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ABSTRACT 

Monte-Carlo simulations were used to assess the short-term 

ANC depression of sierra Nevada lakes due to acidic deposition 

events. The Episodic Event Model (EEM) was used to simulate 

snowmelt events as well as the summer dry deposition and rainfall 

events. The model assumes that during events, there are no 

rections occuring in the watershed which would neutralize the 

incoming acidity entering the lake. Consequently, the results of 

this study represent the worst case scenario. The parameters of 

the EEM model were derived from available databases. Spring 

snowmelt events were shown to have greater impacts on the water 

quality of the Sierran lakes than summer events. Under annual 

average loading conditions, no lake in Sierra Nevada is acidic 

although 29% of the lakes have ANC less than 40 µeq/L. During 

early snowmelt events simulated using present H+ loading 

conditions, 79% ± 9% of the lakes will experience short-term ANC 

depressions to levels less than 40 µeq/L. The summer event 

simulations indicate that under present H+ loading conditions, 

31% of the lakes will have a short-term ANC depression to levels 

less than 40 µeq/L. The most critical parameters which control 

the magnitude of the ANC depressions during both snowmelt and 

summer critical events are a) the lake area to watershed area 

ratio and b) the volume of water in the mixing zone. 
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CONCLUSIONS 

A Monte-Carlo simulation technique was used for each of 168 

lakes in Sierra Nevada to estimate the effect of acidic epidodes 

on the lake water quality. Random sampling was used on each 

regional parameter and the combination of values was used to 

drive the EEM model. Two hundred and fifty simulations were run 

to obtain an estimate of the mean and the standard deviation 

around the mean of the simulated lake ANC and thus provide an 

estimate of the uncertainty of the predictions. 

Under annual average conditions, no lake in ·sierra is 

acidic. However, 29% of the lakes have ANC less than 40 µeq/L. 

Sierra Nevada has the highest percentage of sensitive lakes to 

acid deposition of any other region in the United States except 

Florida. After a 20-day duration, early spring snowmelt event 

(present acidic loading conditions), it is expected that 79% ± 9% 

of the lakes will have ANC less than 40 µeq/L. The effects of 

doubling and halving the present levels of acidic loading were 

evaluated through scenario simulations. The results indicate 

that the lakes in Sierra Nevada are not very sensitive to changes 

in acid deposition, primarily due to the current low levels of 

acid deposition. The lakes would always be near zero in ANC 

during an event due to dilution by snowmelt runoff. The timing 

of the event effects the number of lakes with minimum ANC during 

the events of less than 40 µeq/L. It was found that 65% of the 

lakes will have ANC less than 40 µeq/L after a late spring, 20-

day duration melt event. 
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The summer critical event simulations indicate that only a 

small portion of the lakes in Sierra Nevada (6-8% of the total 

population) should experience short-term depressions of ANC (less 

than 40 µeq/L) during a summer critical event. The magnitude of 

these depressions is less than the ANC depression caused by 

snowmelt critical events. 

The geomorphological environment of the Sierra lakes makes 

them susceptible to acid deposition events. The acid loading 

levels in Sierra Nevada, California are low compared to those of 

Northeastern United States. Surveys have sampled no acid lakes 

under normal conditions. EEM simulations indicate that during an 

episodic event a large number of lakes will exhibit short-term 

depressions of pH and ANC. 
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RECOMMENDATIONS 

An assessment of the lake resources-at-risk has been 

performed in this study. The uncertainty incorporated in the 

results lended increased confidence to the predictions. 

Continuing effort is required to attempt to reduce this 

uncertainty. Specifically the following studies should be 

undertaken. 

1. Correlate the duration and severity of the snowmelt 

and summer episodic events with watershed features, 

2. Apportion the severity of the events between dilution 

and acid deposition, 

3. Treat dry deposition during the summer event by 

incorporating a soil compartment in the model, 

4. Collect data that would minimize the uncertainty 

in predictions, 

5. Validate the EEM model by utilizing data from other 

watersheds, 

6. Assess the stream resources-at-risk to acid 

deposition, and 

7. Modify the EEM model to evaluate the eff~cts of 

nitrate, sulfate and ammonium on surface water 

quality. 

The California Air Resources Board should utilize the 

results of this study to: 

1. obtain an estimate of the lake resources at risk to 

episodic acidification under the worst case scenario, 
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2. design a field sampling network that would provide 

better data for acidification models, and 

3. to utilize this framework of analysis for establishing 

emission standards. 
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INTRODUCTION 

There are 5000 lakes in California m~st of which are located 

in the Sierra (McCleneghan et al., 1985). The lakes in the 

sierra Nevada of California are sensitive to increases in acidic 

deposition (Melack et al., 1985). The Sierra lakes are 

especially sensitive to acidic deposition because their 

watersheds are comprised of granitic bedrock and thin acid soils 

(McColl, 1981) and their waters are very dilute (Tonnessen, 1983; 

Melack et al., 1985; Landers et al., 1987). The lakes in the 

forested zone of the Sierra receive precipitation with a volume­

weighted H+ concentration of 6.5 µeq/L (wet only) (Stohlgren and 

Parsons, 1987). The present amount of acidic deposition in 

Sierra Nevada is relatively small compared to the northeastern 

United States (Eilers ~t al., 1987). However, acid deposition 

can occur as events that produce short-term depression of pH and 

ANC (Melack et al., 1987; Williams et al., this issue). 

Lake resources-at-risk to acidic deposition in several 

regions of the United states and Europe have been assessed using 

of steady state models. The steady state Trickle-Down model has 

been used to assess the northeastern U.S.A. lake resources-at­

risk to acidic deposition (Schnoor et al., 1986a) and upper 

midwestern lakes (Schnoor et al., 1986b). Using Henriksen's 

nomogram the risk of acidification to 700 Norwegian lakes was 

evaluated (Henriksen, 1979 and 1982). Thompson (1983) used the 

concept of the "cation denudation rate of a watershed'' to 
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evaluate the status of rivers in Nova Scotia and Newfoundland in 

Canada. 

Evaluation of lake resources-at-risk during an episodic 

event on a regional basis has not been performed for any region 

of the U.S., Canada or Europe. The rapid release of acids from 

the snowpack during the spring thaw can cause a temporary drop in 

the pH and ANC of poorly buffered lakes and streams (Williams et 

al., this issue). This phenomenon can have adverse effects on 

aquatic biota (Gunn et al., 1986). 

The objectives of this study are to develop a simplified 

episodic event model and to apply it to the lakes in the Sierra 

Nevada in California in order to evaluate the effect of acidic 

deposition events. Fig. 1 shows the location of the study area. 
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MODEL DEVELOPMENT 

The episodic event model (EEM) is based on a mass balance 

for alkalinity in the lake. The model considers two types of 

episodic events: 1) the snowmelt event and 2) the summer rainfall 

event after a long period of dry deposition. In both time­

periods (early or late spring and late summer), lakes in the 

Sierra are thermallly stratified (Melack et al., 1987; Sickman et 

al., 1989). During spring snowmelt the water at the bottom of 

the lake has a temperature of 3-4°c and is more dense than the 

water near the ice/snowpack on the surfac·e of the lake which has 

a temperature of o-1°c. A schematic of the EEM conceptualization 

is shown in Fig. 2. 

EEM is a mixing model which simply dilutes epilimnion water 

with snowmelt or precipitation runoff water. The EEM model 

considers the lake epilimnion to be completely-mixed having a 

critical stratified volume, Ve. The model also assumes that 

during events, there are no reactions occurring in the 

terrestrial part of the watershed which would neutralize the 

acidity entering the lake. Melack et al., (1989) have shown that 

in the case of Emerald Lake watershed, the incoming to the lake 

acidity is neutralized even though the watershed is mostly 

exposed bedrock and during events the runoff contact time is 

short. Due to lack of more data, it was decided to utilize this 

assumption and thus to accept the results of this modeling effort 

as the worst case scenario. In EEM, steady flow was assumed. 

The analysis of the hydrologic data from the Emerald Lake· 
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watershed (Dracup et al., 1988) indicates that during an event 

the steady flow assumption holds. During peak snowmelt, the 

residence time of snowmelt water in Emerald Lake can be less than 

one day (Dozier et al., 1989). Given the above assumptions a 

simple input/output analysis for the lake epilimnion can be 

expressed mathematically as: 

dAr/dt = (Qc/Vc)*Lacy - (Qc/Vc)*AL 

where: 

AL = Lake alkalinity concentration, meq/m3 , 

Qc = Critical flow, m3/day, 

3Ve = Lake critical stratified volume, m , 

Lacy= Acidity concentration entering the lake, 

meq/m3 , and 

t = Time step, day. 

Solving eq (1) analytically, it yields: 

AL= A
W 

*e-Qc*t/Vc 
. 

_ L *[lacy _ e-Qc*t/Vc] 

where: 

ALO= Initial lake alkalinity concentration, meq/m3 . 

Since Lacy varies with time, the above equation is solved in a 

piecewise fashion with a very small time step. 
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PARAMETER AGGREGATION 

'lhe four parameters of the EEM (Qc, Ve, Lacy and ALo) are 

determined as follows: 

1) Critical Flow, Qc: Snowmelt is a dynamic phenomenon and its 

rates vary from day to day, and between years. Measurements for 

the evaluation of daily snowmelt rates in Sierra Nevada have been 

performed for two locations only: the Central Sierra Snow 

Laboratory where snow has been monitored for 15 years and the 

Emerald Lake watershed for 3 years (Dozier et al., 1989). The 

critical flow for the snowmelt event in this study can be 

approximated using average melt rates over the whole snowmelt 

period. Mathematically this can be expressed as: 

Qc = MR*AREAT 

where: 

MR = Average melt rate, m/day 

AREAT = Watershed surface area, m2 • 

The critical flow for the summer event is equal to the 

precipitation event rate. This is a reasonable assumption 

because alpine watersheds in the Sierra Nevada are comprised 

largely of exposed bedrock, have thin pockets of soil and have a 

flashy hydrograph (Kattelmann et al., this issue). The critical 

flow is estimated as follows: 

Qc = PPT*AREAT 

where: 

PPT = Precipitation event rate, m/day. 
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2) Lake Critical Volume, V0 : The critical stratified volume 

for both snowmelt and summer events can be approximated through 

the critical depth estimates as: 

where: 

De = Critical depth of epilimnion of stratified lake m, 

and 

AREAL= Lake surface area, m2 • 

3) Incoming Acidity concentration, Lacy= This parameter is the 

most difficult to estimate because it varies during the course of 

the event. During snowmelt, field and laboratory studies have 

shown that 50 to 80% of several ions are preferentially released 

in the first 30% of the melt water (Henriksen, 1979; Bales et 

al., 1989). The initial snowpack acidity concentration can be 

estimated as a volume-weighted average of the H+ concentration in 

the precipitation during the snow season (Oct. 1 - Apr. 1). This 

is a good estimate of the pre-melt snowpack acidity since there 

is no enhancement of snowpack acidity due to vegetation. To 

estimate the daily flux of acidity to the lake from the snowpack, 

a modified version of the Goodison et al., (1986) model is used. 

The model computes the amount of acidity to be removed by melt as 

being proportional to the melt water removed. In mathematical 

terms, Lacy can be expressed as: 

Lacy= [H+Jo*[l - (MR*t)/dsJn 

where: 

[H+Jo = Initial H+ concentration in the snowpack before 
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melt, meq/m3 , 

MR = Average melt rate, m/day 

ds = Initial snow water equivalent (SWE), m, and 

n = Constant of proportionality. 

The parameter, ds, can be estimated from snow course data. 

For California, the April 1st sampling period represents the 

deepest snow depth over a range of elevations (CCSS, 1985; CCSS, 

1986) . 

The incoming acidity during the summer event can be 

estimated as follows: 

Lacy= [(H+dry*T)/PPT] + H+wet 

where: 

+
H dry = H+ dry deposition flux, meq/m2 -day, 

T = Interarrival time between two precipitation 

events, day 

PPT = Precipitation event rate, m/day, and 

+
H wet = H+ concentration of precipitation, meq/m3 • 

4) Initial Lake Alkalinity Concentration, AL0 : This study uses 

data from the University of Iowa database (Nishida and Schnoor, 

1989) that contains 198 Sierra lakes. ~his database contains 

data from the three lake surveys which have been conducted in 

Sierra Nevada: 1) the Western Lake Survey (Landers et al., 1987) 

conducted by the U.S. Environmantal Protection Agency, 2) the 

Statewide Survey of Aquatic Ecosystem Chemistry (McCleneghan et 

al., 1985) conducted by the California Department of Fish and 

Game in cooperation with the California Air Resources Board, and 
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3) the survey conducted by the University of California at Santa 

Barbara (Melack et al., 1985). These data can be used for 

analysis of both types of events. 
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REGIONALIZATION METHODOLOGY 

To assess the impacts of episodic events of acidic 

deposition to lakes in the Sierra Nevada, California, the EEM 

model was used. Table 1 presents the data requirements of EEM 

for both snowmelt and summer events. Of the parameters in Table 

1, lake ANC, lake surface area and watershed area are the only 

watershed specific parameters that are included in the database 

(Nishida and Schnoor, 1989). The other parameters were derived 

on a regional basis. Sierra Nevada was devided into three 

regions and existing precipitation monitoring stations were 

assigned to these areas. Division into subregions was necessary 

so the EEM model would reflect realistic distributions. Each 

watershed was assigned to a region determined by its proximity to. 

the closest precipitation station. For each region, a 

distribution (normal or uniform) was derived for each of the non­

watershed specific parameters. 

The Monte-Carlo simulation technique was used for each lake 

to estimate the effect of the acidic episode on the lake. Random 

sampling was used on each parameter, (H
0 

+, MR, Ds, n, de) and the 

combination of values was used to drive the EEM model. Two 

hundred and fifty simulations were run in order to obtain an 

estimate of the mean and the standard deviation around the mean 

of the simulated lake alkalinity. The Monte-Carlo technique 

provided an estimate of uncertainty on the prediction. Fig. 3 is 

a schematic of the Monte-Carlo simulation on each lake. 
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DATA ACQUISITION 

a) Snowmelt Events: 

There are a total of eight wet deposition stations in the 

Sierra operated by the California Air Resources Board (CARB) and 

by the National Atmospheric Deposition Program (NADP). The CARB 

data were collected between 1985 and 1987 (Blanchard et al., 

1989), the NADP data were collected between 1980 and 1987 (NADP, 

1987). For this study the Sierra Nevada was considered as three 

geographic regions. The division of the study area into 

subregions was necessary so the distributions of the regional 

parameters of the EEM model would be more realistic. Data from 

the Giant Forest station were used to characterize the South 

Sierra Region (SSR). Data from the Yosemite and Mammoth stations 

were applied to the Central Sierra Region (CSR). The South Lake 

Tahoe, Soda Springs and Quincy stations supplied precipitation 

data for the North Sierra Region (NSR). 

Initial snow ANC was calculated from the volume-weighted H+ 

concentration of precipitation between October 1st and March 

31st. One value was obtained for each season for each station in 

each region. The normal distribution parameters (mean and 

standard deviation) were obtained from the calculated initial 

snow ANC seasonal averages. 

Initial SWE was obtained by using the April 1st average snow 

water content for each station sampled by the California 

Department of Water Resources (CCSS, 1985 & 1986). The 1930-1975 

April 1st, SWE station averages were used to obtain the mean and 
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standard deviation for the initial snow depth normal 

distribution. Several stations were eliminated from each region 

because of their elevation. For instance in SSR, the lakes are 

located at an elevation greater than 2450 m. Thus, only the 

stations with greater than 2450 m elevation were used for the SSR 

ds estimates. 

Melt rates for each region were calculated using snow course 

data (CCSS, 1985 & 1986). Snow surveys in California are 

conducted once a month starting in January and ending in May or 

June. The April and May surveys for the 1985 and 1986 years were 

used to calculate the average melt rate for each station for each 

year because the sampling dates and SWE data were available. 

Normal distribution parameters were calculated for melt rate from 

these data. The upper and lower limits of the melting 

coefficient, n, were given by Goodison et al., (1986) as 1.9 to 

4.5. 

The early spring critical depth of lake stratification was 

obtained from the temperature profiles of 13 lakes (Lund, 1987; 

Melack et al., 1987; Sickman et al., 1989). The upper and lower 

limits of the critical depth were determined from these 

temperature profiles as 1.5 to 2.5 m. The upper and lower limits 

of the late spring critical depth were determined from lake 

temperature profiles measurements as between 3 and 7.5 m. 

Table 2 presents the collected data for the South, Central 

and North Sierra Regions respectively. SSR precipitation 

stations receive roughly 15 to 20% less precipitation than CSR 

and NSR stations. They also have 25% higher melting rates. CSR 
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and NSR receive the same amount of snow and exhibit approximately 

the same melting rates. The ANC in CSR is 40% higher than the 

other t~o regions which were comparable. 

b) Summer Event: 

The climatological data of California (NOAA, 1987) were used 

to estimate the intensity of precipitation during the summer 

months of July and August and the number of days between rainfall 

events (interarrival time). Data from the following stations 

were used to estimate the two parameters: Grant Grove, Lodgepole, 

Gem Lake, Ellery Lake, Twin Lake, Tahoe City, Truckee Ranger and 

Sagehen. The summer event model assumes that dry deposition has 

accumulated on surfaces in the watershed during the days between 

rainfall events. When a rain event occurs, the rain washes dry 

deposition from the watershed and into the lake where it is mixed 

in the epilimnion. A critical event is defined by the following 

criteria: 1) when the number of days between rainfall events was 

greater or equal to 10 days, or 2) when the amount of rainfall 

was greater than or equal to 1 cm. Given these criteria the 

events were selected through the period of 1983 to 1987 . 

The distribution of H+ concentration of the rainfall event 

was obtained by compiling all the July and August data from 

Sierra Nevada precipitation stations. The range of the H+ dry 

deposition flux was obtained from Bytnerowicz et al., (1988). 

The range of the H+ deposition flux deposited to Lodgepole (Pinus 

murrayara) and western white (Pinus monticola) pines was used. 

Only the Western Lake Survey Lakes (101 lakes) were used to 

study the summer events because estimates of maximum lake depth 
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were included in the survey. The summer critical depth of lake 

stratification was obtained from temperature profiles of lakes in 

the Sierra (Lund, 1987; Sickman et al., 1989). The critical 

depth was calculated as a percentage of the maximum depth of the 

lake. During the summer event simulation, for every lake, values 

of percent maximum depth (the critical depth) were obtained 

randomly from a uniform distribution. These values were 

multiplied by the estimates of maximum depth measured by EPA. Iri 

that way the critical depth of the lake for that simulation was 

obtained. 

Table 3 presents the data used for the summer critical event 

simulations. The results apply to lakes with surface areas 

greater than one hectares since the Western Lake Survey was 

designed to sample lakes greater than one hectares. 

The appendix contains a listing of the raw data utilized to 

develop the distribution of the parameters of the EEM model. 
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RESULTS AND DISCUSSION 

a} snowmelt Event Resu~ts 

Two types of snowmelt event scenarios have been simulated. 

The first is referred to as the early spring (conservative) 

snowmelt event scenario. It is assumed that if snowrnelt occurs 

in late March or early April (early thaw) then the lakes in 

Sierra would be most likely to be affected, because the depth of 

the upper stratified volume would be at a minimum. The second 

scenario is referred to as the late spring (liberal) snowmelt 

event scenario. In this scenario (which is more likely to 

occur), it is assumed that snowmelt will occur in late May and 

early June, when the upper stratified volume is at its maximum. 

The results of these two events give the upper and lower bounds 

of the lake resources-at-risk to acidic deposition in the Sierra 

Nevada. 

This study considered 168 Sierra lakes. Under annual 

average conditions at observed initial ANC (Fig. 4), there are no 

acidic lakes in the Sierra Nevada. But the majority of the lakes 

are very dilute and have ANC values less than 100 µeq/L. 

Monte-Carlo simulations were run for each of the 168 lakes. 

Subregions were designated such that 28 lakes were located in 

South Sierra (SSR), 105 in Central Sierra (CSR) and 36 in 

Northern Sierra (NSR). A typical example of the results is 

Emerald Lake. Emerald Lake is the Integrated Watershed Study 

site of the California Air Resources Board's Acid Deposition 

Program. Emerald Lake is located in Sequoia National Park. The 
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lake has an annual average ANC of 29 µeq/L, a lake surface area 

of 2.72 ha and a watershed area of 120 ha. Fig. 5 presents the 

flows for the two major inflows and the outflow of Emerald Lake 

from a 1987 snowmelt event (4/10 - 4/23). An average melt rate 

of 0.40 ± 0.11 cm/day was calculated from these data. The 

initial snowmelt ANC (-4.6 µeq/L) was calculated from the H+ 

concentration of snow. Fig. 6 shows the episodic event 

simulation under present loading conditions. The results 

indicate that the expected lowest lake ANC for a 20-day event is 

18 µeq/L. The uncertainty of this result is± 6.8 µeq/L which is 

its standard deviation for the 250 Monte-Carlo simulations. This 

simulation constitutes a partial calibration of the EEM model. 

The field data used for this simulation are listed in Table 4. 

The response of the lakes to the episodic event was 

variable. To summarize the responses, the lakes were examined in 

terms of initial ANC and lake-to-watershed surface area ratio. 

The lakes with the highest and lowest initial ANC and the lakes 

with the highest and lowest lake-to-watershed surface area ratio 

were selected for examination in each region. 

Results for the SSR region are as follows. Mosquito 3 Lake 

has the highest watershed-to-lake area ratio (WLR) of 166.7 for 

the SSR region. It has an initial ANC of 44 µeq/L. During a 20-

day duration event, its expected ANC is 0.4 µeq/L having an 

uncertainty of± 2.0 µeq/L. On the other hand, Hockett Lake 

(Center) has the lowest WLR of 2. Its initial ANC is 69 µeq/L 

and the expected ANC during a 20-day event is 10 ± 9 µeq/L. 

Tableland Lake has the lowest initial ANC of 9 µeq/L and model 
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simulations predict the lake to have an ANC of 3 ± 2 µeq/L after 

a 20-day duration snowmelt event. A lake with no name (WLS code: 

4Al-042) has the highest ANC of 178 µeg/L. Its episodic event 

ANC is expected to be 23 ± 18 µeg/L. The average WLR for the 28 

lakes of the SSR region in the vicinity of the Giant Forest 

precipitation station is 14. The average initial ANC is 60 

µeg/L, and the standard deviation is 38 µeg/L. The average ANC 

after a 20-day event is expected to be 16 ± 17 µeg/L. These 

results constitute the worst case scenario of an early spring 

melt. If the event happens in late spring, then the expected 

average ANC for these lakes would be 30 ± 22 µeg/L. 

The CSR region exhibits different characteristics from the 

SSR region. The regional average initial ANC is 138 ± 240 µeg/L. 

On the average, the watershed area is 18 times greater than the 

lake surface area. The average ANC after a_ 20-day early spring 

snowmelt event is expected to be 21 ± 44 µeg/L. During a late 

spring melt event, the expected average ANC of the 105 lakes in 

the region is 45 ± 86 µeg/L. The higher average initial ANC 

indicates that the CSR lakes have better buffering mechanism than 

the SSR lakes. However, their geomorphological setting (higher 

WLR) makes them more susceptible to episodic events. Twin Lakes 

(South) has the highest WLR of 1000 and an initial ANC of 441.9 

µeg/L. The expected ANC after a 20-day event (early spring) is 

expected to be 1 ± 19 µeg/L. Summit Lake has an initial ANC of 

109.5 µeg/L and the lowest in the region WLR ratio of 3.8. 

During an early spring episodic event, the lake is expected to 

have an ANC of 85 ± 9 µeg/L. Twin Lakes (North) has the highest 
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ANC in the region of 1243.0 µeq/L (WLR of 25.6). Its early 

spring episodic event ANC is expected to be 267 ± 204 µeq/L. On 

the other hand, Parker Pass lake has the lowest ANC of 5.0 µeq/L 

(WLR of 34), and its episodic event ANC is expected to be -0.6 ± 

1 µeq/L. 

The NSR region contains 35 lakes. Of the three regions, it 

exhibits the lowest average WLR ratio, 8.0. The average initial 

ANC is 151.9 ± 194.3 µeq/L. The expected average ANC after a 20-

day duration, early spring event is 70 ± 81 µeq/L and after a 

late spring event is 107 ± 129 µeq/L. Grass Lake has the highest 

WLR of 166.7 out of the 35 NSR lakes. Its initial ANC is 282.7 

µeq/L and its early spring projected 20-day duration event ANC is 

7 ± 29 µeq/L. Blue Lake exhibits an opposite response to Grass 

Lake. Blue lake has the lowest WLR of 2.7 in the region. Its 

initial ANC is 66.4 µeq/L, which is significantly lower than the 

Grass Lake initial ANC. The lake is expected to lose only 18% of 

its initial ANC during the early spring event. Waca Lake 

exhibits a similar response. The lake has the lowest initial ANC 

of 12.75 µeq/L and a watershed area 5 times greater than the lake 

area. After a 20-day early spring event the lake ANC is expected 

to be 9 ± 2 µeq/L. Smith Lake has the highest initial ANC of 

1104.8 µeq/L in the NSR region (WLR of 17.8). Model predictions 

show that the lake would have an ANC of 366 ± 218 µeq/L after a 

20-day early spring event. 

To assess the lake resources-at-risk to acid deposition in 

the Sierra Nevada, the field data and the model simulation 

results are plotted as the cumulative percent of lakes having ANC 
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less than a given value, versus the lake ANC. Fig. 3a presents 

the initial ANC distribution for the 168 lakes of this study. 

These data represent annual average conditions. Under these 

conditions, no lake in Sierra is acidic. However, 29% of the 

lakes have ANC less than 40 µeq/L. Sierra Nevada has a higher 

percentage of lakes with ANC less than 40 µeq/L than any other 

region in the United States except Florida. Fig. 7 presents the 

ANC distribution of lakes after a 20-day duration early spring 

snowmelt event. The expected value (mean) and± one standard 

deviation curves are plotted as they were determined from the 

Monte-Carlo simulation results. The results assume that the 

present acidic loading conditions exist. After such an event, it 

is expected that 79% of the lakes will have ANC less than 40 

µeq/L. The uncertainty due to the regional parameter estimates 

is that 71% to 88% of the lakes will have ANC less than 40 µeg/L. 

Fig. 8 shows the effects of.doubling and halving the present 

levels of H+ loading. These results indicate that the lakes in 

Sierra Nevada are not very sensitive to changes in acid 

deposition, primarily due to the current low levels of acidic 

loads. The lakes would always be near zero in ANC during an 

event due to dilution by snowmelt runoff, regardless of H+ 

concentrations. The amount of acidity currently being deposited 

is not enough to change the situation dramatically. The timing 

of the event effects the amplitude of the ANC response. Fig. 9 

is a comparison between the ANC distributions after an early 

versus a late spring melt event. It is found that 65% of the 

lakes will have ANC less than 40 µeq/L after a late spring, 20-
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day duration melt event. This indicates that 15% of the lakes 

will be less affected if the event occurs in late rather than 

early spring. 

b) summer Event Results 

Lakes used to simulate summer events were obtained from the 

EPA Western Lake Survey (Landers et al., 1987). One hundred and 

one Sierra lakes were considered. Under the annual average 

conditions reported in this database, there is no lake with ANC 

less than O µeg/L. Twenty four percent of the lakes have ANC 

between O and 40 µeg/L. When summer critical events occur under 

present H+ loading conditions, then 3% of the lakes become acidic 

and 28% have ANC between O and 40 µeg/L. This indicates that an 

additional 8% of the lakes have a short-term ANC depression less 

than 40 µeg/L .. Fig. 10 presents the cumulative distribution of 

lakes: a) under annual average conditions and b) under present H+ 

loading critical event. Fig. 11 depicts the cumulative 

distribution of lakes under conditions of present loadings, half 

and double the present loadings (loading of H+ during a critical 

event). At half the present loading only 1% of the lakes will 

recover to ANC levels greater than 40 µeg/L during the event. At 

double the present loading an additional 1% will have ANC less 

than 40 µeg/L. 

The summer critical event simulations indicate that only a 

small portion of the lakes in Sierra Nevada (6-8% of the total 

population) should experience short-term depressions of ANC to 

critical levels (less than 40 µeg/L) during a summer critical 
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event. The magnitude of these depressions are much less than the 

ANC depressions caused by a snoWIDelt critical event. The reason 

the magnitude of the ANC depressions is very small is because the 

su:mmer stratified epilimnion of the lakes is much deeper than the 

mixing zone during the spring snoWIDelt. As in the case of the 

snoWIDelt events, the parameters which control the magnitude of 

the ANC depressions are a) the lake area to watershed area ratio 

and b) the volume of water in the mixing zone. It has been 

demonstrated that if the total H+ loadings during an event were 

to double, only 1% additional lakes would reach ANC levels less 

than 40 µeq/L during the event. 
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Table 1. EEM Model Data Requirements 

A. Watershed specific Data 

= Initial Lake ANC 
= Lake Area 
= Watershed Area 

B. Regional Data 

1) Snowmelt Event 
[H+] = Initial H+ Concentration of Snow 

MR 0 = Melt Rate 
= Initial Snow Depthd 5 

De = Lake Critical Depth 
n = Proportionality constant 

2) summer Event 
H+dry = H+ Flux in Dry Deposition 
PPT = Precipitation Intensity 
H+wet = H+ Concentration in Precipitation 
T = Event Interarrival Time 

= Percent of Maximum Lake Critical Depth 
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TABLE 2. EEM snowmelt Episodic Event Data 

a) Normally Distributed Parameters 
Parameter Mean Standard No. of Reference 

Deviation Data 

South Sierra Nevada Region 

2.06 9 NADP, 1987 and 
Blanchard et al., 
1989 

MR (cm/d) 1.59 0.73 17* CCSS,1985 & 1986 
ds (cm) 66.40 19.50 38* CCSS,1985 & 1986 

Central Sierra Nevada Region 

5.36 9 NADP, 1987 and 
Blanchard et al., 
1989 

MR (cm/d) 1.28 0.44 35** ccss, 1985 & 1986 
ds (cm) 80.50 22.90 48** ccss, 1985 & 1986 

North Sierra Nevada Region 

1. 71 6 NADP, 1987 and 
Blanchard et al., 
1989 

MR (cm/d) 1.25 0.43 123** CCSS,1985 & 1986 
ds (cm) 80.90 34.50 92** CCSS,1985 & 1986 

b) Uniformly Distributed Parameters 

Parameter Lower Upper No. of Reference 
Limit Limit Data 

n 1.9 4.5 Goodison et. al., 1986 

Early Spring Event 
DC (m) 1.5 2.5 13 Lund, 1987; Sickman 

et al., 1989 
Late Spring Event 
DC (m) 3.0 7.5 9 Lund, 1987; Sickman 

et al., 1989 

Only stations with elevations higher than 2450 m were used.* 
** Only stations with elevations higher than 1500 m were used. 
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TABLE 3. EEM Summer Episodic Event Data 

a) Normally Distributed Parameters 

Parameter Mean 

PPT (cm) 0.99 
H+wet (meq/m)3 16.06 

b) Uniformly Distributed Parameters 

Parameter Lower 
Limit 

+ 2 0.0H 1aI (meq/m /day)
T ys) 1.0 
Dpc (%) 15.0 

Standard 
Deviation 

1.27 
12.33 

Upper 
Limit 

6.15 
84.0 
56.0 

No. of 
Data 

87 
31 

No. of 
Data 

16 
87 
14 
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TABLE 4. Emerald Lake snowmelt Episodic Event Data 

a) Normally Distributed Parameters 

Parameter Mean Standard Reference 
Deviation 

[H+Jo (meq/m3 ) 4.60 o.oo Dozier et al., 1987; 
Dozier et al., 1989 

MR (cm/d) 0.40 0.11 Melack et al., 1987; 
Melack et al., 1989 

ds (cm) 78.00 0.00 Melack et al., 1987; 
Melack et al., 1989 

b) Uniformly Distributed Parameters 

Parameter Lower Upper Reference 
Limit Limit 

1.9 4.5 Goodison et. al., 1986 
3.0 3.0 Melack et al.,1987 
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1. HYDROGEN ION CONCENTRATION OF PRECIPITATION DURING 
THE SNOW SEASON 

The concentration of hydrogen ion is the precipitation volume 
weighted average of the events occuring between Oct. 1 
and March 31 in units of microequivalents per liter. 
"n" refers to the number of data existing for that season. 

I HYDROGEN ION I I I 
LOCATION !SEASON I (ueq/L) I n I REFERENCE I 
--------------------1---------1--------------1---------1---------1 
Giant Forest {*) 11980-81 7.72 8 INADP/NTN I 
Giant Forest (*) 11981-82 10.47 16 INADP/NTN I 
Giant Forest ( *) 11982-83 3.89 10 INADP/NTN I 
Giant Forest ( *) 11983-84 8.80 11 INADP/NTN I 
Giant Forest (*) 11984-85 5.48 11 INADP/NTN I 
Giant Forest ( *) 11985-86 6.00 10 INADP/NTN I 
Giant Forest (*) 11986-87 4.83 12 INADP/NTN I 
Yosemite Station (@) 11981-82 6.25 9 INADP/NTN I 
Yosemite Station (@) 11982-83 10.72 20 INADP/NTN I 
Yosemite Station (@) 11983-84 21.68 14 INADP/NTN I 
Yosemite Station (@) 11984-85 7.47 13 INADP/NTN I 
Yosemite Station (@) 11986-87 11.57 11 INADP/NTN I 
Yosemite Station (@) 11985-86 10.97 4 ICARB I 

!Yosemite Station (@) 11986-87 10.42 12 ICARB I 
!Mam.moth Mountain (@) 11985-86 5.04 14 ICARB I 
IMornmoth Mountain (@) 11986-87 3. 26 6 ICARB I 
ILake Tahoe ( ! ) 11985-86 4.53 15 ICARB I 
!Lake Tahoe ( ! ) 11986-87 5.01 11 ICARB I 
!Soda Springs ( ! ) 11985-86 4.58 18 ICARB I 
!Soda Springs ( ! ) 11986-87 7.68 17 ICARB I 
!Quincy ( ! ) 11985-86 8.41 10 ICARB I 
!Quincy ( ! ) 11986-87 7.00 13 ICARB I 

!HYDROGEN ION CONCENTRATION DISTRIBUTIONS: 

I Mean Standard !Number ofl 
I I (ueq/L) I Deviation I Seasons I 
1--------------------,---------1--------------1---------1 
ISouth Sierra (*) I 6. 74 I 2 . 35 I 7 I 
!Central Sierra(@) I 9.71 I 5.36 I 9 I 
INorth ( ! ) I 6. 2 I 1. 71 I 6 I 
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2. SNOWMELT EPIDOSIC EVENT 
SOUTH SIERRA REGION 

(SSR) 
MELT RATE 

STATION 
MELT 

1985 
(in/day) 

RATE 
1986 

(in/day) 

Blackcap Basin 
Rattlesnake Creek Basin 
Upper Burnt Corral Meadow 
Vidette Meadow 
Round Corral 
Courtright 
Statum Meadow 
Dodsons Meadow 
Panther Meadow 
Hockett Meadow 
Long Meadow 
Mineral King 

0.77 
0.44 
0.27 
0.30 
0.49 
0.33 
0.60 
0.58 
0.55 
0.34 

0.59 
0.93 
0.77 

1.09 

1.19 

1.00 
0.42 
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3. SNOffl'.IELT EPISODIC EVENT 
CENTRAL 

STATION 

Tuolumne Meadows 
Dodge Ridge 
Ostrander Lake 
Piute Pass 
Kaiser Pass 
Cora Lakes 
Snow Flat 
Huntington Lake 
Jackass Meadow 
Chiquito Creek 
Poison Meadow 
Florence Lake 
Paradise 
Kerrick Corral 
Vernon Lake 
Beehive Meadow 
Bell Meadow 
Gin Flat 
Peregoy Meadows 
Chilkoot Lake 
Chilkoot Meadows 
Clover Meadow 

SIERRA REGION 
(CSR) 

:MELT RATE 

:MELT 
1985 

(in/day) 

0.24 
0.42 
0.34 
0.19 
0.35 
0.66 

0.66 
0.64 
0. 64 
0.75 
0.24 

0.69 
0.56 
0.60 

0.60 

0.68 
0.50 
0.59 

RATE 
1986 

(in/day) 

0.37 

0.47 

0.48 
0.21 

0.89 
0.65 
0.49 

0.32 
0.63 
0.61 
0.59 
0.31 
0.56 
0.21 
0.58 
0.44 
0.51 
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4. SNOW1:1ELT EPISODIC EVENT 
NORTH SIERRA REGION 

(NSR) 
MELT RATE 

MELT 
Station 1985 

(in/day) 

Lower Lassen Peak 0.22 
Upper Carson Pass 0.58 
Lower Carson Pass 0.59 
Caples Lake 0.49 
Alpha 0.63 
Lost Corner Mountain 0.60 
Highland Meadow 0.32 
Tragedy Creek 0.21 
Blue Lakes 0.41 
Wheeler Lake 0.29 
Pacific Valley 0.52 
Deadman Creek 0.30 
Clark Fork Meadow 0.35 
Giannelli Meadow 0.38 
Lower Relief Valley 0.49 
Soda Creek Flat 0.63 
Stanislaus Meadow 0.51 
Eagle Meadow 0.55 
Herring Creek 0.54 

RATE 
1986 

(in/day) 

0.37 
0.46 
0.49 
0.58 
0.52 
0.18 
0.30 
0.24 
0.33 
0.39 

0.29 
0.36 
0.19 
0.45 
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5. LAKE STRATIFICATION DEPTH 

,--------------------,------------,---------,---------,
IL.AKE NAME I DATE !DEPTH (m) !Reference! 
,--------------------,------------,---------,---------,
!LATE SPRING MELT I 
,--------------------,------------1---------1---------1
!Lake Agnew I 29-Jun-87 I 5.0 !Lund I 
!Gem Lake I 29-Jun-87 I 5.0 !Lund I 
Lundy Lake I 25-Jun-87 I 4.0 !Lund I 
Sabrina Lake I 24-Jun-86 I 3.0 !Lund I 
Sabrina Lake I 30-Jun-87 I 7.0 !Lund I 
South Lake I 24-Jun-86 I 4.0 !Lund I 
South Lake I 30-Jun-87 I 7.5 !Lund I 
Waugh I 29-Jun-87 I 3.5 !Lund I 
Ellery I 25-Jun-86 I 3.0 !Lund I 
--------------------1------------1---------1---------1 
Stn-:1MER I 
--------------------1------------1---------1---------1 
Lake Agnew I 26-Aug-86 I 9.5 !Lund I 
Lake Agnew I 25-Aug-87 I 10.5 !Lund I 
Gem Lake I 08-Jul-86 I 6.5 !Lund I 
Gem Lake I 25-Aug-87 I 8.5 !Lund I 
Lundy Lake I 25-Aug-86 I 4.0 !Lund I 
Lundy Lake I 23-Aug-87 I 6.5 !Lund I 
Sabrina Lake I 19-Aug-86 I 8.5 !Lund I 

!Sabrina Lake I 24-Aug-87 I 10.5 !Lund I 
!Saddlebag Lake I 25-Aug-86 I 5.5 !Lund I 
!Saddlebag Lake I 29-Aug-87 I 10.5 !Lund I 
!South Lake I 24-Aug-87 I 17.0 !Lund I 
!Tioga Lake I 25-Aug-86 I 6.5 !Lund I 
!Tioga Lake I 23-Aug-87 I 6.0 !Lund I 
!Waugh Lake I 26-Aug-86 I 4.5 !Lund I 
1--------------------,------------1---------1---------1
IEARLY SPRING MELT I 
1--------------------1------------1---------,-_-------1
!Gem Lake I 25-Mar-87 I 2.0 !Lund I 
Sabrina Lake I 18-Mar-87 I 1.5 !Lund I 
Saddlebag Lake I 25-Mar-87 I 2.0 !Lund I 
South Lake I 26-Mar-87 I 2.5 ILund I 
Tioga Lake I 25-Mar-87 I 2.0 !Lund I 
Ellery Lake I 25-Mar-87 I 2.5 !Lund I 
Emerald Lake I 02-Mar-86 I 2.0 IMelack I 
Crystal Lake I 12-Mar-87 I 2.0 !Sickman I 
Pear Lake I 08-Mar-88 I 1.5 !Sickman I 
Pear Lake I 29-Mar-88 I 1.5 !Sickman I 
Ruby Lake I ll-Mar-87 I 2.0 !Sickman I 
Topaz Lake I 08-Mar-88 I 2.0 !Sickman I 
Topaz Lake I 29-Mar-88 I 2.0 !Sickman I 
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6. SNOW SURVEY DATA 
AVERAGE WATER CONTENT OF SNOW, INCHES 

APRIL 1st MEASUREMENTS 
SOUTH SIERRA REGION (SSR) 

(CCSS, 1985 AND 1986) 

AREA. OR~INAOE BASIN. 
""0 

SNOW CCUfiSE 

.CALIF. EL£V 

.M.Jl'tBR. IN 
•. Cll FE.ET 

~~D .. AV ,_l
I WC 

.BEGAN (2) """"· DRA1NAG£ 9ASIN. 
""0 

SNOW COURSE 

.. C~IF. 

.z,.AJMBR... 
(1) 

8..£\1 
IN 

FEET 

.Re:CORO.;.v -~I 

.BEGAN 
I ,2:-:l 

GaiTRAi... \/PLl..EY ME'.A CENTR~ VALLEY AAEA 

KINOS RIV'EA: KAYEAM A: IVER 

BISHOP PASS =· 11::;::oo 1930 J:2.o FAR8'8-L GAP 292 9:100 19::52 3!:., 

CiAALOTTE RIOGiE 299• 10700 19~::S 32. 7 PAHTI-IER MEAOOW 243 8600 192:5 35. 9 

Bl.LL.FROG L.Aa<E '307 ~0"'50 1932 Jo.a 1-«Xi(ETT 1"1€AOOt,,1S 24-4 ~oo· 1930 Z'1.::S 

llENC>t c..AXE 398 10<,00 1973 ,JD.'/ "INERAI.. X::INO 24:5 8000 1948 20. 9 

a.AO<C.AP BASIN =· 10300 19~0 J-4. l 

K.ERN Rl\lER 

RATTL£SNAl<E CREEK BASIN :l9<> 9900 1973 -.o. 7 
BIOMORN f't..ATEAU 2:50• 11:J::50 19.11,9 2~. ~ 

BEAA0 "8'100W =· 7800 1930 32.9 
COTTIJM,,QOD PASS 2:!1• 110~C 19•8 1-4 • .:. 

<.PP8' BURNT CORRAL "ow 224• 7700 1927 36.~ 
SIBERIAN pi.ss 2:52• 10900 1948 l8. 9 

SCEN 1 C "8>00W '397 96:SO 1973 27. Q 
CR'18TREE l"IE~OOM 2:53• 10700 19-49 19.3 

Y t DE:TTE !'EAOOW 309 9:,00 19'56 .22 .. ::S OUYOT FLAT r-.1.• 100:::::m 1949 :o ... 

RO.JND CCRRi=i.L 229• 9000 1938 l='i.S 
SANDY ME!'!JO"S 27~• 106::50 1949 18.7 

~ '11:'.AOOW 22b• 88::!0 1930 '27.o 
TYNOAU. = 2:5::!• 106~0 19'49 Z.8.9 

YXICCl-ftJCX M.EAOOW 227• 8800 1'930 31. ~ 
BIO WtUTNe:Y !"!EADO\.J :Z:,7• 97::!0 1'948 17. 0 

1.CNO !"l'EAOOW =· e:ooc 1930 2,9. 1 
ROCX CREEK :Z-.....b• 7600 19'49 17. 6 

c:oATRIGHi 42b = 1782 J7 .• 
RQUIIIO l"TEAiCOW 7:!:8• 9000 1930 26.I 

STi:lnw1 NEACICM 233• 8'300 19:30 32.h 
R~ l"tEPiOOWS 2:59• 8700 1930 12..0 

tEl.1"1:S 1'1EAOOW 230• 82:00 1930 :Ztt.•) 
t..ITTl.E -'HiiJ'.E.Y l"TEAOOW 260• a,soo 1930 1•.1. 

,osT CQRR,:l,L r-lEAOOM 234 8200 1930 26. J 
o=.SA \IIEJA ME'.A0Ql,,IS 26:Z• 8400 19:30 2:0.3 

OOosc::NS P1EACOW 308• 11():,0 19"" 29. •J 
OUlr-N"I RANGER STATION 2bA• 8'3:50 19:30 20. S 

IIONITI> ,,,;;AOQWS 261• 8'00 1930 14. 3 



49 7. SNOW SURVEY DATA 
AVERAGE WATER CONTENT OF SNOW, INCHES 

APRIL 1st MEASUREMENTS 
CENTRAL SIERRA REGION (CSR) 

(CCSS, 1985 AND 1986) 

AREA, DRAINAGE BASIN .. ,CAl.lF. ELEY ,1!£COA0.AV """' AREA, ORA1"""'3E 9ASIN, .CAI.IF. ELEV .RECORO.,W APR 
ANO ,..Nl.JMBR. IN I i..c: ANO .NUl"!BR. IN 1 i..c: 

SNOW COURSE Ill FEET ,BEOAN (2) SNOW cou,sE <I l FEET .SEOAN (2) 

CS<Tl'IAI,, VAi.LEY AREA CENTRAL. VALL..EY AREA 

TUOLUNNE RIVER SAN .ioAQUIN RI= 

_.., l-£AOOWS 1~.'7• 98:50 l'nb JO. 0 t1DNO PASS 192 [14:50 19'50 JI-? 

_RAFFERTY 11EAOOWS 1'59 9400 1948 31.l PIUTE l=IASS 193 11:300 1930 35.7 

BONO PASS 1:S9• 9300 19..9. ..... : ENERAI.O I.Al<E 184• 10600 194-4 35, a 

NEW ORl>CE 11EAOOW 368• 8900 1960 51.3 PIONEER 8ASIN 276• 10400 19•9 J4.6 

T\JOL.Utvd:: l"E'ADOWS 1<>1 8000 1930 :?::!.6 t-<EART I.Al<E 18:5• 10100 1940 :a. o 

t<ORSE 11EAOOW 1.6.2• 8400 1948 48.4 YOLCANIC KNOB 186• 10100 19-40 30. 1 

OOCOE RIOOE 379 81:50 1970 ,o. a ROSE 11ARIE 187• 10000 1940 29. 1 

WILl'fER LAl<E 143• 8000 14146, 4l. 7 COLSV NEAOOW 188• 9700 1944 il, o 

SACHSE SPRINClS 16:5• 7900 1948 l'J. J AGNEW PASS 189• .94:50 1930 JJ. '1 

Hl.JCJCLEBERRV 1..AKE 164• 7900 19A8 4:2. a DITCH LAKE 191• 9100 19:38 2'1. O 

SPOTTED F'AWN 164• 7800 1948 46. !J KAISER ?ASS 190• 9100 1930 39. !5 

PARADISE 167• noo 194b •o.,) COYOTE LAl<E 192• 88'50 1946 ll,? 

ICERRIO< CORRAi. 348 7000 1961 ~3.:! CORA LAl<ES 193• 8400 1939 l6, 7 

UPPER ICIBBIE RIDOE 168• 6,700 1937 20.a BACOER Fl.AT 346 8300 19b0 31,5 

LOWER l(IBBIE RIDOE 173• <>700 1937 29.l NEU.IE I.Al<E 194 9000 1944 J,6. 0 

VERNON I.Al<E 169• 6700 1947 24. l LAKE THONAS A EDISON 324 7800 19~8 15.8 

BEEHIVE 11EADOW 171• o:500 1930 26. • QHLKOOT I.Al<E 196 7450 1930 37,l 

BEU. 11EADOW 172 6:500 1937 18.4 TAl1AAAQ( CAEEJ< :)47 7250 1960 2:. 7 

FLORENCE U>l<E 198 7200 l'7.10 e.:? 

11ERCEDRIVER CHIU<OOT 11EA00<,1 197 71:50 1930 37,0 

SHOW FLAT 17" 9700 1930 -'3. 4 

OSTRANDER U>l<E 1n 8200 1938 34 •• 
Q..OVER 1"1B\001-' 200• 7000 1939 2:J, O 

r'.JNT I NOTON LAKE 199 7000 1930 17,J 
I.Al<E TENAYA 179 81~0 1930 33,2 

OIN Fl.AT 179 7000 1930 )3.7 
..JACKASS NEAOOW 201• b9'50 1939 23,5 

PEREOOY 11EA00"5 180 7000 1931 Jl. 9' 
CHIQUITO CREEK 202• 6800 1939 21- '1 

PO !SON 11EADOW 204 6800 1944 • 2:s. ~ 
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50 8. SNOW SURVEY DATA 
AVERAGE WATER CONTENT OF SNOW, INCHES 

APRIL 1st MEASUREMENTS 
NORTH SIERRA REGION (NSR) 

(CCSS, 1985 AND 1986) 

MEA• ORAINME BASIN. .CAI..IF .. El.EV • R.EC::lRP .AV >PR 
AND .NUr,SR.. IN I we 

SNOW COURSE ( 1) FEET .BEG.:i.N <2) 

------------

CENTRAf.. VALLEY AREA 

FEATI-i€R RIVER 

L01"£R LASSEN PE-"" 

><ETTl.E Roa< 

tlOUNT OYER 1 

GRIZZLY 

i,;t.JREKA BO"'-

PILOT PEAK 

CHURCH 11EAIX><'S 

MOlJNT HOUOH 

RC'"'---ANO CREEK 

11-IREE LAKES 

SJREKA LAKE 

HiCiRl<NESS :F-1..AT 

r,:J:UNT CY'EFI. 2 

P'IILL. CREEK Ft.AT 

FREDONYER PASS NO. 3 

FRENCHl'IAN COVE 

FREDONYER PASS 1 

ABSEY 

ANTELCPE RIOOE 

LETTERBOX 

MOUNT STOVER 

Bfl:OWNS CAl'tP 

FEAntER RIVER l"£AIX><'S 

WAANER CREEK 

47 8~0 1930 eo.o 

3"1 7300 196::i 2:'.i.0 

48 7100 J.93O ::~ ... 
3"19 1,900 \96:5 3L9 

279 0800 1.940 44.3 

388• "800 197~ "'9.3 

1.931 32. J 

3"0 6700 196:S 31.8 

2130 6700 19'!':0 L7. 9 

:l:3• .62:50 1930 39. 9 

7!5 1>700 

52 1,200 1939 l3.1 

'51• 6200 193.0 2s.a 

19~::! 17. ::!290 "°"° 
:54• :5900 1930 39.7 

387 "880 1'172 3.0 

3:53 :5800 1963 2.7 

!10• :5750 1930 8.7 

3:5:5 1963 9.8= 
= 1963 3.8.3:54 

49• '51,00 19~0 :50.4 

~ :5600 l931 10. 4 

:56 '5400 1737 24.:::1'. 

:511 :5400 1930 :?.3.1 

:59• 5100 1930 1::5 • ., 

>PR
AREA• 0RAINACU:'. BASIN• .CALIF. aE:V • Rf.CIJRD. iW 

.. NlJHBR.. IN 1 weANO 
(1) FtET .BEGAH C!)SNOW COURSE 

COffRAL VALLEY ""8> 

STCNV CREEK 

ll-4NTHONY PEAK 

YUBA RIVE'.R 

CASTLE CREEK 5 

?'tEAQO\I !_AKE 

RED nOUIITA IN 

ENGL I SH 1'10UNI A [N 

CONNER SlJtl,MIT 

FURNACE FL.AT 

YUSA PASS 

FlNa....EY PEAA 

l..AJ<E: ~OROYCf: 

iROB INSON COW CAMP 

SUNNYSIDE l'IEAQC1'.I 

CISCO 

0-l"PMAN CREEK 

ll0'"'1AN u>KE 

t.,:EXINOTON 

0 I BSONV ILLE 

LAKE Sl"AUt..OlNO 

LAKE SPAIJUJ ING Z 

---------------

62 6200 19-4-4 ~9 .6 

65 7400 1946 53.3 

,.,. 7200 19~0 '54 • .::i 

1,7• 7200 t.?111 48. fl 

b8 7100 t 9:i 44. 0 

69• 6900 L9t IJ 39. ~ 

76• 6700 t9! 8 46. a 

74 6700 1937 31. r, 

· 78 o:ioo 1927 2'9, .3 

77• 6,~00 1918 40. I 

389• 6,-480 197:: 47. 2 

390• 6200 197:': 60. l 

80 5900 1918 26. 6 

372 :19:10 l9t'lF.I 2'!S. -4 

83 :5b:S0 19:?.7 2L7 

391 ~00 197:?. 3•. l 

277 :scoo 19~0 30. 9' 

8'5 '5200 L9:7 2".o 

409 :l:ZW 1976 1~. 7 



51 8. SNOW SURVEY DATA 
AVERAGE WATER CONTENT OF SNOW, INCHES 

APRIL 1st MEASUREMENTS 
NORTH SIERRA REGION (NSR) 

(CCSS, 1985 AND 1986) 
(CONT.) 

----------------------- -------------------- ..--
ME;,. DRAINAGE 8ASIN. .CAt.IF. E1.EII .RECOR0.;4Y - AREA, nRAlHAGE 9ASIH, .CALlF. ELEV .RF.CORD.,\U .... 

AND .MJMBR. IN I liC •NO .HtJP'l!l~. IN I WC 
SNQl.l COi.JASE Cll FEET .BECl"N (4) SHON COURSF. (Jl FF.ET .Bf;ljAN (2) 

__________________________________ ..., __________________________ 

CENTRAL VAI.I.EY AREA C:£1iTRAL UAL LEY AREA 

AMERICAN RIVER ft0KF.l.lJl1Nr'. ~IVF.R 

UPPER CAASON PASS 106• ~00 1930 J5. ~ HlfjHLAND P1EADOW l2l1t 0000 \9:i'.:? .\7.? 

I.COJcR CARSON PASS Xll 8400 1951 J9.2 TRAGF.DT CRF.F.K J.;• 81~0 L9,.,::; 46. d 

~s L.AKE 107 8000 1939 JO. 9 LAKES" 1291t eooo 1'1t8 3'5."Pt.UE 

ALPHA 36:S~ 7600 1965 37. 1 WHF.F.t.F.R LAKE 131 7800 1937 5J.• 

LOST CORNER l"IOUNfAIN ::J33• 7::500 19~9 34. J ,-ittCIFIC VALLEY l321t 7~00 \9JO lB ■ ~ 

ECMO SU"'1IT 108 74:SO 1'940 36. 7 Fl.AT IJJ 7200 1938 41.::CORRAL 

LAKE AUCRAJN 110 7:JOO 19•41 36.: 
P'OCIESTA 363 7200 1965 ·•· 7 

CARRINOTON Ill '7100 194\ lC. 7 
BEAR VALLEY RlDlif: I tJ•• 67()0 1930 25.J 

5ILVER LAKE 109• 7100 1?30 22. 7 
LUHBERYARO 135 6:500 1937 32. 1 

1-MIUHTS t...AKE 3U,tt b900 17:5b J4. 4 
HAHS ~TATlOH IJ& :,-:soo 1937 7. 9 

PHIU.IPS 113 "800 1941 :9.J 

LYONS CREEK 320 b700 19"37 33.7 

HJYSINK 11:5 boOO 19:37 46. 7 
STAN1Sl.~U$ RIVER 

TAMARAO< FLAT 289 6:5:iO 1939 29. O 
DEAIIHAN CRE;EI< 34:Slf 92~0 1960 35. 7 

WABENA l"IEAOOWS 114 (>300 1937 43.:t J.\41t 8900 196Q 40. 0Cl.ARK FORK "F.AUOW 

19B4 48. 9OIANNELLI l"IEADOW 427 B400 
"!RANDA CABIN 3b9 b200 l9b7 43.0 

l.DMF.R RELlEF \JALL.F.Y t38• 8100 1930 .. II). 0 
ONION CREEK 120 6100 19:37 21.9 

SODA CREEK FLAT tl9'• 7800 1931 22.5 
DIAMOND CROSSINO 371 b0:50 1907 2b.5 

SIXMil..E VAl-LEY 123 :57!50 1930 23 . .& STANISLAUS WEAOOM JB• 7750 1971 48.3 

TALBOT CAMP 122 :17:SO 1940 21.' 140• 7500 1931 :::Z4- 9'!AGLE 11EADOM 

HERRlNG CREEK 142 7300 1937 29.8
STRAWBERRY 124 :5700 1942 8.:5 

RELIEF OAH 143• 7250 1930 20.4
ROBBS VALLEY 32:Z :5b00 1?32 21..:: 

41& 1978 37.&BLOODS CREF.K 7200
CAAPENTER FLAT 128 :5300 1946. 17.3 

IC£ lOJS£ 127 :5300 11'3"2 ... 
41' 6800 1978 3'2.3GARtrNER l"IEADOM 

1.. 6600 1?37 29.5~PlCERS 

373 6550 1'168 ;:4. 7HELLS KITCHF.H 

JS6 6:500 197i 25.7Bl.ACK SPRING 

NIAGARA Ft.AT 1•5 6:500 1930 2J. J 

4750 5. 0DORRINGTON IH 1738 

https://TRAGF.DT
https://VAI.I.EY
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9. PRECIPITATION STATIONS UTILIZED FOR THE SUMMER 
EPISODIC EVENTS AND STATION ELEVATIONS 

(NOAA) 

I STATION IELEVATION I 
I I (ft.) I 
1---------------------------1---------1 
INorth Sierra Nevada I I 
11) Truckee Ranger Station I 5995 I 
12) Tahoe City Station I 6230 I 
13) Sagehen Creek Station I 6337 I 
1---------------------------1---------1 
!Central Sierra Nevada I I 
11) Twin Lakes Station I 8000 I 
12) Gem Lake I 8970 I 
13) Ellery Lake I 9645 I 
1---------------------------1---------1 
I South Sierra Nevada I I 
11) Lodgepole Station I 6735 I 
12) Grant Grove I 6600 I 
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10. DATA COLLECTION FOR THE Sill-'.ll'1ER EPISODIC EVENTS 

RAIN INTERARRIVAL TIME AND AMOUNT OF 
PRECIPITATION (NOAA) 

Lodgepole Station 
DATE AMOUNT OF RAIN INTERARRIVAL 

OF EVENT PPT. (in.) TIME (days) 

7/8-7/10/83 0.58 57 
7/15-7/19/83 1.56 3 
7/14/84 0.16 67 
7/16-7/18/84 1.42 11 
7/13-7/24/84 0. 64 1 
7/20/85 0.23 47 
7/22-7/25/86 0.57 41 
8/21/86 0.11 26 
7/14/87 0.01 34 
8/25/87 0.05 41 

Grant Grove Station 
DATE AMOUNT OF RAIN INTERARRIVAL 

OF EVENT PPT. (in.) TIME (days) 

8/8/83 0.07 57 
8/18-8/21/83 0.49 2 
7/13-7/14/84 0.05 26 
7/22-7/23/84 0.57 3 
8/16/84 0.2 23 
7/17/85 0.04 43 
7/22-7/23/86 0.06 51 
8/21/86 0.1 28 
8/31/87 0.24 84 

Twin Lakes Station 
DATE AMOUNT OF RAIN INTERARRIVAL 

OF EVENT PPT. (in. ) TIME (days) 

8/7-8/8/83 0.07 50 
8/14/83 0.41 3 
8/19-8/21/83 0.48 1 
8/30-8/31/83 1.50 8 
7/16-7/17/84 0.92 30 
7/10/85 0.12 37 
8/17/85 0.28 20 
7/21-7/26/86 2.2 28 
8/20/86 0.08 24 
7/14/87 0.11 17 
8/30/87 0.03 46 
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Ellery Lake Station 
DATE AMOUNT OF RAIN INTERARRIVAL 

OF EVENT PPT. (in.) TIME (days) 

8/3-8/5/83 0.16 40 
7/17-7/11/84 0.16 13 
7/18/84 2.26 6 
8/21/84 1.52 4 
7/20/85-7/27/8 0.94 7 
8/15/85 0.08 18 
7/23-7/26/86 1.19 37 
8/17/86 0.8 21 
7/1/87 0.06 14 
7/15-7/16/87 0.64 8 

Tahoe City Station 
DATE AMOUNT OF RAIN INTERARRIVAL 

OF EVENT PPT. (in.) TIME (days) 

7/21/83 0.13 20 
8/8-8/11/83 0.14 36 
8/15-8/16/83 0.44 3 
7/16-7/17/84 0.11 29 
8/22/84 0.02 28 
7/22/85 0.21 48 
8/18/85 0.10 13 
8/31/85 0.01 12 
7/23/86 0.59 39 
8/20/86 0.02 24 
7/13/87 0.04 11 

Gem Lake Station 
DATE AMOUNT OF RAIN INTERARRIVAL 

OF EVENT PPT. (in.) TIME (day) 

8/8-8/11/83 0.38 55 
8/14-8/19/83 0.58 2 
8/30-8/31/83 0.94 1 
7/5/84 0.14 17 
7/17-7/20/84 0.42 1 
7/30-8/1/84 0.98 4 
7/19/85 0.06 28 
7/23/86 0.08 52 
8/28/86 0.02 33 
8/23/87 0.02 28 
7/16/87 0.02 12 
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Truckee Ranger Station 
DATE AMOUNT OF RAIN INTERARRIVAL 

OF EVENT PPT. (in.) TIME (days) 

7/2/83 0.09 20 
8/9-8/11/83 0.27 37 
8/15-8/16/83 1.17 3 
7/22-7/23/84 0.68 4 
7/6/84 0.03 19 
7/18/84 0.13 12 
8/22/84 0.05 21 
7/21-7/22/85 0.08 30 
8/18/85 0.04 21 
8/30/85 0.06 11 
7/22-7/27/86 0.47 41 

Sagehen Station 
DATE AMOUNT OF RAIN INTERARRIVAL 

OF EVENT PPT. (in.) TIME (days) 

7/2/83 0.05 20 
7/10/83 0.03 38 
7/13-7/14/83 0.70 2 
7/19-7/21/83 0.47 3 
7/5/84 0.11 19 
7/23-7/24/84 0.67 5 
8/21/84 0.1 20 
7/22/85 0.17 31 
7/25-7/26/85 0.44 3 
8/17/85 0.02 21 
8/30/85 0.12 12 
7/21/86 0.02 37 
7/1/87 0.06 15 
7/17-7/18/87 0.09 15 
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11. HYDROGEN ION CONCENTRATION OF PRECIPITATION 

DURING THE SUMMER SEASON 
NADP and CARB Precipitation Stations 

HYDROGEN ION 
STATION DATE (ueq/L) 

Giant Forest 7/22-7/29/80 3.98 
Giant Forest 7/21-7/27/82 64.57 
Giant Forest 8/3-8/l'J/82 11.22 
Giant Forest 8/24-8/31/82 42.68 
Giant Forest 8/2-8/9/83 36.31 
Giant Forest 8/9-8/16/83 19.95 
Giant Forest 7/11-7/17/84 16.98 
Giant Forest 7/17-7/24/84 28.18 
Giant Forest 8/14-8/21/84 10.0 
Giant Forest 7/22-7/29/86 11.48 
Giant Forest 8/19-8/26/86 28.84 
Mammoth Mountain 8/27-9/3/85 1.29 
Mammoth Mountain 7/22-7/29/86 13.18 
Yosemite National Park 8/3-8/10/82 1.2 
Yosemite National Park 8/24-8/3/82 33.1 
Yosemite National Park 8/9-8/16/83 5.25 
Yosemite National Park 8/16-8/23/83 28.18 
Yosemite National Park 8/30-9/6/83 24.0 
Yosemite National Park 7/10-7/17/84 1.07 
Yosemite National Park 7/17-7/24/84 0.7 
Yosemite National Park 8/21-8/28/84 1.32 
Yosemite National Park 8/13-8/20/85 19.95 
Yosemite National Park 8/27-9/3/85 2.04 
Lake Tahoe 7/22-7/26/86 19.95 
Lake Tahoe 7/16-7/23/85 12.59 
Lake Tahoe 7/23-7/30/85 12.3 
Lake Tahoe 8/13-8/20/85 13.49 
Lake Tahoe 8/27-9/4/85 12.02 
Soda Springs 8/27-9/3/85 18.20 
Soda Springs 7/22-7/30/86 30.2 
Soda Springs 8/15-8/26/86 37.15 


