precipitation 

onto the surface of the lake was divided into an average for 

the month. Daily gauged stream discharges (Figures 3 to 5) 

and observed lake elevations (Figures 6 to 8) from 1983 to 

1990 were hydrological inputs to the validation simulations. 

HODEL VALIDA~XON 

The simUlations performed below used the observed lake 

elevations to determine the amount of additional ungauged 

surface runoff or groundwater to add to match the simulated 

elevation with the observed elevation. Calibration of a 

Mono Lake specific evaporation coefficient was done with the 

1990 simUlation. 
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1990 Simulation 

A simulation with the above meteorological data yields 

excellent agreement in thermal structure (Figure 9) and 

conductivity (Figure 10) with measured profiles. Jellison 

et al (1991) comments on the discrepancy between simulated 

and observed hypolimnetic temperatures. This difference is 

acceptable for the seasonal time scale to be performed here. 

An estimate of the bulk evaporation coefficient used to 

calculate the evaporative heat flux was done for Mono Lake. 

Energy budget stUdies are useful in estimating evaporation 

rates from inland water bodies (Stauffer, 1991). The energy 

budget method is normally the standard against which other 

evaporation estimates are compared, because the local water 

budget is usually too uncertain to provide an absolut~ 

standard (Winter, 1981). Since data for a complete energy 

budget study is lacking at Mono Lake, we arrived at an 

estimate by varying the bulk evaporation coefficient. The 

best match between the modeled and measured surface 

temperatures was the criteria for choosing the coefficient. 

Simulations with 20% and 40% increases and decreases in 

the original DYRESM value of the bulk coeff icient were 

performed. A value of 3.12 (20% decrease) matches best with 

the observed surface temperature values (Figures 12 and 13) 

which is equivalent to an annual evaporation of 48 to 50 

inches (Table 2) fo?=, the simUlation of 1983 to 1989. This 

value lies between the low estimate of 39 inches (no 

groundwater) and a high estimate of 57 inches (bulk 
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evaporation coefficient equal to 3.9). The total monthly 

percentage of the yearly evaporation total matches well 

between LAAMP and DYRESM (Table 3). 

Evaporation is a function of the vapor pressure 

gradient between the vapor pressure in the atmosphere and 

the saturation vapor pressure at the air-water interface and 

the wind speed. The saturation vapor pressure at the 

surface of the lake is a function of the surface water 

. temperature. 

The relative change in the average monthly surface 

temperature during the 1990 simulation is greater during the 

cooler months (Figure 14). The changes in the saturation 

vapor pressure are greater during the warmer months (Figure 

15) than the cooler months. Since vapor pressure is a 

nonlinear function of temperature, an incremental increase 

in surface temperature at low temperatures is small whereas 

at high temperatures it is much larger. Small changes in 

the surface temperature during the summer months can have a 

large effect on the saturation vapor pressure and thus the 

amount of evaporation. 

Greater relative increases in evaporative mass flux 

results from increasing the bulk coefficient during cooler 

months than in warmer months (Figure 16). Approximately 20% 

less water is evaporated with a 20% decrease in the 

suggested DYRESM .~vaporation bulk coefficient. Figures 9 to 

11 used the Mono Lake specific evaporation bulk coefficient. 
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An improved estimate of the annual evaporation wouJ,d 

result with daily a,veraqee surface. temperatures from a 

surface probe rather tbam the few values fromsamplinq: days 

used in the present estimate. An even more reliable 

estimate of evaporatioll would resul.t from a complete enel;'gy 

budqet .. 

S·imul.ation of the meromictic episode o.f the ~9·ae' s was 

performed to· determine if DYRESM cap.tured the essential 

features.. A re)peatinfg annual mete.orology with the same data 

set described. above was used in these simulations. EXact 

a~eement betw~en 9DServed and simulated profiles is not to 

be ~ected since' tll& m.eteoro.loqical inputs for the 

simulation differed from the actual meteorological forcing 

on the lake. 

D:urinq.1~83 the lake developed a chemacline as a result 

of runoff. from a. deep Si~an snow p.ack. Thesimul.ated 

temperature profiles matched well with observed profiles 

(Figwre 11). 

In 1984 there were large deviation.s in the upper 15 m 

between the observed and simulated profiles (Fiqure 18'). On 

day 84066 (the 66th day 1984) the simulation of the larqe 

temperature inversion was caused by a secondary chemocline 

at 5 m above the main chemocline at 15 m. Durinq the winter 

the water·column·abQve the main chemocline cooled· below the 

temperature of .the hypolilJl!lion. The chemical stratification 
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at 15 m prevented mixing of water above 15 m with the 

hypolimnetic water. The hypolimnion was effectively 

insulated from the surface energy inputs. As a result, 

during the winter cooling period the water cooled to a lower 

temperature than the hypolimnion. 

During late winter to early spring a secondary 

chemocline developed at 5 m. A net flux of heat into the 

lake at this time caused warming of the upper 5 m, but there 

was insufficient energy to mix through the secondary 

chemocline until 84171. This resulted in a cold stratum of 

water between two warmer stratums (the'hypolimnion and the 

mixed layer). As the simulation progresses through 1984, 

the simulated secondary chemocline is mixed. By the end of 

1984, the simula~ion once again matches well with the 

observed profiles. 

The same mechanism described above occurs for the years 

1985 to 1989 (Figures 19 to 23). For the simulated years 

1985 to 1989, the simulated mixed layer was shallower by 

several meters on average than observed mixed layer depths. 

By 1990, a monomictic year (Figure 24), the simulation 

matched satisfactorily with observed profiles. Since 1990 

meteorology data is used for the entire simulation a good 

match was anticipated for this year. 

The observed breakdown in meromixis occurred in 

November, 1988, w~ereas the simulated breakdown in meromixis 

occ::urred February, 1990. The 1'5 month discrepancy in 

prediction of the termination of meromixis may be due to the 
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assumption that all groundwater goes into the upper 1 m of 

the lake. This may be erroneous especially during years 

with high Sierran runoff. The stability of the top layer in 

the simulation may be artificially high as a result. During 

periods with a significant amount of inflow, the duration of 

meromictic periods is likely to be overpredicted. 

The simulation of meromixis shows that the DYRESM 

predicts long-term chemical stratification adequately. 

How~ver, interpretation of simulated meromictic episodes 

must be performed with care. The hYc:lr0logy appears to drive 

merpmixis and seems to be more important than meteorology 

when modeling meromictic events. 

Jlo4.~ output for Em Assessment 

Daily average ~ixed layer depth, temperature, 

conduct,i.vi ty and density I and daily temperature I 

conductivity and density at 35 m,and end of month protiles 

were obtain.ed as outP,ut. 

The algorithm to determine the mixed layer depth 

estimated the depth adequately for the meromictic validation 

simulation (Figures 25 to 28). The observed mixed layer 

depths were estimated from observed profiles. The mixed 

layer depth estimates for 1983, 1984, 1987 and 1988 are 

several meters too low; 1985, 1986 and 1990 are estimated 

accurately. Since 1989 was incorrectly simulated as a 

meromictic year it is not considered. 
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Daily average mixed layer properties were converted to 

monthly averages for use in the EIR assessment. The monthly 

averages of the mixed layer and 35 m properties were 

calculated from the daily averages. 

The conversion of the daily values to monthly values 

smooths plots of mixed layer properties. The monthly 

averaged mixed layer properties (Figures 29 to 30) match 

well with the daily values. The 1984 monthly averaged mixed 

layer depth of 13 m agrees well with the daily estimate 

(Figure 25). A gradual increase in the monthly averaged 

mixed·layer depth through the meromictic period to 1988 is 

accurate. The 1990 turnover is readily identifiable in the 

monthly average mixed layer plot. 

The monthly plots are used to determine if the lake was 

meromictic in the 50 year simulations. The monthly 

temperature plot (Figure 29) of the mixed layer and at 35 m 

clearly shows that the lake was meromictic since the 

temperature was 3°e throughout the simUlation until the 

simuJ.ated turnover during February of 1990 in which the 

temperature noticeably changed indicating the water column 

mixed to 35 m. The conductivity and density plot also 

indicate the same conclusion in the same manner. 
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50-YEAR SltHtJl.ATXORS 01' li)XJTlmDIT IlA!mGJ:MDl'r ALTERNATIVES 

Constant Hydrologic Inputs 

Mill Creek ana· Deena-lltbean Creek are gauged creeks which 

are not part of the Los Angeles Aqueduct system (Figure 31.). 

The discharges from these creeks were added to LAAMP stream 

scenario discharq.es from Walker, Parker, Lee Vining, and 

Rush cr'eeJ(s. 

The 50-year record of Cain Ranch precipitation u.sed in 

the simulat:ion:s is snown· in figUre 32. 

I'OS'DI o,~ ADalysia 

The 6372 ft, 6377 ft, 6383 ft, 6390 ft, and Point of 

Referenc:a (POR-) alternatives were simulated and evaluated. 

EmplIasis is. p,lac'ed on ti,mj"ng: .and duration of meromictic 

evan:1:S; cOlIIDlents about the mixing: dynamics. are- added when 

important. Figures of yecm:lytotals o,f groundwater 

estimates from LAAMP. aDd· DYRESX £8 provided and the models 

agr:ee we11. 

'rhe mixed layer plots are sometimes in ertor. The 

mixed layer deterllUnation algorithm did not record weakly 

stratifi·ed meromictic evants during the winter (a dens·ity 

stratif±cati·on less than 1 kg m-3). In such cases, a year 

was classi·fied as meromictic if the conductivity, 

temperature,. and. density at 35 m did not change during the 

year. This indica~s that no vertical mixing. reached 35- m 

and therefore the year was meromictic. If still unsure of 

11. 



the meromictic status of a year, daily information was 

consulted. 

Only meromictic events with at least a 3 year duration 

or a large density stratification (ca. > 5 kg m-3 ) are 

reported here. 

6372 Ft A~ternative 

This is the lowest management target elevation 

evaluated and the most susceptible to meromictic events. 

The greater likelihood of meromixis occurring at this 

elevation is due to highest salinity relative to the other 

alternatives and smallest surface area. Hence a given 

amount of discharge will result in a thicker freshwater 

layer. Based on the LAAMP lake elevation inputs (Figure 33) 

meromictic events are likely to occur during 1952 (~.75 ft 

rise), 1956 (2.25 ft rise), 1967 (~ft rise), 1969 (1.5 ft 

rise), and 1983 (~.S ft rise). stream discharges from LAAMP 

are given in Figure 34. 

A 4 year meromictic period was simulated during 1956 to 

~959 (Figures 35 and 36). A 14 year meromictic period was 

simulated during 1962 to 1975, though the simulation 

predicted weak stratification during the winters of 1963, 

1965 and 1976. This suggests that the 14 year meromictic 

episode would likely be discontinuous. At least a 12 year 

meromictic period,.was simulated during 1978 to 1990. 

As the lake level dropped near the target elevation 

(1956 - 6372.5 ft, 1962 - 6372.2 ft, 1978 - 6372.5 ft) long-
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term meromixis occurred. Small stream discharges in 

conjunction with ungauged surface discharges and groundwater 

(Figure 40) were sufficient to cause meromictic episodes of 

long duration. 

6377 Pt Alternative • 

Based on the LAAMP lake elevation inputs (Figure 41) 

meromictic events are likely to occur during 1941 (2.25 ft 

rise), 1956 (2.25 ft rise), 1962 (2 ft rise), 1967 (2.25 ft 

rise) 1969 (2.5 ft rise), 1978 (2.5 ft rise) and 1983 (2.25 

ft rise). Stream discharges from LAAMP are given in Figure 

42. 

Figure 47 from the temperature, conductivity and 

density plots at 35 m depth shows a 5 year meromictic 

episode from 1983 to 1986. Th~ lake elevation rose steadily 

from 1982 to 1984 and again in 1986 so it seems the 

meromixis was induced and persisted from hydrological 

forcing. The density gradient between the mixed layer and 

the 35 m was significantly less than those identified in the 

6372 ft alternative. 

A 4 ft difference between 6377 ft and 6372 ft target 

elevations had pronounced effects on the occurrence of 

meromixis. The 6377 ft target elevation simulation resulted 

in a lower frequency an4 du,ration qf meromictic event~ than 

the 6372 ft alternative. The increased surface area and 
""" 

reduced salinity are hypothesized to be the major influences 

in the diminished meromictic behavior of the 6377 ft 
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alternative. Analysis of target elevations between 6372 and 

6377 ft is recommended. 

6383 Ft Alternative 

Based on the LAAMP lake elevation inputs (Figure 49) 

meromictic even~s are likely to occur during 1941 to 1944 

(5.5 ft rise in 3 years), 1952 (2.75 ft rise), 1956 (2.75 ft 

rise), 1962 (2 ft rise), 1963 (2 ft rise), 1967 (2.75 ft 

rise), 1969 (2.75 ft rise), 1978 (2.75 ft rise), and 1982 to 

1983 (3.5 ft rise in two years). stream discharges from 

LAAMP are given in Figure 50. 

Figure 51 indicates that meromixis occurs during the 

entire decade of the 1940s. The mixed layer algorithm is 

accurate from the net heating period in 1942 to the end of 

the decade. Approximately a 20 m mixed layer occurs during 

the bulk of this meromictic period. The long duration of 

the simulated meromictic period is a result of increasing 

the lake elevation too quickly. simulations with a 

management scenario where the target elevation is reached 

during a longer transition is recommended. 

Figure 52 shows that this meromictic episode continues 

through the 1950s. The average mixed layer depth is 

approximately 30 m through this period. Mixing to 35 m 

occurred during late 1954 and early 1956 suggesting that the 

predicted duratio~ of meromixis would be discontinuous. 

Once again a different management scenario with reduced 

stream inputs in 1952 and 1956 and slight increases in the 
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stream releases during other years probably will redu,ce the 

meromictic beh~vior of the l.ake", 

Figures 54 and 55 show one long meromictic event 

occurring during 1978 to 1985. The density gradient. during 

the winter periods of each year. (2 kg m-J ) is not large and 

in early 1983 a mixing event to 35 m oc'Curred which suggests 

that the duration of an. actual meromictic event. wo.uld be of 

shorter duration than simulated .. 

6390 Pt A~ tarna.ti va 

Based on the LAAMP lake elevatio'n inputs (Figure 57) 

meromictic events are likely to occur during 1941 to 1946 

(8.5 ft rise in 5 years), 1952 (2.75 ft rise), 1956 (2.5 ft 

rise), 1958 (2 ft rise)" 1962 to 1963 (4 ft rise in 2 

years)" 1965 (2 ft rise), 1967 (2.75 ft rise), 1969 (3.25 ft 

rise), 1969 (3.25 ft rise)., 1978 (2.75 ft rise) and 1982 to 

1983 (3.5 ft rise in 2 years). stream discharges from LAAMP 

are given in Figure 58. 

Figure 59 indicates that meromixis occurs, during the 

entire decade of the 1940s. The density between the mixed 

layer and 35 m depth is strong (ca. > 5 kg m-3). The mixed 

layer algorithm is accurate from the net heating period in 

1942 to the end of the decade. Approximately a 15 to 25m 

mixed layer occurs during the majority of this meromictic 

period. The long duration of the simulated meromictic 
'''' 

period is a result of increasing the lake elevation too 

quickly as with the 6377 ft alternative. Simulations with a 
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management scenario where the target elevation is reached 

during a longer transition is recommended. 

Figure 60 shows that this meromictic episode continues 

until 1954. Early 1952 saw sUbstantial deepening which 

affected the 35 m depth water properties significantly. The 

average mixed layer depth is approximately 35 m through this 

period. Once again a different management scenario with 

reduced stream inputs in 1952 and slight increases in the 

stream releases during other years probably will reduce the 

meromictic behavior during this period. 

Figure 61 shows a weak one year meromictic event during 

1967-68. Even with a 3 ft increase in lake elevation, the 

mixed layer conductivity (73 to 78 mS cm-1 ) is sufficiently 

low to reduce the meromictic influence of the freshwater 

inflows relative to the other target elevation alternatives. 

Figures 62 and 63 show that negligible meromictic behavior 

occurs once the target elevation has been reached. 

Point of Reference (POR) Alternative 

This simulation is not a target elevation alternative. 

This is the 50-year historical record of stream release. 

The highest salinities (i.e. lowest lake elevations) 

considered in this analysis are in this simulation. Based 

on the LAAMP lake elevation inputs (Figure 65) meromictic 

events are likely to occur during 1952 (2.5 ft rise), 1956 

(2 ft rise), 1967 (3 ft rise), 1969 (4.25 ft rise), 1978 (4 

16 



ft), 1982 to 1984 (12 ft rise in 3 years), and 1986 (2.75 ft 

rise). stream discharges from LAAMP are given in Figure 67. 

Figure 68 shows a weak (ca. < 3 kg m-3 ) 3 year 

meromictic period from 1941 to 1943. Figure 69 shows a 

strong 1 year meromictic episode in 1952 and strong 2 year 

meromictic period from 1957 to 1958. Meromixis occurs from 

1967 to 1990 (Figures 70 and 71) with one monomictic year in 

1977. The stability of the final meromictic event is 

extremely high with a density gradient equal to 70 kg m-3 

between the mixed layer and the 35 m depth for 1984 to 1987. 

This suggests that this may continue to be a very prolonged 

event. 

The confidence associated with this simulation is lower 

than the others in this simulation. The high conductivities 

in the hypolimnion at the lower elevations(ca. 114 mS cm- l ) 

is well outside of the range which the density equation was 

determined. 

Conclusion and Pinal Remarks 

Figure 73 is a synopsis of the major simulated 

meromictic events of the five alternatives considered here. 

The 6372 ft target elevation appears to be one which is 

susceptible to meromictic behavior. The 6377 ft target 

elevation has only one significant meromictic event which 

occurs during the early 1980s. Simulations of the 6383 ft 

and 6390 ft alternatives both predicted long term meromixis 

during the 1940s into the 1950s, but longer transition 
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periods to reach target elevations was identified as the 

cause. The 6383 ft elevation simulation resulted in only 

one additional significant meromictic period from 1978 to 

1986, but the density between the mixed layer and the 35 m 

depth was not strong. Once the target elevation was 

attained in the 6390 ft elevation simulation, no significant 

meromictic events occurred. 
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PIGURES 

Figpre 1. Schematic of Mono Lake hydrology and lake mixing 
model linkag~s and output. 

Figure 2 . Short wave radiation, air temperature , wind 
speed, vapor pressure, and precipitation from October 1, 
1989 (JDAY = 89274) to September 30, 1990 (JDAY = 90273) 
used in validation and EIR simulations. 

Figures 3-5. Total daily gauged stream inputs into Mono Lake 
used in validation simulations. 

Figures, 6-8. Measured lake elevations used in validation 
simulations. 

Figures 9-11. Simulated and observed temperature, simulated 
and observed corrected conductivity, and simulated density 
profiles of 1990 validation simulation. 

Figures 12-13. Sensitivity analysis of simulated surface 
temperatures with 20% and 4Q% plus and minus changes in the 
bulk evaporation coefficient compared with observed surface 
temperatures. 

Figures 14-16. Relative change in average monthly surface 
temperature, saturation vapor pressure, and mass of 
evaporative water loss from the evaporation bulk coefficient 
sensitivity analysis simulation pert.0~ed from 1983 to 1990. 

Figures 17-24. Observed and simulated temperature plots of 
val.idation simulation of 1983 to 1990. 

Figures 25-28. Observed and simulated mixed layer depth for 
the 1983 to 1990 simulation. 

Figures 29-30. Monthly averages of simulated mixed layer 
depth and temperature, corrected conductivity, and density 
for the mixed layer and at 35m depth for the 1983 to 1990 
simulation. 

Figure 31. Mill Creek and Dechambeau Creek discharges and 
precipitation used in 50-year simulations. 

Figure 32. Monthly precipitation totals from Cain Ranch used 
in 50-year simulations • 

• 
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Figure 33-40. 6372 ft alternative summary. Monthly 
elevation and gauged stream inputs from LAAMP are shown. 
Monthly averaged output of mixed layer depth, mixed layer 
temperature, miJeed layer corrected conductivity, mixed layer 
density, temperature at 35m, corrected conductivity at 35m, 
and density at 35m are shown. Estimates of the yearly 
ave'rage of ungauged surface discharges and groundwater are 
shown. 

Figure 41-48. 6377 ft alternative summary. Monthly 
elevation and gauged stream inputs from LAAMP are shown. 
Monthly averaged output of mixed layer depth, mixed layer 
temperature, mixed layer corrected conductivity, mixed layer 
density, temperature at 35m, corrected conductivity at 35m, 
and density at 35m are shown. Estimates of the yearly 
average of ungauged surface discharges and groundwater are 
shown. 

Figure 49-56. 6383 ft alternative summary. Monthly 
elevation and gauged stream inputs from LAAMP are shown. 
Monthly averaged output of mixed layer depth, mix,ed layer 
temperature, mixed layer corrected conductivity, mixed layer 
density, temperature at 35m, corrected conductivity at 35m, 
and density at 35m are shown. Estimates of the yearly total 
of ungauged surface discharges and groundwater are shown. 

Figure 57-64. 6390 ft alternative summary. Monthly 
elevation and gauged stream inputs from LAAMP are shown. 
Monthly averaged output of mixed layer depth, mixed layer 
temperature, mixed layer corrected conductivity, mixed layer 
density, temperature at 35m, corrected conductivity at 35m, 
and density at 35m are shown. Estimates of the yearly 
average of ungauged surface discharges and groundwater are 
shown. 

Figure 65-72. Point of reference (POR) alternative summary. 
Monthly elevation and gauged stream inputs from LAAMP are 
shown. Monthly averaged output of mixed layer depth, mixed 
layer temperature, mixed layer corrected conductivity, mixed 
layer density, temperature at 35m, corrected conductivity at 
35m, and density at 35m are shown. Estimates of the yearly 
average of ungauged surface discharges and groundwater are 
shown. 

Figure 73. Frequency and duration of meromixis for 
simUlations performed. 
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Table 1. Table of properties of Mono Lake Water. All 
values are for a temperature of 15°C. 

Viscosity (Pa) 

Kinematic Viscosity (m2 S-l) 

Specific Heat (J g-l OC-1 ) 

Latent Heat of Evaporation 

1.137 X 10-3 

1.27 X 10-6 

3.867 

2.477 X 106 

22 
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Table 2. Monthly evaporation totals for 1983 to 
1990 simulation of Mono Lake. 

1983 19Q4 1985, 1986 1987 1988 1989 
(em) (em) (em) (em) (em) (em) (em) 

1 3.45 3.52 3.59 3.55 3.67 3.91 
2 3.44 3.44 3.43 3.49 3.57 3.67 
3 6.00 6.20 6.03 6.02 5.95 5.80 
4 9.65 10.06 9.99 9.74 9.88 9.92 9.91 
5 15.18 15.22 15.10 15.17 15.02 15.07 14.64 
6 15.37 16.05 15.89 15.92 15.97 15.71 15.20 
7 18.33 18.01 17.85 18.15 17.77 17.42 17.55 
8 19.60 19.17 18.93 19.18 19.07 18.71 17.93 
9 15.23 14.84 14.69 14.86 14.57 14.25 13.52 
10 9.87 10.15 10.09 10.19 10.02 .9.50 9.60 
11 8.41 7.89 7.84 7.89 7.84 7.89 8.47 
12 3.60 3.63 3.66 3.61 3.69 3.85 4.19 
Totat 127.90 127.19 127.75 126.88 125.50 124.38 

Table 2. Monthly evaporation totals for 1983 to 
1990 simulation of Mono Lake. 

Month 1983 1984- 1985 1986 1987 1988 1989 
(in) (in) (in) (in) . (in) (in) (in) 

1 1.36 1.38 1.41 1.40 1.44 1.54 
Z 1.35 1.35 1.35 1.37 1.40 1.45 
3 2.36 2.44- 2.37 2.37 2.34 2.28 
4 3.80 3.96 3.93 3.83 3.89 3.91 3.90 
5 5.98 5.99 5.95 5.97 5 .. 91 5.93 5.76 
6 6.05 6.32 6.26 6.27 6.29 6.18 5.98 
7 7.22 7.09 7.03 7.15 6.99 6.86 6.91 
8 7.72 7.55 7.45 7.55 7.51 7.37 7.06 
9 6.00 5.84 5.78 5.85 5.74 5.61 5.32 
10 3.89 4.00 3.97 4.01 3.94 3.74 3.78 
11 3.31 3.lO' 3.09 3.11 3.09 3.11 3.34 
12 1.42 1.43 1.44 1.42 1.45 1.52 1.65 

~. 

TOtal 50.35 50.07 50.29 49.95 49.41 48.97 I 
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Table 3. Monthly evaporation averages for the 
1983 to 1990 simulation of Mono Lake. 

Simulation Average % of Simulated Year1y LAAMP Average % of LAAMP Year1y 

Month Qn) (em) Totai (In) (em) Totai I 
1 1.42 3.61 2.85 1.80 4.57 3.75 I 

I 

2 1.38 3.50 2.77 1.28 3.24 2.66 

3 2.36 6.00 4.74 1.05 2.67 2.19 

4 3.89 9.88 7.80 2.06 5.24 4.30 

5 5.93 15.06 11.89 4.20 10.67 8.75 

6 6.19 15.73 12.42 5.69 14.46 11.86 

7 7.03 17.87, 14.11 6.36 16.14 13.24 

8 7.46 18.94 14.96 7.88 20.01 16.41 

9 5.73 14.57 11.51 6.31 16.03 13.15 

10 3.90 9.92. 7.83 5.45 13.85 11.36 

11 3.16 8.03 6.35 3.82 9.69 7.95 

12 1.47 3.75 2.96 2.10 5.34 4.38 

Totat 49.84 126.60 100.00 48.00 121.92 100.00 
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Figure 29 

Monthly averaged mixed layer depth for 
simulation of 1983 to 1990. 
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Figure 30 

Monthly averaged mixed layer and 35 m 
corrected conductivity for the simulation of 

1983 to 1990 
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Mill and DeChambeau Discharges 
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Mixed Layer Depth for 1950 to 1959 
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Mixed Layer Depth for 1960 to 1969 

62 63 64 65 66 67 68 69 
. Year 

Water Temperature for 1960 to 1969 

62 63 64 65 66 67 68 69 
Year 

Mixed LayerTemp Temp~_~ 35m 

Corrected Conductivity for 1960 to 1969 

6263 64y ... 65 66 67 

Mixed Layer Cond ConductMly at 35m ._---------
Density for 1:960 to 1969 

65 ~------------------------------------------~ 61 62 63 64vear 65 66 67 68 69 
Mixed Layer Ofl1SitY ~_~_~5m 



50 

40 

f! 30 s 
E 20 

(,) 

10 

o 

25 
20 

15 

10 

5 

o 

98 
96 

e 94 
092 
[90 cg: 

84-

Figure 38 62 

Mixed Layer Depth for 1970 to 1979 
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Mixed Layer Depth for 1980 to 1990 
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Yearly Ungauged Stream Discharge and GroundWater 
Estimates from DYRESM and lAAMP 
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Figure 48 

Yearly Ungauged Stream Discharge and GroundWater 
Estimates from DYReSM and LAAMP 
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Mixed Layer Depth for 1950 to 1959 

co 40 ............................................................................................................................................................................. _ ......................... . 

76 

~ -~ 30 
E 20 

10 

o 

25 
20 
15 

o 10 

5 
o 

(5) 

50 

50 

51 52 53 54y 55 56 57 58 
ear 

51 

Water Temperature for 1950 to 1959 

52 53 54Year55 56 57 
Mixed Layer Temp Tempera1ure at 35m 

-----------

58 

59 

59 

Corrected Conductivity for 1950 to 1959 
88 ~----------------------~----------------------~ 
86 

EM 
082 
[80 
Q1 78 
E 76 

74 
72 50 51 52 53 54y 55 56 57 58 59 

80 

E 75 
:j 

~ 70 
a. 
~65 

60 

ear 
MixedLayerCond C~~35m 

Density for 1950 to 1959 

._--.. _-------_ ....... _----.... _- ......... _----------_. 
.. ~ ................. -.--.--...... -•............ -......... _ ............. _ ........ _.-.... __ ... _-................................. _-_._._._-_ ...................... . .. ... .. 

.... -............ _----...... _-----

50 51 52 53 54 55 56 57 58 59 
Year 

Mixed Layer Density Density at 35m 



.60 

50 

(1)40 ... 
~ 30 
E 20 

10 

o 

25 
20 
15 

(.) 10 

5 
o 

(5) 

84 
82 

li 80 
&. 78 
cg 76 

74 

60 

60 

Figure 53 77 

Mixed Layer Depth for 1960 to 1969 

61 62 63 64y 65 66 67 68 
ear 

69 

Water Temperature for 1960 to 1969 

61 62 63 64Year65 66 67 68 69 

, Mixed Layer Temp Temperature at 35m 
-----------

Corrected Conductivity for 1960 to 1969 

72 ~------------------~----------------------~ 60 61 62 63 64year 65 66 67 68 69 

Mixed Layer Cond. C~~_~ 35m 

Density for 1960 to 1969 
74 ~--------------~----------------------------~ 
72 

E 70 
a 68 
~ 66 Q. 

~64 
62 
60 

•• ( •••••••••••••••••• __ .................................. u ........................ _ ............ _ ................................................... u ................................ _ .......... _ •••••• u .......... -... ~. 

60 61 62 63 64Year 65 66 67 68 69 

Mixed Layer Density Density at 35m 



60 
50 

(/)40 ... 
~ 30 
E 20 

10 
o 

25 
20 
15 

() 10 
5 
0 

(5) 

Figure 54 78 

Mixed Layer Depth for 1970 to 1979 
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Mixed Layer Depth for 1980 to 1990 
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Figure 56 

Yearly Ungauged Stream Discharge and GroundWater 
Estimates from DYRESM and LAAMP 
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Figure 68 

Mixed Layer Depth for 1950 to 1959 
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Figure 69 

Mixed Layer Depth for 196.0 to 1969 
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Figure 70 

Mixed Layer Oepth for 1970 to 1979 
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Mixed Layer Depth for 1980 to 1990 
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Figure 72 

Yearly Ungauged Stream Discharge and GroundWater 
Estimates fromDYRESM and LAAMP 
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Figure 73 

Occurence and Duration of Meromixis 
for Mono Lake EIR Alternatives 
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