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SUl\fMARY OF FECAL COLIFORM STATISTICS ON MEISS GRAZING
ALLOTMENT··1999 AND 2000 SEASONS AND RECOMMENDATIONS FOR 2001
SEASON

BACKGROUND

Thank you for the recent submittal of information on fecal coliform monitoring at the LTBMU
Meiss Grazing allotment. Regional Board staff have reviewed the "Meiss Grazing Allotment
Water Quality 2000 Report" and the proposed 2001 grazing strategy for the Meiss allotment.
Staff did not re-evaluate pre-1999 data since this data was evaluated in the Regional Board's
August 25, 1999 Notice of Violation and LTBMU narrative concurs that the data shows
violations of fecal coliform water quality objectives were associated with the onset of grazing
during these years. We have re-evaluated monitoring data from 1999 and 2000 grazing seasons,
and have prepared some summary figures and tables to illustrate water quality trends with
respect to violations of numerical water quality objectives of the Water Quality Control Plan for
the Lahontan Region (1995) which states:

"The fecal colifonn concentration during any 30-day period shall not exceed a log mean of 20/100
ml, nor shall more than 10 percent of all samples collected during any 30-day period exceed
40/100 mI."

There was a misunderstanding of these criteria in the LTBMU Report, which gave absolute
values exceeding 20 coionies/IOO ml as a violation rather than the correct 30-day log nonnalized
value. Lumping of up-, mid-, and down-stream samples does not provide the best representation
of background fecal coliform or of potential grazing impacts, so each sample site was treated
separately. All data and calculations of violations are given in Appendix 1.

California Environmental Protection Agency

The energy cii211enge facing CalifolTlia is real. Every CalifolTlian needs to take immediate action to reduce energy
consumptiOl'. For a iist of simple ways JOU can reduce demand and cut your ene.~l!,Y costs. see our Web-site at
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Comparisons of Data and Violations with and without Livestock

Figures 1-6 show the 30-day log nonnalized data with time by station, comparing grazing (1999)
with no grazing (2000). Figure 1 (BM-I - Big Meadows downstream station) illustrates the
nearly lO-fold increase in fecal colifonn during the grazing season. The 3D-day log mean 20
standard was violated fOUf times during July 16-0ctober 1, 2000 (non-grazed) indicating the
level of non-grazing impacts (horses, hikers, campers, dogs, wildlife, etc.) for that year. Figure 2
(BM-2) shows consistent violations with grazing and no violations without grazing. Figure 3
(BM-3, upstream) shows for the grazing period of July 16 through October 1, four out of six data
in violation with grazing and two out of ten data in violation without grazing.

The Dardanelles (Meiss) grazing allotment showed violations of the log mean 20 standard in the
late grazing season when livestock were present for only the M-2 (Figure 5) and M-3 (Figure 6)
sites. No violations were found on M-I (Figure 4) for either year.

Table 1 is in response to LTBMU Figure 8, using the correct absolute value of 40 colonies/IOO
ml for violations. Rather than lump the data for alJ stations, down-, mid- and up-stream samples
were analyzed separately. Table La. gives the number of violations by station, year, and period
(pre-graze vs. grazed). Table l.b. gives the corresponding percentage exceeding the> 40
colonies/lOO ml standard. The Big Meadows 2000 pre-graze period (early summer) was unusual
for violations as compared to prior years when no violations were measure-d. However, during
the grazing period of July 16-0ctober 1, 1999 ~~:rr;:'L', '. <: !i,,"(>'""""'~; Fi'-:S;:;lt lwei violations from
50~70% of the time, whereas the corresponding 20uO S(:<}.::i01i penod had only 0-9% violations
without livestock present.

There were no pre-graze period violations at DardanelJes. Results for the grazing period ranged
from 0-31 % (average of 20%) grazed and 0-18% (average of 6%) not grazed.

Evaluation of Violations and Strategies for the 2001 Season

Table 2 gives the average fecal coliform value and the corresponding 95% confidence interval
for the 2000 (no livestock present) grazing period data on the Big Meadows allotment. In no
cases, did the average plus the confidence interval exceed 40. Figure 3 likewise gives the
average fecal colifonn value and the corresponding 95% confidence interval for the 2000 (no
livestock present) grazing period data on the Dardanelles allotment. The average plus
confidence interval for station M-l is 41, a minor amount above the standard, but above it
nonetheless. The sum of average and confidence intervals for Stations M-2 and M-3 are well
below 40.

These data suggest that the 40 colonies /100 ml standard is an appropriate standard that is
achievable, but that the possibility of recording spurious data above 40 exists in some instances.
The LTBMU proposed 200 1 grazing strategy is for the most part appropriate. "It states that:
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.. lifonn levels exceed the state standard between July 16 and August 6 for two

or more samples fore the on-date, there will be no livestock use for the season."

Since it is apparent from the data that more violations of the Regional Board's fecal colifonn
water quality objective occur and higher numbers of fecal coliform are detected during grazing
activities, we support your decision to either significantly limit or eliminate grazing to meet the
Regional Board's fecal colifonn water quality objective. If you decide to allow limited grazing
in 2001, we recommend increased herding as a requirement and removal of cattle if two or more
samples exceed the Regional Board standard after grazing has commenced (given the
uncertainties associated with variable data in the 2000 samples).

Recreation Strategy and Continued Monitoring

The data indicates violations of Regional Board fecal' colifonn water quality objectives during
periods when no grazing occurs. We are concerned that recreational use contributes to these
violations. Regardless of whether grazing occurs in 2001, we request the LTBMU continue fecal.
colifonn monitoring at the same level as 2000.

Further, we request the LTBMU submit a recreation strategy to reduce discharges that may
contribute to fecal coliform contamination. We suggest an aggressive education campaign
coupled with increased compliance assurance activities (monitoring, surveillance, enforcement),
focused on proper human waste disposal and animal waste disposal (e.g. leashing, bagging
waste, etc.). Please submit a Recreation Plan to prevent fecal colifonn contamination from
human activities by April!, 2001.

Should you have any questions, please contact Dr. Bruce Warden, Environmental Specialist III at
(530) 542-5416 or me at (530) 542-5436.

Sincerely,

tl:i~ i. c\ TlW:uf\
~:........~ Lauri Kemper

Chief, Lake Tahoe Watershed Unit

Attachments: Appendix 1: Meiss Grazing Allotment Data and Violations for 1999 and 2000
Seasons

cc: League to Save Lake TahoelDave Roberts

BW/shT:LTBMU.FecaI.Stats.99-00



Figure 1:

Big Meadows Station 1:
Comparison of Violations with Grazing and No Grazing
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Figure 2:

Big Meadows Station 2:
Comparison of Violations with Grazing and No Grazing
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Figure 3:

Big Meadows Station 3:
Comparison of Violations with Grazing and No Grazing
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Figure 4:

Dardanelles Station 1:
Comparison of Violations with Grazing and No Grazing
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Figure 5:

Dardanelles Station 2:
Comparison of Violations with Grazing and No Grazing
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Figure 6:

Dardanelles Station 3:
Comparison of Violations with Grazing a'nd No Grazing
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Table 1: Meiss Allotment Grazing 1999-2000 Comparisons*

a. Number of Values Exceeding 40 CFUl100 ml in > 10% of Samples over a 30 day period.

Pre-Graze Period Grazing Period
Station 1999 2000 1999 2000
BM-1 0 3 7 1
BM-2 0 2 5 0
BM-3 0 2 5 0
N = # of
samples I
station 10 10 10 11
M-1 0 0 0 2
M-2 0 0 4 0
M-3 0 0 4 0
N = # of
samples I
station 2 4 13 11
N = number of samples events for each station.

b. Percent of Samples Exceeding >40 Standard.

Pre-Graze Period Grazing Period
Station 1999 2000 1999 2000
BM-1 0% 30% 70% 9%
BM-2 0% 20% 50% 0%
BM-3 0% 20% 50% 0%

M-1 0% 0% 0% 18%
M-2 0% 0% 31% 0%
M-3 0% 0% 31% 0%

* Note 1999 season had grazing during the grazing period;
2000 season had no grazing during that same period.



Table 2: USFS LTBMU 2000 Grazing Period - Fecal Coliform Data
8ig Meadows

Station1 Sample Date Fecal Calif. Confidence Int. (95%)
8M1 7/20/00 34
8M1 7/28/00 1
BM1 8/3/00 41

BM1 8/10100 23
8M1 8/15/00 26
8M1 8/21/00 25
8M1 8/28/00 21
8M1 9/7/00 9
8M1 9/11/00 1
8M1 9/18/00 5
8M1 9/25/00 1
Average 17 8

8M2 7/20/00 36
8M2 7/28/00 1
BM2 8/3/00 17
8M2 8/10/00 20
BM2 8/15/00 7
8M2 8/21/00 5
8M2 8/28/00 20
BM2 9/7/00 22
BM2 9/11/00 2
8M2 9/18/00 1
8M2 9/25/00 1
Average 12 7

8M3 7/20/00 31
8M3 7/28/00 11
8M3 8/3/00 19
BM3 8/10/00 16
8M3 8/15/00 6
BM3 8/21/00 8
BM3 8/28/00 5
BM3 9/7/00 28
8M3 9/11/00 5
8M3 9/18/00 3
8M3 9/25/00 0

Average 12 6
Overall Statistics 14 7

1 8M =Big Meadows.
Stations numbered consecutively downstream-to-upstream.



Table 3: USFS LTBMU 2000 Grazing Period - Fecal Coliform Data
Dardenelles (Meiss)

Station1 Sample Date Fecal Calif. Confidence Int. (95%)
M1 7/18/00 • 22

M1 7/27/00 97
M1 8/3/00 77
M1 8/10/00 1
M1 8/15/00 1
M1 8/21/00 14
M1 8/28/00 5
M1 9/7100 2
M1 9/11/00 16
M1 9/18/00 1
M1 9/25/00 0

IAverage 21 201

M2 7/18/00 5
M2 7/27/00 4
M2 8/3/00 5
M2 8/10100 1
M2 8/15/00 2
M2 8/21/00 4
M2 8/28/00 14
M2 9/7100 4
M2 9/11/00 1
M2 9/18/00 7
M2 9/25/00 0

IAverage 4 21

M3 7/18/00 0
M3 7/27100 32
M3 8/3100 31
M3 8/10/00 2
M3 8/15/00 13
M3 8/21/00 3
M3 8/28/00 10
M3 9/7/00 11
M3 9/11/00 0
M3 9/18/00 1
M3 ,9/25/00 0

IAverage 9 71
IOverall Statistics 12 101

1 M =Dardanelles (Meiss).
Stations numbered consecutively downstream-to-upstream.



APPENDIX 1:: Meiss Grazing Allotment Data and Violations for 1999 and 2000 Seasons



8M 1999 Violations

USFS LTBMU 1999 Season - Fecal Coliform Data
Big Meadows

FROM 30·Days To #/100 mL 30 -day
Station1 Sample Date Date (inclusive) Fecal Colif. log FC log mean NOTES2

8M1 6/26/99 0 1E-07 1\

8M1 7/3/99 4 1.38629 I
8M1 7/6/99 18 2.89037 I
BM1 7/8/99 7 1.94591 I
8M1 7/10/99 06/11/99 9 2.19722 5 pregraze
8M1 7/20/99 08/18/99 6 1.79176 164 graze: violations >Iog mean 20
8M1 7/26/99 08/24/99 328 5.79301 229 graze: violations >Iog mean 20; >40
8M1 8/4/99 09/02/99 872 6.77079 210 graze: violations >Iog mean 20; >40
8M1 8/8/99 09/06/99 420 6.04025 95 graze: violations >Iog mean 20; >40
8M1 8/16/99 09/14/99 85 4.44265 57 graze: violations >Iog mean 20; >40
8M1 8/22/99 09/20/99 62 4.12713 44 graze: violations >Iog mean 20; >40
8M1 9/4/99 10/03/99 37 3.61092 41
8M1 9/11/99 10/10/99 55 4.00733
8M1 9/19/99 10/18/99 29 3.3673
8M1 9/25/99 10/24/99 49 3.89182 -8M1 10/9/99 4 1.38629 1\

8M1 10/16/99 1 0 I
8M1 , 10/18/99 14 2.63906 I
8M1 10/30/99 17 2.83321 I
8M1 11/6/99 10/08/99 5 1.60944 5 postgraze

8M2 6/26/99 3 1.09861 1\

8M2 7/3/99 1 0 I
8M2 7/6/99 22 3.09104 I
8M2 7/8/99 10 2.30259 I
8M2 7/10/99 06/11/99 6 1.79176 5 pregraze
8M2 7/20/99 08/18/99 11 2.3979 96 graze: violations >Iog mean 20
8M2 7/26/99 08/24/99 107 4.67283 105 graze: violations >Iog mean 20; >40
8M2 8/4/99 09/02/99 259 5.55683 105 graze: violations >Iog mean 20; >40
8M2 8/8/99 09/06/99 282 5.64191 62 graze: violations >Iog mean 20; >40
8M2 8/16/99 09/14/99 41 3.71357 40 graze:violations >Iog mean 20; >40
8M2 8/22/99 09/20/99 40 3.68888 38 graze: violations >Iog mean 20
8M2 9/4/99 10/03/99 31 3.43399 23 graze: violations >Iog mean 20
8M2 9/11/99 10/10/99 52 3.95124 graze: violations >40
8M2 9/19/99 10/18/99 33 3.49651
8M2 9/25/99 10/24/99 5 1.60944
8M2 10/9/99 7 1.94591 1\

8M2 10/16/99 10 2.30259 I
8M2 10/18/99 6 1.79176 I
8M2 10/30/99 11 2.3979 I
8M2 11/6/99 10/08/99 4 1.38629 7 postgraze

8M3 6/26/99 0 1E-07 /I

8M3 7/3/99 11 2.3979 I
8M3 7/6/99 4 1.38629 I
8M3 7/8/99 4 1.38629 I
8M3 7/10/99 06/11/99 0 1E-07 3 pregraze
8M3 7/20/99 08/18/99 10 2.30259 4 graze
8M3 7/26/99 08/24/99 29 3.3673 45 graze: violations >Iog mean 20
8M3 8/4/99 09/02/99 52 3.95124 44 graze: violations >Iog mean 20; >40

Page 1 of 8



8M 1999 Violations

USFS LTBMU 1999 Season - Fecal Coliform Data
8ig Meadows

FROM 30·Days To #/100 mL 30 -day

Station1 Sample Date Date (inclusive) Fecal Calif. log FC log mean NOTES2

8M3 8/8/99 09/06/99 50 3.91202 43 graze: violations >Iog mean 20; >40
8M3 8/16/99 09/14/99 56 4.02535 32 graze: violations >Iog mean 20; >40
8M3 8/22/99 09/20/99 42 3.73767 19 graze: violations >40
8M3 9/4/99 28 3.3322

8M3 9/11/99 15 2.70805
8M3 9/19/99 7 1.94591
8M3 9/25/99 189 5.24175 graze: violation >40
8M3 10/9/99 17 2.83321 II

8M3 10/16/99 1 0 I
8M3 10/18/99 0 1E-07 I
8M3 10/30/99 0 1E-07 I
8M3 11/6/99 10/08/99 2 0.69315 2 postgraze

1 USFS Allotments: 8 = 8aldwin; 8M = 8ig Meadows; M = Meiss. Stations
numbered consecutively downstream-to-upstream. .

2 The fecal coliform concentration during any 3D-day period shall not exceed a
log mean of 20/100 ml, nor shall more than 10 percent of all samples collected
during any 3D-day period exceed 40/100 ml.

Page 2 of 8



FROM 3D-Days To #/100 mL 30 -day
Station1 Sample Date Date (inclusive) Fecal Colif. log FC log mean NOTES2

M1 7/12/99 0 1E-07 pregraze
M1 7/18/99 08/16/99 1 0 5 graze
M1 7/25/99 08/23/99 0 1E-07 9
M1 8/1/99 08/30/99 13 2.56495 16
M1 8n/99 09/05/99 26 3.2581 10
M1 8/16/99 09/14/99 10 2.30259 5
M1 8/22/99 09/20/99 18 2.89037 3
M1 9/4/99 10/03/99 2 0.69315 1
M1 9/12/99· 10/11/99 2 0.69315 3
M1 9/19/99 10/18/99 1 0 6
M1 9126199 10/25/99 1 0 11
M1 10/10/99 29 3.3673
M1 10/17/99 40 3.68888
M1 10/31/99 15 2.70805 cows not gone till 10/31
M1 11/6/99 1 0

M2 7/12/99 0 1E-07 pregraze
M2 7/18/99 08/16/99 1 0 2 graze
M2 7/25/99 08/23/99 2 0.69315 4
M2 8/1/99 08/30/99 2 0.69315 5
M2 8/7/99 09/05/99 4 1.38629 13
M2 8/16/99 09/14/99 3 1.09861 21 graze: violations >Iog mean 20
M2 8/22/99 09/20/99 25 3.21888 31 graze: violations >Iog mean 20
M2 9/4/99 10/03/99 92 4.52179 30 graze: violations >Iog mean 20; >40
M2 9/12/99 10/11/99 27 3.29584 27 graze: violations >Iog mean 20
M2 9/19/99 10/18/99 14 2.63906 65 graze: violations >Iog mean 20
M2 9/26/99 10/25/99 22 3.09104 109 graze: violations >Iog mean 20
M2 10/10/99 67 4.20469 graze: violations >40
M2 10/17/99 871 6.76964 graze: violations >40
M2 10/31/99 67 4.20469 graze: violations >40
M2 11/6/99 11 2.3979

Dardanelles 1999 Violations

USFS LTBMU 1999 Season - Fecal Coliform, Data
, Dardenelles (Meiss)
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Dardanelles 1999 Violations

USFS LTBMU 1999 Season - Fecal Coliform Data
Dardenelles (Meiss)

FROM 3D-Days To #/100 mL 30 -day
Station1 Sample Date Date (inclusive) Fecal Col if. log FC log mean NOTES2

M3 7/12/99 1 0 pregraze
M3 7/18/99 08/16/99 1 0 1 graze
M3 7/25/99 08/23/99 0 1E-07 1
M3 8/1/99 08/30/99 1 0 1
M3 8/7/99 09/05/99 0 1E-07 2
M3 8/16/99 09/14/99 1 0 6
M3 8/22/99 09/20/99 4 1.38629 17
M3 9/4/99 10/03/99 6 1.79176 20
M3 9/12/99 10/11/99 60 4.09434 25 graze: violations >Iog mean 20; >40
M3 9/19/99 10/18/99 58 4.06044 27 graze: violations >Iog mean 20; >40
M3 9/26/99 10/25/99 7 1.94591 21 graze: violations >Iog mean 20
M3 10/10/99 15 2.70805
M3 10/17/99 83 4.41884 graze: violations >40
M3 10/31/99 78 4.35671 graze: violations >40
M3 11/6/99 16 2.77259

1 USFS Allotments: B = Baldwin; BM = Big Meadows; M = Meiss. Stations
numbered consecutively downstream-to-upstream.

2 The fecal coliform concentration during any 3D-day period shall not exceed a
log mean of 20/100 ml, nor shall more than 10 percent of all samples collected
during any 3D-day period exceed 40/100 ml.
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8M 2000 Violations

USFS LT8MU 2000 Season - Fecal Coliform Data
Big Meadows

FROM 30-Days To #/100 mL 30 -day
Station1 Sample Date Date (inclusive) Fecal Calif. log FC log mean NOTES2

8M1 5/4/00 0 1E-07
8M1 5/13/00 93 4.5326 pregraze violation> 40
8M1 6/1/00 05/03/00 0 1E-07 5
8M1 6/6/00 05/08/00 0 1E-07 5
'BM1 6/13/00 05/15/00 2 0.6931 4
8M1 6/22/00 OS/24/00 20 2.9957 3
8M1 6/29/00 05/31/00 6 1.7918 3
8M1 7/6/00 06/07/00 33 3.4965 9 pregraze violation> log mean 20
8M1 7/13/00 06/14/00 280 5.6348 32 pregraze violation> log mean 20; >40
BM1 7/20/00 08/18/00 34 3.5264 15
8M1 7/28/00 08/26/00 1 0 14
8M1 8/3/00 09/01/00 41 3.7136 26 nograze violation> log mean 20; >40
8M1 8/10/00 09/08/00 23 3.1355 20
8M1 8/15/00 09/13/00 26 3.2581 10
8M1 8/21/00 09/19/00 25 3.2189 7
8M1 8/28/00 09/26/00 21 3.0445 4
8M1 9/7/00 10/06/00 9 2.1972 3
8M1 9/11/00 1 0
8M1 9/18/00 5 1.6094
8M1 9/25/00 1 0
8M1 10/2/00 3 1.0986

,

8M2 5/4/00 3 1.0986
8M2 5/13/00 49 3.8918 pregraze violation >40
8M2 6/1/00 05/03/00 0 1E-07 5
8M2 6/6/00 05/08/00 3 1.0986 5
BM2 6/13/00 05/15/00 1 0 3
8M2 6122/00 OS/24/00 22 3.091 3
8M2 6/29/00 05/31/00 0 1E-07 2
8M2 7/6/00 06/07/00 37 3.6109 5
8M2 7/13/00 06/14/00 96 4.5643 17 pregraze violation >40
8M2 7/20/00 08/18/00 36 3.5835 10
8M2 7/28/00 08/26/00 1 0 7
8M2 8/3/00 09/01/00 17 2.8332 12
8M2 8/10/00 09/08/00 20 2.9957 13
8M2 8/15/00 09/13/00 7 1.9459 8
8M2 8/21/00 09/19/00 5 1.6094 5
8M2 8/28/00 09/26/00 20 2.9957 4
8M2 9/7/00 10/06/00 22 3.091 2
8M2 9/11/00 2 0.6931
BM2 9/18/00 1 0

8M2 9/25/00 1 0
8M2 10/2/00 1 0

8M3 5/4/00 1 0
8M3 5/13/00 0 1E-07
8M3 6/1/00 05/03/00 0 1E-07 1
8M3 6/6/00 05/08/00 2 0.6931 1
8M3 6/13/00 05/15/00 0 1E-07 1
8M3 6/22/00 OS/24/00 6 1.7918 2
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8M 2000 Violations

USFS LTBMU 2000 Season - Fecal Coliform Data
Big Meadows

FROM 30-Days To #/100 mL 30 -day
Station1 Sample Date Date (inclusive) Fecal Colif. log FC log mean NOTES2

8M3 6/29/00 05/31/00 210 5.3471 5 pregraze violation >40
8M3 7/6/00 06/07100 94 4.5433 12 pregraze violation> log mean 20; >40
8M3 7/13/00 06/14/00 33 3.4965 44 pregraze violation> log mean 20
8M3 7/20/00 08/18/00 31 3.434 14
8M3 7/28/00 08/26/00 11 2.3979 11
8M3 8/3/00 09/01/00 19 2.9444 9
8M3 8/10/00 09/08/00 16 2.7726 10
8M3 8/15/00 09/13/00 6 1.7918 8
8M3 8/21/00 09/19/00 8 2.0794 7
8M3 8/28/00 09/26/00 5 1.6094 5
8M3 9/7/00 10106/00 28 3.3322 3
8M3 9/11/00 5 1.6094
8M3 9/18/00 3 1.0986
8M3 9/25/00 0 1E-07
8M3 10/2/00 0 1E-07

1 USFS Allotments: 8 = 8aldwin; 8M = 8ig Meadows; M = Meiss; T =Trout
Creek. Stations numbered consecutively downstream-to-upstream.

2 The fecal coliform concentration during any 3D-day period shall not exceed
a log mean of 20/100 ml, nor shall more than 10 percent of all samples
collected during any 3D-day period exceed 40/100 ml.
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Dardanelles 2000 Violations

USFS LTBMU 2000 Season - Fecal Coliform Data
Dardenelles (Meiss)

FROM 3D-Days To #/100 mL 30 -day
Station1 Sample Date Date (inclusive) Fecal Col if. log FC log mean NOTES2

M1 6/20/00 0 1E-07
M1 6/30/00 5 1.60944
M1 7/14/00 06/15/00 6 1.79176 3
M1 7/18/00 08/16/00 22 3.09104 11
M1 7/27/00 08/25/00 97 4.57471 10 nograze violation> 40
M1 8/3/00 09/01/00 77 4.34381 6 nograze violation> 40
M1 8/10/00 09/08/00 1 0 3
M1 8/15/00 09/13/00 1 0 5
M1 8/21/00 09/19/00 14 2.63906 5
M1 8/28/00 09/26/00 5 1.60944 3
M1 9/7/00 10/06/00 2 0.69315 2
M1 9/11/00 16 2.77259
M1 9/18/00 1 0
M1 9/25/00 0 1E-07
M1 10/2/00 0 1E-07

M2 6/20/00 07/19/00 1 0
M2 6/30/00 07/29/00 7 1.94591
M2 7/14/00 08/12/00 0 1E-07 3
M2 7/18/00 08/16/00 5 1.60944 3
M2 7/27/00 08/25/00 4 1.38629 3
M2 8/3/00 09/01/00 5 1.60944 4
M2 8/10/00 09/08/00 1 0 3
M2 8/15/00 09/13/00 2 0.69315 3
M2 8/21/00 09/19/00 4 1.38629 4
M2 8/28/00 09/26/00 14 2.63906 3
M2 9/7/00 10/06/00 4 1.38629 3
M2 9/11/00 1 0
M2 9/18/00 7 1.94591
M2 9/25/00 0 1E-07
M2 10/2/00 7 1.94591
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Dardanelles 2000 Violations

USFS LTBMU 2000 Season - Fecal Coliform Data
Dardenelles (Meiss)

FROM 3D-Days Ta #/100 mL 30 -day
Station1 Sample Date Date (inclusive) Fecal Calif. log FC log mean NOTES2

M3 6/20/00 07/19/00 0 1E-07
M3 6/30/00 07/29/00 1 0
M3 7/14/00 08/12/00 0 1E-07 5
M3 7/18/00 08/16/00 0 1E-07 8
M3 7/27/00 08/25/00 32 3.46574 9
M3 8/3/00 09/01/00 31 3.43399 8
M3 8/10/00 09/08/00 2 0.69315 6
M3 8/15/00 09/13/00 13 2.56495 5
M3 8/21/00 09/19/00 3 1.09861 3
M3 8/28/00 09/26/00 10 2.30259 3
M3 9n/00 10/06/00 11 2.3979 2
M3 9/11/00 0 1E-07
M3 9/18/00 1 0
M3 9/25/00 0 1E-07
M3 10/2/00 0 1E-07

1 USFS Allotments: B =Baldwin; BM =Big Meadows; M =Meiss; T =Trout
Creek. Stations numbered consecutively downstream-ta-upstream.

2 The fecal coliform concentration during any 3D-day period shall not exceed a
log mean of 20/100 ml, nor shall more than 10 percent of all samples collected
during any 30-day period exceed 40/100 ml.
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From:
To:
Date:
Subject:

"Jeff Reiner/R5/USDAFS" <jreiner@fs.fed.us>
<bwarden@rb6s.swrcb.ca.gov>, <bwarden@rb6s.swrcb.ca.gov>
1/7/022:37PM
data

Bruce, here is the 01 data. I keep getting too busy, and I forget.

(See attached file: 01_fecaLdata.xls)

Jeff Reiner
Watershed and Fisheries Program Leader
Lake Tahoe Basin
530-5732624
jreiner@fs.fed.us

o



Sample Date M1 M1a M2 M3 8M1 8M2 8M3 81 82 Control
5/30/01 4 0 0 1 0 0 0
6/7101 7 0 0 0 0 0 42 1 0
6/13/01 0 1 0 0 0 1 14 4 0
6/20/01 1 0 1 0 0 0 33 8 0
6/25/01 0 1 0 0 0 3 33 32 0
7/5101 36 2 3 6 3 30 79 264 0

7/10101 36 1 14 4 6 26 7 219 0
7/16/01 These samples incubated for 72 hours! - resampled on 7/20
7/20/01 7 3 11 11 13 44 96 44 0
7/26/01 2 0 2 27 5 20 41 19 0
7/31/01 12 19 13 42 31 0
8/1101 1 1 32 0
8/8/01 1 1 2 268 47 23 83 17 0

8/15/01 0 2 4 110 8 6 75 29 0
8/15/01 duplicates 8 70 0
8/23/01 3 4 46 17 5 4 80 9 0
8/23/01 duplicates 108 4 0
8/28/01 0 8 2 1 1 47 77 19 0
9/5101 0 90 13 9 dry 183 3 0
9/5/01 duplicates 1 93 7 1 0
9/6/01 42 1 0
9/6/01 duplicates 15 0

9/11/01 0 16 6 159 4 89 2 25 2 0
9/11/01 duplicates 14 23
9/19/01 1 27 37 109 46 17 0 38 6 0
9/19/01 duplicates 58 113
9/25/01 5 2 3 20 2 2 8 5 34 0
9/25/01 duplicates 5 0
10/2/01 5 1 0 0 1 2 0 0
10/2/01 possible incubator malfunction - temperature too high
10/9/01 0 16 1 11 6 0 3 43 0 0

10/16/01 1 0 5 4 0 2 0 66 8 0
10/16/01 duplicates 2 78
10/23/01 6 4 1 88 2 0 0 61 5 0
10/23/01 duplicates 1 71
10/23/01 last sample day of year 2001



From:
To:
Date:
Subject:

Bruce Warden
Unsicker, Judith
11/5/01 2:16PM
Re: Fecal Coliform listings

Since the USFS is assessing only the Cascade Stables horse grazing impacts on Tallac creek, they have
only the two sampling locations on Tallac Creek bounding what they call the Baldwin allotment north of
Hwy89.

>>> Judith Unsicker 11/05/01 02:07PM >>>
Thanks for the information. Does the Forest Service have upstream stations on Tallac Creek? From
eyeballing a map, it appears that this is the creek that parallels the Mt.Tallac trail (and therefore gets a lot
of hiker,dog and perhaps pack animal use), and that it also runs through the Spring Creek summer home
tract.

>>> Bruce Warden 11/05/01 01 :52PM »>
Based on years of data, the following surface water segments can be listed for fecal coliform, based on
violations of our Basin Plan water quality objectives:

Upper Truckee River above Round Lake (USFS stn M-3) to Christmas Valley at Hawley Grade Lahontan
stn 1), segment approximately 6 miles.

Big Meadows Creek (tributary to Upper Truckee River) from above upper Big Meadows (USFS stn BM-3)
to just below USFS footbridge at lower Big Meadows (USFS stn BM-1) segment approximately 1 mile.

Upper Truckee River below City of South Lake Tahoe Airport (Lahontan stn 3) to below Hwy50 bridge in
South Lake Tahoe (Lahontan stn 6), segment approximately 1.5 miles.

Trout Creek from Hwy 50 bridge to confluence of Upper Truckee River/Lake Tahoe backwater, segment
approximately 1 mile.

Tallac Creek from Hwy 89 bridge (USFS stn B-2) to Lake Tahoe (below USFS stn B-1), segment
approximately 0.5 mile.

We need to get a map or more definative information from the USFS for their sampling staton locations.
Abby or I can give you information of exactly where ours are.

cc: Curtis, Chuck; Kemper, Lauri



: "
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From:
To:
Date:
Subject:

Bruce Warden
Unsicker, Judith
Thu, Oct 25,2001 2:31 PM
Upper Truckee River Fecal Coliform Data - 2001 Season

USFS is still collecting data in Meiss Meadows for fecal coliform this season. Our sampling from
Christmas Valley to Lake Tahoe is complete. There were violations in both USFS allotments and in the
private (Mosher) livestock facility in 2001. The UTR study has a complete violation analysis. The USFS
data has been fully assessed in Meiss Meadows only, since that's where the cows were. However, of
much interest, since it involves non-livestock impacts, is data from Big Meadows. Just a cursory lokk
indicates violation-level fecal coliform concentrations--probably from dogs, horses, and human (hiking,
camping) sources. Here's the data to date.

Bruce T. Warden, Ph.D.
Lahontan Regional Water Quality Control Board
2501 Lake Tahoe Blvd.
South Lake Tahoe, CA 96150
(530) 542-5416
(530) 544-2271 fax
wardb@rb6s.swrcb.ca.gov

cc: Curtis, Chuck; Kemper, Lauri



Sample Date M1 M1a M2 M3 Control
5/30/2001 4 0 0 0
6/712001 7 0 0 0

6/13/2001 0 1 0 0
6/20/2001 1 0 1 0
6/25/2001 0 1 0 0
7/512001 36 2 3 0

7/10/2001 36 1 14 0
7/16/2001 Samples incubated for 72 hours! - resampled on 7/20
7/20/2001 7 3 11 0
7/26/2001 2 0 2 0
7/31/2001 0
8/112001 1 1 32 0
8/8/2001 1 1 2 0

8/15/2001 0 2 4 0
8/15/2001 duplicates 8 0
8/23/2001 3 4 46 0
8/28/2001 0 8 2 0
9/512001 0 90 13 9 0
9/5/2001 duplicates 1 93 7 0



USFS LTBMU 2001 Season· Fecal Coliform Data
Dardenelles (Meiss)

I FROM . 30-Days To I #/100 mL 30 -day
Station1 Sample Date Date (inclusive) Fecal Colif. log FC log mean NOTES2

M1 5/30/2001 06/28/01 4 1.38629 2
M1 6/7/2001 07/06/01 7 1.94591 3
M1 6/13/2001 07/12/01 0 1E-07 4
M1 6/20/2001 07/19/01 1 0 6
M1 6/25/2001 07/24/01 0 1E-07 7
M1 7/5/2001 08/03/01 36 3.58352 7
M1 7/10/2001 08/08/01 36 3.58352 3
M1 7/20/2001 08/18/01 7 1.94591 2
M1 7/26/2001 08/24/01 2 0.69315 1
M1 8/1/2001 08/30/01 1 0 1
M1 8/8/2001 09/06/01 1 0 1
M1 8/15/2001 09/13/01 0 1E-07 1 average of duplicates
M1 8/23/2001 09/21/01 3 1.09861 1
M1 8/28/2001 09/26/01 0 1E-07 1
M1 9/5/2001 10/04/01 0.5 -0.6931 ·2 average of duplicates
M1 9/11/2001 0 1E-07 average of duplicates
M1 9/19/2001 1 0 average of duplicates
M1 9/25/2001 5 1.60944
M1 10/2/2001 5 1.60944

assess 30-d log mean violation
M1a 9/5/2001 10/04/01 91.5 4.51634 10 after inclusion of data thru 10/4
M1a 9/11/2001 15 2.70805
M1a 9/19/2001 42.5 3.7495
M1a 9/25/2001 2 0.69315
M1a 10/2/2001 1 0

M2 5/30/2001 06/28/01 0 1E-07\ 1
M2 6/7/2001 07/06/01 0 1E-07 1



M2 6/13/2001 07/12/01 1 0 1
M2 6/20/2001 07/19/01 0 1E-07 1
M2 6/25/2001 07/24/01 1 0 1
M2 7/5/2001 08/03/01 2 0.69315 1
M2 7/10/2001 08/08/01 1 0 1
M2 7/20/2001 08/18/01 3 1.09861 2
M2 7/26/2001 08/24/01 0 1E-07 2
M2 8/1/2001 08/30/01 1 0 3
M2 8/8/2001 09/06/01 1 0 4
M2 8/15/2001 09/13/01 5 1.60944 6 average of duplicates
M2 8/23/2001 09/21/01 4 1.38629 9
M2 8/28/2001 09/26/01 8 2.07944 12
M2 9/5/2001 10/04/01 10 2.30259 7 average of duplicates
M2 9/11/2001 6 1.79176
M2 9/19/2001 37 3.61092
M2 9/25/2001 3
M2 10/2/2001 0

M3 5/30/2001 06/28/01 0 1E-07 1
M3 6/7/2001 07/06/01 0 1E-07 1
M3 6/13/2001 07/12/01 0 1E-07 2
M3 6/20/2001 07/19/01 1 0 3
M3 6/25/2001 07/24/01 0 1E:07 4
M3 7/5/2001 08/03/01 3 1.09861 8
M3 7/10/2001 08/08/01 14 2.63906 7
M3 7/20/2001 08/18/01 11 2.3979 6
M3 7/26/2001 08/24/01 2 0.69315 7
M3 8/1/2001 08/30/01 32 3.46574 7
M3 8/8/2001 09/06/01 2 0.69315 6
M3 8/15/2001 09/13/01 4 1.38629 14
M3 8/23/2001 09/21/01 46 3.82864 27 30-d log normalized Fe violation
M3 8/28/2001 09/26/01 2 0.69315
M3 9/5/2001 10/04/01 9 2.19722
M3 9/11/2001 159 5.0689
M3 9/19/2001 111 4.70953 average of duplicates
M3 9/25/2001 20



M3 10/2/2001 o



Meiss Grazing Allotment
Fecal Coliform Monitoring
2001 Season

Date Station
30-May Big Meadow 1

Big Meadow 2
Big Meadow 3

7-Jun Big Meadow 1
Big Meadow 2
Big Meadow 3

13-Jun Big Meadow 1
Big Meadow 2
Big Meadow 3

20-Jun Big Meadow 1
Big Meadow 2
Big Meadow 3

25-Jun Big Meadow 1
Big Meadow 2
Big Meadow 3

5-Jul Big Meadow 1
Big Meadow 2
Big Meadow 3

10-Jul Big Meadow 1
Big Meadow 2
Big Meadow 3

20-Jul Big Meadow 1
Big Meadow 2
Big Meadow 3

. 26-Jul Big Meadow 1
Big Meadow 2
Big Meadow 3

31-Jul Big Meadow 1
Big Meadow 2
Big Meadow 3

8-Aug Big Meadow 1

CFU/100ml
Fecal Coliform Notes

1 Pasture removed from grazing
o
o
o
o
o
o
o
1
o
o
o
o
o
3
6
3

30
4
6

26
11
13
44
27

5
20
12
19
13

268



Big Meadow 2
Big Meadow 3

15-Aug Big Meadow 1
Big Meadow 2
Big Meadow 3

23-Aug Big Meadow 1
Big Meadow 2
Big Meadow 3

28-Aug Big Meadow 1
Big Meadow 2
Big Meadow 3

5-Sep Big Meadow 1 dry
Big Meadow 2
Big Meadow 3

11-Sep Big Meadow 1
Big Meadow 2
Big Meadow 3

19-5ep Big Meadow 1
Big Meadow 2
Big Meadow 3

25-Sep Big Meadow 1
Big Meadow 2
Big Meadow 3

2-0ct Big Meadow 1
Big Meadow 2
Big Meadow 3

30-May Meiss 1
Meiss 2
Meiss 3

7-Jun Meiss 1
Meiss 2
Meiss 3

13-Jun Meiss 1
Meiss 2
Meiss 3

20-Jun Meiss 1

47
23

110
8
6

17
5
4
1
1

47
Stream going subsurface, moved station upstream

183 .

3
4

89
2

46
17
o
2
2
8
1
1
2

4
o
o
7
o
o
o
1
o
1



Meiss 2
Meiss 3

25-Jun Meiss 1
Meiss 2
Meiss 3

5-Jul Meiss 1
Meiss 2
Meiss 3

10-Jul Meiss 1
Meiss 2
Meiss 3

20-Jul Meiss 1
Meiss 2
Meiss 3

26-Jul Meiss 1
Meiss 2
Meiss 3

1-Aug Meiss 1
Meiss 2
Meiss 3

6-Aug
8-Aug Meiss 1

Meiss 2
Meiss 3

15-Aug Meiss 1
Meiss 2
Meiss 3

23-ALfg Meiss 1
Meiss 2
Meiss 3

28-Aug Meiss 1
Meiss 2
Meiss 3

5-Sep Meiss 1
Meiss 1a
Meiss 2
Meiss 3

o
1
o
1
o

36
2
3

36
1

14
7
3

11
2
o
2
1
1

32
100 cow/calf pairs on pasture

1
1
2
o
2
4
3
4

46
o
8
2
o

90
13
9



11-Sep Meiss 1
Meiss 1a

Meiss 2
Meiss 3

19-5ep Meiss 1
Meiss 1a

Meiss 2
Meiss 3

25-Sep Meiss 1
Meiss 1a
Meiss 2
Meiss 3

2-0ct Meiss 1
Meiss 1a

Meiss 2
Meiss 3

o
16

6
159

1
43
37

111
5
2
3

20
5
1
o
o



TABLE 1: Upper TruckeelTrout Creek Non-Point Source Fecal Coliform
Summer 2001

STATION
Upper
Xmas
Valley

HWY 50 Airport
Meyers

Upper
Barton
Main

Upper HWY 50
Barton SLT
Bypass

Trout CL
@HWY

50

Lower
Barton
Beach

Lower
Barton
Midway

Lower
Trout CL

10 NOTES

*

*

*

*

*

*

*
*

*

*

*

*

*

*

9

5

7

40

31

43
63

8
28
25

15
o

17
11
52

8
6

11

10

14

19
26
53
35
22

35
11
52

102
75

76
2

21

3
14

8
11
40

212

267

14
17
49

101
296

5

3
o
7
1

14

25

300

1024

11
103
45
38

1994

1720

2

33

33

8
6

14
6

75

15
9

20
21
43

22

4

1

7
1
6
6
5

3
o

51

1
3
1

11
5

1

9

3
2

6
1
7
6

24

5
o
1

14
12

2

1
1

1
o
8
2

13

17
15
17
13
14

117

260

8/7/2001
##ffiffffflf

#!ltft'ft't?!?!
NiNtfftl tI tI

6/4/2001

#fffffffffi?!

##ffN?!#?!

ffNN/tNNN

NNtlffffff?!

!NNffif/##

if if tiNtiN if
fi# fft?t!f!t?
f!1?i?ffffff#

ff#fffff.ft/!J

Date
25 Station #9 is not reachable: low water level and sampling

on foot.
3
2

19 Very windy at station #8, water turbid.
6 Very windy at station #8, water turbid.

17 High numbers possibly due to homeless living on
meadow.

10 Very windy at station #8, water turbid.
3

28 Cows present at paddock near stations 4 and 5.
50 Water appeared very turbid at station #6.
70

Cows observed in the water at station #5 bypass. Water
very cloudy and turbid downstream and at station #6.

39
Water at station #10 appeared very turbid, windy. Cows
in bypass/station #5 (photos taken to document).

10
Cows observed in the water at station #5 bypass. Water
cloudy and turbid downstream and at station #6.

12 Cows observed in bypass in a.m., but not at time of
sampling. Water still fairly turbid downstream.

!It/tlfftllf?! 5 1 2 15 228 274est 78 17 * 95 No cows observed at station #5 bypass.
9/5/2001 4 7 1 22 57 54 66 73 * 11 Flow in bypass is greater than in main UTR channel.
iFiHHiFiif----g-·--2----3--------·~r----83·------84-·--11---·--T3-----·~*---··9-Flowin bypassTsg-reate-r~than-fnmajnUTFfchanneT,-'-'--l

I beaver activity observed above station #1. i
I!/#t!tJ!!## 0 0 31 8 90 14 24 1 * 5 Flow in main channel greater than bypass again. \
I##fifJ##i¥ 7 3 .33. 51 299 446 36 243 * 13 Rained day before sampling.
Iif!UiN#t?!t 7 1. 4.5 . 29 12 8 3. * 2 Bird and fresh feces observed at station #3., j
--_._--------~-----~~~-_.._----------"_._"--_.'-- .,- ,-_._------_._-~--~----_.__.-------_.- ---_._~---_._-_._--_._------_.~.-_._~---~~-~-_._-_.:-_--_._...__...-



* Station number 9 is not accessible due to low water level and sampling on foot. No samples will be taken at this station during summer 2001 .
'-~-----'-~~~\--'-"--:-'-'--'-'--------'--'~---l

i =cows no longer present (as of:9/6/01)' .-L ~.-._._.- . .- .. _._. .. . ~",", .. _..J



TABLE 1: Upper TruckeelTrout Creek Non-Point Source Fecal Coliform Monitoring Data
Summer 2001

Upper 30-day HWY50 30-day Airport 30-day Upper 30-day Upper 30-day
Xmas log mean Meyers log mean log mean Barton log mean Barton log mean

From 30-d Valley Main Bypass

Date To Date Stn 1 log FC Lmean1 Stn 2 log FC Lmean2 Stn 3 log FC Lmean3 Stn 4 log FC Lmean4 Stn 5 log Fe Lmean5
6/4/2001 07103/01 1 0 2 3 1.0986 4 0 1E-07 3 2 0.6931 6 25 3.2189 3

liitt! t!!?t!t! 07/10101 1 0 3 6 1.7918 6 7 1.9459 4 8 2.0794 12 3 1.0986 3
H{f!!it::!!!! 07/13/01 0 1E-07 4 1 0 6 1 0 4 6 1.7918 14 0 1E-07 3
!!t!/i!Nf!N.f 07/24/01 8 2.0794 10 7 1.9459 4 6 1.7918 3 14 2.6391 16 7 1.9459 13
Nfl l'ifi!ft!t! 07/25/01 2 0.6931 10 6 1.7918 4 6 1.7918 2 6 1.7918 16 1 0 15
t.'#itt!!!f!i! 08/08/01 13 2.5649 15 24 3.1781 5 5 1.6094 3 75 4.3175 24 14 2.6391 61

!!t.'#!!!f!t'!t' 08/15/01 17 2.8332 24 5 1.6094 4 1 0 2 15 2.7081 21 11 2.3979 126
Ki!?fKi!!fN 08/18/01 15 2.7081 33 0 1E-07 3 3 1.0986 2 9 2.1972 24 103 4.6347 292
Nif/!/ffl/ft! 08/22/01 17 2.8332 24 1 0 3 1 0 4 20 2.9957 28 45 3.8067 349
!f#t!!f!ltN! 08/23/01 13 2.5649 26 14 2.6391 4 11 2.3979 5 21 3.0445 29 38 3.6376 525
8/7/2001 09105/01 14 2.6391 16 12 2.4849 3 5 1.6094 3 43 3.7612 26 1994 7.5979 489

!t/!!t!!### 09/11/01 260 5.5607 9 2.1972 1 0 33 3.4965 1024 6.9315

t.'#ffti!!IN! 09/14/01 117 4.7622 1 0 1 0 33 3.4965 1720 7.4501

f!{f#fI#!!t! 09/20101 2 0.6931 1 0 51 3.9318 22 3.091 300 5.7038

i!##it#t!t! 09/27/01 5 1.6094 1 0 2 0.6931 15 2.7081 228 5.4293
9/5/2001 10104/01 4 1.3863 7 1.9459 1 0 22 3.091 57 4.0431

PTit{f/:fTiHi-C-:·~·· -.
--"-•.._._.._.- ......--~.-- ~---~~-~-- ~-"",---~~

m _ _.____

-_.-~---- ..,-=-",~ -.-.. ---~~"~-._-.-----~.--- -8"3"4.4188 -."-_."---_._--
9 2.1972 2 0.6931 3 1.0986 441.3863 "

- , --,.
~

.-

!!/f#!!!f#t! 0 1E-07 0 1E-07. 31 3.434 8 2.0794 90 4.4998..

f! ;'/{f!!#l.fN 7 1.9459 ..~ 3 1.0986 33 3.4965 -51·3.9318 299" 5.7004 ..
[w/" 11M "1'9/6/2001 7 1.9459 ·5 1 0 2 "4 1.3863 11 5:"1.6094 10 29.3.3673".. 90itt rl ftitN!!:.. _".~.____."...;. _._ ,••. ~_.c__ ,_,______~~_~_'_~ ~___________.________.__._~'_~M ___ "_.'-'-..•.'"'---",._"._---- ---- -~---"'.~-~--"---



TABLE 1: Upper TruckeefTrout Creek Non-Point Source Fecal Coliform Monitoring Data
Summer 2001

Upper 3D-day HWY50 3D-day Airport 3D-day Upper 3D-day Upper 3D-day
Xmas log mean -Meyers log mean log mean Barton log mean Barton log mean

From 30-d Valley Main Bypass

Date To Date Stn 1 log FC Lmean1 Stn 2 log FC Lmean2 Stn 3 log FC Lmean3 Stn 4 log FC Lmean4 Stn 5 10gFC Lmean5
* Station number 9 IS not accessible due to low water level and sampling on foot. No samples will be taken at this station dunng summer 2D01.

I m_."m -'-.------------------.--------'-- ~- •• ---.,.-.------.---.--------------.-~-,-.------------.- --1
l--=-cows n~onge~.R.res_ent (~~_q! 9/6/<!!L~~ __.,.__-__. ~__~·. ~_._'_: , , ._____________ _ _--1



7 25 3.218876 7
Lmean8 Stn 101 Lmean10 log mean

TABLE 1: Upper TI
Summer 2001

From 30-d
Date To Date
6/4/2001 07/03/01

HWY50
SLT

Stn 6 log FC
2 0.6931

30-day Trout Cr, 30-day Lower

log mean @HWY log mean Barton
50 Beach

Lmean6 Stn 7 log FC Lmean7 Stn 8 log FC
6 6 1.7918 22 7 1.9459

30-day Lower
log mean Trout Cr.

30-day
log mean

###tNtU# 07/10/01 3 1.0986 11 19 2.9444 29 15 2.7081 11 3 1.098612 7
JftJt.'tI#f?!i 07/13/01 14 2.6391 15 26 3.2581 32 0 1E-07 10 2 0.693147 8
tltfr'lttlf1tff 07/24/01 8 2.0794 19 53 3.9703 31 17 2.8332 24 19 2.944439 11
tlttttJftl#r'I 07/25/01 11 2.3979 22 35 3.5553 27 11 2.3979 26 6 1.791759 10
#!!t?#tltJtI 08/08/01 40 3.6889 49 22 3.091 39 52 3.9512 . 30 17 2.833213 19

tttltlNf?Nf? 08/15/01 14 2.6391 67 35 3.5553 36 43 3.7612 21 10 2.302585 22
J! fififft'ttl# 08/18/01 17 2.8332 106 11 2.3979 29 63 4.1431 19 3 1.098612 22
tltJfftl#f?A' 08/22/01 49 3.8918 110 52 3..9512 29 8 2.0794 18 28 3.332205 28
A'tfr'lNNN# 08/23/01 101 4.6151 129 102 4.625 26 28 3.3322 21 50 3.912023 28
8/7/2001 09/05/01 296 5.6904 132 75 4.3175 29 25 3.2189 24 70 4.248495 26

?ltlJf1ttl#r'I 09/11/01. 267 5.5872 14 2.6391 5 1.6094 39 3.663562

f!NNi't/!!JN 09/14/01 212 5.3566 10 2.3026 31 3.434 10 2.302585

tf###tllftl 09/20/01 21 3.0445 11 2.3979 40 3.6889 12 2.484907

tf###tllftl 09/27/01 274 5.6131 78 4.3567
9/5/2001 10/04/01 54 3.989 66 '4.1897

rTtl{ffiiW------·--···rc84 4.4308 --.-'-. ~~.·:<71t~3979·'--·-··_~

i·
ihWltJ?tI#!i 14 2.6391 24 3.1781 1 0 5 1.609438
IJfttiftt#ttff 4466.1003 " 36 3.5835 243 5.4931 13 2.564949'
t#tftJfJftFJL~/6/_20_0_1_·._'.~~. t~"" .2.~~!9_~, __._.,.....•.•50"":,;,,,",,"~,.~cO_7"_9_4. -,-1I._....._~~..._._3._1_..,O_9_8_6__"_·_·.1...c~...i.1.1._0_.".... ~...Q..69~.HJ_'··.~,~ .J)



TABLE 1: Upper TI
Summer 2001

HWY50 30-day Trout Cr. 30-day Lower ·30-day Lower 30-day
SLT log mean @HWY log mean Barton log mean Trout Cr. log mean

From 30-d 50 Beach

Date To Date· Stn 6 log FC Lmean6 Stn 7 log FC Lmean7 Stn 8 log FC Lmean8 Stn 101 Lmean10 log mean
* Station number 9 I

~~~~no 19i9~£~



TABLE 1: Upper TruckeelTrout Creek Non-Point Source Fecal Coliform
Summer 2000

STATION
Upper HWY50 Airport Upper Upper HWY50 Trout Cr. Lower Lower Lower
Xmas Meyers Barton Barton SLT @HWY Barton Barton Trout Cr.
Valley Main Bypass 50 Beach Midway

Date 1 2 3 4 5 6 7 8 9 10 NOTES
ffff#N/!Nli ns ns ns ns ns ns ns 63 3 8 Many birds present on beach near stn #8
##fUtf! ;'IN 0 0 0 0 0 1 1 8 0 2 Some birds present on beach near stn #8
fJ#f!!!NtiN 3 0 0 5 5 17 7 59 14 13 Many birds present on beach near stn #8
?!flNNmiN Cattle on Upper Barton Meadows
tlil# tf It/!f? 8 17 2 17 26 19 3 74 21* 36 * sampled at edge of inundated area
7/3/2000 5 4 5 9 4 5 12 151 0 5 Many Canadian Geese near stn #8
7/6/2000 4 5 6 6 6 4 4 30 0 8 Some Sea Gulls on beach only near stn #8
?!?JNt?N.W'! 11 2 6 23 8 25 21 10 0 46 Cattle on lower Barton Meadow
ffff#Nm1N cattle observed standing in Trout Creek--no cowboy

present to herd away from surface waters
###fI#ff# 8 26 14 21 11 80 8 10 4 37
####### 8 4 6 12 27 53 19 7 1 200 Cattle present along Trout Cr.--upper meadow
?Nl##### 8 8 21 66 41 55 313 4 5 110 Dog observed upstream from station #5, Cows present in

water throughout Truckee Marsh (#8, #9, #10)

t?t?#/iffN?! 6 16 29 19 18 17 48 6 5 500
f.?t?Nllf.??!N 16 25 5 11 16 19 6 1 2 238 Cows present at station #5, much algae floating in water
###flf.??!!? 13 14 21 24 35 23 29 7 5 950
8/3/2000 14 20 8 25 54 26 27 16 26 540
8/7/2000 10 5 11 50 75 57 30 37 2 80 Dogs swimming in water prior to sampling at station #3,

cows present at station #8
fftJ###f:t# 5 6 3 82 62 5800 9 18 36 72 Cattle in paddock nearest HWY 50 above Station 6 - in

river at watering location (fenced across river - photos to
doc), many birds present at station #8

tNt#ff### 11 17 16 56 230 130 13 7 7 86 Cattle not in paddock nearest HWY 50 above Station 6,
many birds bathing in water upstream prior to sampling at
station #4, water st station #5 barely flowing, large
number of birds present at station #8

llf.?#tf#?iN 3 17 11 36 40 54 20 79 16 180 Cows present at station #10, many birds present at
station #8, floating fecal matter from cows observed in
Trout Creek

N###### 7 13 25 25 72 22 7 12 190 4 No flow at station #5 bypass
llll##### 17 28 20 24 41 28 37 53 4 350 No flow at station #5 bypass



TABLE 1: Upper TruckeelTrout Creek Non-Point Source Fecal Coliform
Summer 2000

STATION
Upper HWY 50
Xmas Meyers
Valley

Airport Upper
Barton
Main

Upper HWY50
Barton SLT
Bypass

Trout Cr.
@HWY

50

Lower
Barton
Beach

Lower
Barton
Midway

Lower
Trout Cr.

Date 1 2
NU"##U# 22 21

U###### 6 6

9/5/2000 2 1

9/7/2000 3 5

N###### 3 0

HRUU#M# 2 1

#U#N"NN 1 1

ffUUUUN~ 2 8
HNNUU"~ 1 0

3
70

18

21

15

8

7

5

49
12

4
50

20

27

55

40

32

2

14
28

5
325

300

150

320

4200

3850

7900

1950
1000

6
94

13

32

62

652

520

700

180
30

7
14

6

10

7

o

3

5

5

2

8
14

64

47

21

65

22

105

16
38

9
1

12

18

20

16

22

34

96

10 NOTES

o
o

!'.
i fI ~;.'HH.' 'I.'t .
! t.hltllhlflt

If'Y J."~-Ug '.' .'1
t. nthtn I. II

I -
r ####fNNf 0
I - -,-

!NMff##tW 0
LljtU!JL~jjJ1 ~_ ,

8
390

53
29

5

33
270

8
7

23

20
490

26
5600 .

2
510

2
2

5
20

-------- --_.._-_..... _,-- ------.-



TABLE 1: Upper TruckeelTrout Creek Non-Point Source Fecal Coliform
Summer 2000

Date

Upper
Xmas
Valley

1

HWY50
Meyers

2

Airport

3

STATION
Upper Upper HWY50 Trout Cr.
Barton Barton SLT @HWY
Main Bypass 50

4 5 6 7

Lower
Barton
Beach

8

Lower
Barton
Midway

9

Lower
Trout Cr.

10 NOTES



TABLE 1: Upper TruckeelTrout Creek Non-Point Source Fecal Coliform Monitoring Data
Summer 2000

Upper 30-day HWY50 30-day Airport 30-day Upper 30-day Upper
Xmas log mean Meyers log mean log mean Barton log Barton
Valley Main Bypass

From 30-d mean
Date To Date Stn 1 log FC Lmean1 Stn 2 log FC Lmean2 Stn 3 log FC Lmean3 Stn 4 log FC mean4 Stn 5 log FCI
kWfI#/?NN 07/15/00 ns ns ns ns ns
itflt/#N#N 07/18/00 0 1E-07 5 0 1E-07 4 0 1E-07 4 0 1E-07 8 0 1E-07
fI#Ntf/!Nif 07/21/00 3 1.098612 6 0 1E-07 5 0 1E-07 5 5 1.6094 14 5 1.6094
fI##Nt!?!!? 07/29/00 8 2.079442 8 17 2.8332 8 2 0.6931 8 17 2.8332 16 26 3.2581
7/3/2000 08/01/00 5 1.609438 8 4 1.3863 8 5 1.6094 10 9 2.1972 17 4 1.3863
7/6/2000 08/04/00 4 1.386294 9 5 1.6094 10 6 1.7918 .10 6 1.7918 19 6 1.7918
fit/Nt/tiN if 08/08/00 11 2.397895 10 2 0.6931 10 6 1.7918 11 23 3.1355 24 8 2.0794
'lUNUJ!!!g 08/11/00 8 2.079442 9 26 3.2581 11 14 2.6391 10 21 3.0445 27 11 2.3979ftfftfltflilu

#ttt/#### 08/15/00 8 2.079442 9 4 1.3863 11 6 1.7918 11 12 2.4849 30 27 3.2958
t/i'h'!i'iNkW 08/18/00 8 2.079442 8 8 2.0794 13 21 3.0445 11 66 4.1897 34 41 3.7136

tlNNtNNN? 08/22/00 6 1.791759 9 16 2.7726 14 29 3.3673 12 19 2.9444 30 18 2.8904
f:?!1#!1K!/i'! 08/25/00 . 16 2.772589 9 25 3.2189 14 5 1.6094 11 11 2.3979 32 16 2.7726
t/###t!NN 08/29/00 13 2.564949 10 14 2.6391 14 21 3.0445 15 24 3.1781 38 35 3.5553
8/3/2000 09/01/00 14 2.639057 9 20 2.9957 13 8 2.0794 15 25 3.2189 37 54 3.989
8/7/2000 09/05/00 10 2.302585 7 5 1.6094 9 11 2.3979 16 50 3.912 37 75 4.3175

!1J!!"!JY/"!!U.f 09/08/00 5 1.609438 6 6 1.7918 9 3 1.0986 17 82 4.4067 38 62 4.1271

kWr'tKtNm 09/12/00 11 2.397895 6 17 2.8332 9 16 2.7726 21 56 4.0254 34 230 5.4381

(.f!1fltfKttN 09/15/00 3 1.098612 6 17 2.8332 7 11 2.3979 19 36 3.5835 33 40 3.6889

#fllf#J!NN 09/19/00 7 1.94591 5 13 2.5649 5 25 3.2189 18 25 3.2189 32 72 4.2767
J! fI If#t! tN? 09/22/00 17 2.833213 4 28 3.3322 3 20 2.9957 15 24 3.1781 23 41 3.7136



TABLE 1: Upper TruckeelTrout Creek Non-Point Source Fecal Coliform Monitoring Data
Summer 2000

Upper 30-day HWY50 30-day Airport 30-day Upper 30-day Upper
Xmas log mean Meyers log mean log mean Barton log Barton
Valley Main Bypass

From 30-d mean
Date To Date Stn 1 log FC Lmean1 Stn 2 log FC Lmean2 Stn 3 log FC Lmean3 Stn 4 log FC mean4 Stn 5 log FCI
'lJJUJJJJU" 09/26/00 22 3.091042 3 21 3.0445 3 70 4.2485 16 50 3.912 22 325 5.7838ttttltttttftii

!<fl#tJN/!;'i 09/29/00 6 1.791759 2 6 1.7918 2 18 2.8904 13 20 2.9957 20 300 5.7038

9/5/2000 10/04/00 2 0.693147 2 1 0 2 21 3.0445 12 27 3.2958 19 150 5.0106

9/7/2000 10/06/00 3 1.098612 2 5 1.6094 2 15 2.7081 13 55 4.0073 19 320 5.7683

/!!? fIJI IN!!! 10/13/00 3 1.098612 1 0 1E-07 4 8 2.0794 19 40 3.6889 24 4200 8.3428

#####/!# 10/17/00 2 0.693147 1 1 0 7 7 1.9459 19 32 3.4657 22 3850 8.2558

ffff#tJtt!1 Ii 10/20/00 1 0 1 1 0 9 5 1.6094 21 2 0.6931 21 7900 8.9746

###f!!!riW 10/24/00 2 0.693147 1 8 2.0794 13 49 3.8918 27 14 2.6391 31 1950 7.5756

fftftJfl!!!</! 10/27/00 1 0 1 0 1E-07 16 12 2.4849 20 28 3.3322 31 1000 6.9078

- - -- ---- ---- -- -, ---- ._- - ---- ---~------ ._. - -- -----.-..."---~- ~-- - -- -- ..- --- _.. , - --- -~ _.- ------ --- ---------- -----------. --- - -2,70-5.5984'.####/!#!! tJ###ffff# 2 0.693147
--~ - ~3 1.0986 10 2.3026 13 2.5649----

,~

--

:##tJ!?!!#/! - -~- - 0 -1E-07 8 2.0794 -- 33 3.4965 --- , 20 2.9957 26 3.2581
,!<t!tJ#ff#;'i 0 1E-07 390 -5.9661 270 5.5984 490 6.1944 5600 8.6305

, -

: fft'f###!<;¥ - - 0 1E-07 53 3.9703 ""' 8 2.0794 18 2.8904 430 6'.0638
i;,!l!/ffJNffN 0 1E-07 '29~3.3673 7 1.9459 14 2.6391- 560 6.3279
,IN!ff##fff,! ft# ff It.'i!.f!? 0 1E-07 1 5 1.6094 20 23 3.1355 22 17 2.8332- 29 133 4.8903- - - ----- ----._-- -- -- . _._---_ .. -_._----- -- - ._- ._--- -- -- ." ------ -~-- -- ._-- _._-~ ---- - - ---- - --- _.._------ -- . --- ~ -- ~ "--- --- -----



TABLE 1: Upper TruckeeITrout Creek Non-Point Source Fecal Coliform Monitoring Data
Summer 2000

Upper 30-day HWY50 30-day Airport 30-day Upper 30-day Upper
Xmas log mean Meyers log mean log mean Barton log Barton
Valley Main Bypass

From 30-d mean
Date To Date Stn 1 log FC Lmean1 Stn 2 log FC Lmean2 Stn 3 log FC Lmean3 Stn 4 log FC p.-mean4 Stn 5 log FCI

[:; cows no iOr1g~r-p'resent (as of 10/3/00)
1_ _ _ _ ,_.__ --_ •



30-day HWY50 30-day TroutCr. 30-day Lower 30-day Lower 30-day Lower 30-day
log mean SLT log mean @HWY log mean Barton log mean Barton log mean Trout Cr. log mean

50 Beach Midway

Lmean5 Stn 6 log FC Lmean6 Stn 7 log FC Lmean7 Stn 8 log FC Lmean8 Stn 9 log FC Lmean9 Stn 10 log FC Lmean10
ns ns 63 4.1431 39 3 1.0986 5 8 2.0794 9

7 1 0 13 1 0 7 8 2.0794 24 0 1E-07 2 2 0.6931 18
11 17 2.8332 21 7 1.9459 13 59 4.0775 22 14 2.6391 3 13 2.5649 30
14 19 2.9444 21 3 1.0986 15 74 4.3041 12 21 3.0445 3 36 3.5835 57
14 5 1.6094 21 12 2.4849 19 151 5.0173 9 0 1E-07 2 5 1.6094 82
19 4 1.3863 25 4 1.3863 21 30 3.4012 7 0 1E-07 3 8 2.0794 138
25 25 3.2189 34 21 3.0445 27 10 2.3026 7 0 1E-07 3 46 3.8286 178
32 80 4.382 63 8 2.0794 24 10 2.3026 8 4 1.3863 5 37 3.6109 187
44 53 3.9703 66 19 2.9444 26 7 1.9459 8 1 0 5 200 5.2983 206
46 55 4.0073 66 313 5.7462 26 4 1.3863 10 5 1.6094 7 110 4.7005 204

48 17 2.8332 55 48 3.8712 18 6 1.7918 13 5 1.6094 10 500 6.2146 154
54 19 2.9444 63 6 1.7918 16 1 0 14 2 0.6931 11 238 5.4723 135
75 23 3.1355 76 29 3.3673 18 7 1.9459 19 5 1.6094 10 950 6.8565 136
96 26 3.2581 71 27 3.2958 15 16 2.7726 25 26 3.2581 11 540 6.2916 123

107 57 4.0431 73 30 3.4012 14 37 3.6109 28 2 0.6931 10 80 4.382 111

126 5800 8.6656 73 9 2.1972 12 18 2.8904 26 36 3.5835 13 72 4.2767 129

137 130 4.8675 42 13 2.5649 12 7 1.9459 27 7 1.9459 12 86 4.4543 138

198 54 3.989 52 20 2.9957 9 79 4.3694 36 16 2.7726 12 180 5.193 142

350 22 3.091 69 7 1.9459 7 12 2.4849 31 190 5.247 12 4 1.3863 135
629 28 3.3322 106 37 3.6109 7 53 3.9703 40 4 1.3863 9 350 5.8579 219



30-day HWY50 30-day Trout Cr. 30-day Lower 30-day Lower 30-day Lower 30-day
log mean SLT log mean @HWY log mean Barton log mean Barton log mean Trout Cr. log mean

50 Beach Midway

Lmean5 Stn 6 log FG Lmean6 Stn 7 log FC Lmean7 Stn 8 log FC Lmean8 Stn 9 log FC Lmean9 Stn 10 log FC Lmean10
1019 94 4.5433 134 14 2.6391 5 14 2.6391 35 1 0 12 250 5.5215 211

1173 13 2.5649 116 6 1.7918 4 64 4.1589 39 12 2.4849 20 380 5.9402 188

1158 32 3.4657 141 10 2.3026 4 47 3.8501 39 18 2.8904 18 210 5.3471 161

930 62 4.1271 99 7 1.9459 3 21 3.0445 30 20 2.9957 17 310 5.7366 90

1330 652 6.48 129 0 1E-07 3 65 4.1744 30 6 1.7918 12 106 4.6634 85

1000 520 6.2538 100 3 1.0986 3 22 3.091 28 16 2.7726 9 117 4.7622 98

825 700 6.5511 79 5 1.6094 3 105 4.654 31 22 3.091 9 195 5.273 96

566 180 5.193 55 5 1.6094 3 16 2.7726 29 34 3.5264 7 260 5.5607 85

460 30 3.4012 45 2 0.6931 3 38 3.6376 31 96 4.5643 7 100 4.6052 92

-" -- -- - --- -- - - - ~~-- - - - - - ---._- - -- ---. - --- _._-- _. - - - -"._--- -----_.- -------~---- - ----- --_._----- ~- --- -~ -- --

60 4.0943 5 1.6094 65 4.1744 5 1.6094 110 4.7005
- -- -

2 0.6931 2 0.6931 5 1.6094 9 2.1972 2 0.6931-
510 6.2344 2 0.6931 20 2.9957 1 0 200 5.2983

. -~

- - -

80 4.382 2 -0.6931 . 38 3.6376 - 1 0 330 5.7991
-60 4.0943 _-5 1.6094 58 4.0604 34 3.5264 - 420 6.0403

329 __ _fJ5_~'t~53§l__ 55 4 1.3863 3 55 4.0073 ·30 32 3.4657 6 78 4.3567-- -- -_._-- - -- -- _."_A_ -- ----," ._-- -- - -- ~---- ~--- - --~ - -- -. ~- -- ' ... - -- -~---- -~---"- --- -- ---- -- _. -.



30-day HWY50 30-day Trout Cr. 30-day Lower 30-day Lower 30-day Lower 30-day
log mean SLT log mean @HWY log mean Barton log mean Barton log mean Trout Cr. log mean

50 Beach Midway

Lmean5 Stn 6 log FC Lmean6 Stn 7 log FC Lmean7 Stn 8 log FC Lmean8 Stn 9 log FC Lmean9 Stn 10 log FC Lmean10



NOTES
Many birds present on beach near stn #8
Some birds present on beach near stn #8
Many birds present on beach near stn #8
* sampled at edge of inundated area
Many Canadian Geese near stn #8
Some Sea Gulls on beach only near stn #8
Cattle on lower Barton Meadow

Cattle present along Trout Cr.--upper meadow
Dog observed upstream from station #5, Cows present in
water throughout Truckee Marsh (#8, #9, #10)

Cows present at station #5, much algae floating in water

Dogs swimming in water prior to sampling at station #3,
cows present at station #8
Cattle in paddock nearest HWY 50 above Station 6 - in
river at watering location (fenced across river - photos to
doc), many birds present at station #8
Cattle not in paddock nearest HWY 50 above Station 6,
many birds bathing in water upstream prior to sampling at
station #4, water st station #5 barely flowing, large
number of birds present at station #8
Cows present at station #10, many birds present at
station #8, floating fecal matter from cows observed in
Trout Creek
No flow at station #5 bypass
No flow at station #5 bypass



NOTES
No flow at station #5 bypass, many birds present at
station #8, cows present near station #8 between Lake
Tahoe and Truckee Marsh, evidence of dog/human in
river at station #3 prior to sampling
cows present and in water upstream from station #10,
dog in water near station #8 while sampling, no flow at
station #5
No flow at station #5 bypass, many birds present at
Truckee Marsh
Station #5 bypass is flowing, Truckee River level is
slightly up,cows are present upstream from sample
location #5 bypass
Station #5 non-BMP bypass cloudy water, cattle in
paddock with bypass, cloudy water downstream at station
#6, no cows present at station #10.
Cows present upstream from station #5, water is very
cloudy, station #6 water is cloudy, station #1 very little
flow, no cows present at station #10

Cows present upstream from statin #10, water is cloudy
at bypass station #5, little flow at station #5

Cows present upstream from station #10
Fencing is down below station #5, no cows present near
Upper Truckee River, Cows present upstream from
station #10

,.-- ----- -~-- --.-'----~ .-----. - --- - . ----- -- _.-- ,- - - --·---::--1

:Fencil1gis still down downstream from station #5, no
I .
:cows present at Trout or U.Truckee .
No cows present, fencing remains down
*sampling was preceded by 3 days of light snow, no .
cows present

*sampling was preceded by a storm event.



NOTES
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TABLE 2: USFS Meiss Meadows Fecal Coliform Monitoring Data
Summer 2000

Big Meadows Meiss Baldwin Trout
lower mid upper lower center of upstream lower upper lower mid upper

allotment allotment allotment allotment Meiss Upper
boundary after boundary allotment Truckee R

enclosure

Date BM-1 BM·2 BM·3 M·1 M-2 M-3 B-1 B-2 T-1 T·2 T·3 NOTES
5/2/2000 0 3 1
f//?/?h'tlNN 93 49 0 13 26
6/112000 0 0 0 33 15
6/6/2000 0 3 2
6/8/2000 24 6
f//??ttftltltl 2 0
NtltltltlifJ? 6 2 3
If!m/?f? /?I! 0 1 0
?ttf#tlU/ftJ 20 22 6 3 6 2
tlU#ff?t?!?t 20 0
/??t!J!!!IN/? 6 0 210
f/tltllJtliltl 27 2 3
!!#t!t!/!!!!! 5 7 1
7/6/2000 33 37 94
7/7/2000 28 9 19 4 3
!!#!!lNlNN 280 96 33 2 8
tlh'#tltJtfN 6 0 0
!!!J!!Ii'Nt'!N 39 19 23
tltltI#lJtJl! 22 5 0
!!/?!Jiltlt'flf 34 36 31
h'tItIh'tI ill! 68 0 32 Lahontan QAlQC
8/3/2000 20 18 10 74 2 38 Lahontan QAlQC
#tltllltl#ff 0 46 4 Lahontan QAlQC
Nt! /?!!t'!l!f/ 20 12 8 10 0 8 Lahontan QAlQC
9/712000 6 24 16 10 2 8 Lahontan QAlQC
#tltI/ltlt'!!! 1 5 0 0 1 0 Lahontan QAlQC

0 0 0 10
r:&""""~"~~~-~'--" ..:__-:-_.'::~'<::V-""--"~-"_._---~~

*10/2/00 0 1 r~Holding timee>q)ired\';
Iff'___'y~~~;;;:;';,,';;;._,,_.",,- :...\'.,_._"_•...~_..,____" __••_ ______~_.......~~l



Additional field notes and data

m-FC CFU/100mL
Date Fenceline Background UTR Grass Lake Rd.
6/16/2000 5
6/19/2000 9 0



South Upper TruckeelTrout Creek Non-Point Source Monitoring Stations, Summer 2000

STN# Station Location Station Tvpe/Function Station Field 10
1 South Upper Truckee River (SUTR) in Christmas Upstream Station SUTR Bridge @

Valley at Bridge near USGS gauging station near HawleyGr.
Hawley Grade.

2 SUTR @ Highway 50 bridge, Meyers. Downstream Christmas Valley to assess residential SUTR@HWY50
impacts including small grazing (Celio Ranch) and (Meyers)
backyard livestock grazers.

3 SUTR at lower end of Lake Tahoe Airport at concrete Upstream of Upper Barton Meadows; downstream Airport - Cement
crossing Meyers and Tahoe Paradise + Lake Tahoe Golf Crossing

Courses

4 SUTR below fenced portion before confluence with Monitor influence of BMP implementation SUTR Main Channel -
bypass fenced Oust above

junction with bypass)

5 SUTR below unfenced bypass (beavers) in Upper Monitor impacts of livestock in unfenced (no BMPs) SUTR Bypass
Barton Meadows portion Channel - unfenced

Oust above junction
with main)

6 SUTR at Highway 50 Bridge near Carrows Resturant Downstream Upper Barton Meadows to get cumulative SUTR @ HWY 50 -
impacts and Upstream for Lower Barton Meadows. SLT

7 Trout Creek at Highway 50 Bridge Upstream of Trout Creek portion of Lower Barton Trout Cr. @ HWY 50
Meadow Bridge

8 Lower Barton Meadow Inundated Area near beach, spit Livestock Impacts if present in lower 1/3 portion Barton Meadows
adjoining Lake Tahoe (inundated area near Lake Tahoe) inundated area - cow

pie beach

9 Lower Barton Meadow Inundated Area middle Background sources from water fowl, etc. Barton Meadows
inundated area -
background mid-
meadow

10 Trout Creek at Lower Barton Meadow across from EI Downstream of livestock area Trout Cr. -lower
Dorado/San Francisco Streets before River Reaches
inundated area of Lower Barton Meadow





able 8. Annual Average Concentrations, CA and NV Tributaries
WY80 WY81 WY82 WY83 WY84 WY85 WY86 WY87 WY88 WY89 WY90 WY91 WY92 WY93 WY94 WY95 WY96

ALIFORNIA
Trout Creek 0.025 0.030 0.051 0.056 0.037 0.035 0.042 0.040 0.032 0.031 0.045 0.036 0.058 0.053
Upper Truckee 0.021 0.040 0.029 0.036 0.035 0.029 0.044 0.023 0.022 0.043 0.044 0.037 0.024 0.040 0.027 0.052 0.045

otal P (mgll) Blackwood Creek 0.031 0.032 0.051 0.045 0.021 0.016 0.053 0.014 0.Q15 0.056 0.037 0.051 0.031 0.059 0.027 0.071 0.126
Ward Creek 0.027 0.036 0.044 0.026 0.027 0.Q18 0.034 0.013 0.014 0.032 0.035 0.039 0.033 0.055 0.076 0.069 0.125
General Creek 0.019 0.023 0.020 0.013 0.013 0.016 0.011 0.011 0.018 0.021 0.021 0.017 0.023 0.017 0.027 0.031
Trout Creek 0.223 0.160 0.168 0.235 0.258· 0.152 0.275 0.249
Upper Truckee 0.271 0.204 0.204 0.212 0.278 0.146 0.281 0.192

otal N (mgll) Blackwood Creek. 0.197 0.137 0.218 0.161 0.255 0.103 0.293 0.270
Ward Creek 0.167 0.126 0.181 0.172 0.205 0.197 0.244 0.235
General Creek 0.166 0.131 0.161 0.145 0.169 0.123 0.231 0.195
Trout Creek 0.573 0.444 . 0.393 0.525 0.641 0.472 0.880 0.994
Upper Truckee 0.329 0.392 0.515 0.366 0.528 0.286 0.849 0.752

'otal Fe (mgJI) . Blackwood Creek 0.419 0.355 0.875 0.579 1.121 0.296 1.182 1.990
Ward Creek 0.254 0.220 0.357 0.278 0.518 0.826 0.720 1.690 .

General Creek 0.154 0.10 0.102 0.086 0.204 0.084 0.298 0.385

Trout Creek 48 5 44 43 34 20 7 5 7 5 11 11 50 27
rotal Suspended Upper Truckee 49 24 42 24 48 31 55 23 8 34 9 31 12 26 11 46 39
iediment (mgll) Blackwood Creek 85 14 152 38 26 15 125 12 4 14 7 18 9 67 11 86 146

Ward Creek 16 9 171 30 18 8 55 6 2 6 4 10 8 43 59 69 In
General Creek 4 42 8 8 4 25 3 2 4 3 4 3 12 8 17 26

NEVADA
third Creek 0.0051 0.0144 0.0100 0.0108 0.Q105 0.0094 0.012 0.012 0.0094 .

Soluble Incline Creek 0.0101 0.0145 0.0141 0.0110 0.0122 0.0139 0.014 0.014 0.013
Reactive logan House Creek 0.0015 0.0050 0.0050 0.0031 0.0037 0.0042 0.004 0.005 0.0031
Phosphorus (mgll) Glenbrook Creek 0.0095 0.Q114 0.0100 0.0151 0.0142 0.0122 0.013 0.014 0.021

Edgewood Creek 0.0200 0.0184 0.0244 0.0119 0.012 0.013 0.014

Third Creek 0.0409 0.0319 0.0223 0.0259 0.028 0.035 0.010 0.033 0.020
Total Soluble Incline Creek 0.On2 0.0487 0.0391 0.0404 0.042 0.037 0.027 0.035 0.029
Inorganic Nitrogen logan House Creek 0.0474 0.0155 0.0250 0.0373 . 0.037 0.014 0.016 0.012 0.011
(mgll) Glenbrook Creek 0.0537 0.0274 0.0200 0.0200 0.014 0.124 0.006 0.029 0.016

Edgewood Creek 0.0625 0.0359 0.055 0.036 0.021 0.035 0.035

Third Creek 13 105 48 28 27 16 8 80 447 332 1141 60 491 73
Total Suspended Incline Creek 44 82 40 37 27 73 34 124 39
Sediment logan House Creek 3 10 5 3 7 10 5 43 19

(mgll) Glenbrook Creek 5 11 6 5 6 11 22 29 21

Edgewood Creek 14 11 13 11 5 9 16

Source: TRPA,1996
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Wildlife

Range Management

Grazing of domestic livestock on National Forest
System lands is one of the multiple uses managed by
the Forest Service in the Lake Tahoe Basin. Grazing
of cattle, horses, and sheep in the Basin began
sometime in the late 1860's. This unregulated grazing
resulted in
overstocked and
degraded
rangelands.
Around the tum
of the century,
Forest Reserves
were created.
Also grazing
allotments were
created on these reserves in order to partition the
landscape into manageable units of land. These
allotments were permitted to livestock operators to
graze a specified type and number of animals for a
given time period. Photographs show the condition
and use levels of the Basin's rangelands in the early
1900's. Until the 1960's, livestock outnumbered
humans in the Basin. As the Basin became more
developed for human activities, livestock numbers
declined.

,, .

• 'Wildlife

• 'Mammals

• Indicator
Species

• Range
Management

Page Menu

Forest
Management

In the 1990's, grazing on Forest Service managed
lands within the Basin is limited to four active grazing
allotments. These allotments are located primarily in
the South Shore area. The Baldwin Allotment is
located along Tallac Creek near the Baldwin and Ski
Beach recreation areas. It encompasses approximately
210 acres and 50 horses/mules are permitted to graze
from July 1 to December 1. The Cold Creek
Allotment Is located at the headwaters of Cold Creek
north of Freel Peak. The area is commonly known as
"High Meadows" due to the large meadow that is

,_..__••••"'........_._ ...._. __,,_......_:.......__..'"_....._ ••~.I privately owned within the allotment boundary. The

lof3 11/9/2001 12:58 PM



USDA Forest Service LTBMU: Forest Management -- Wildlife: Range Management wysiwyg://9/http://www.r5.fs.fed.uslltbmu/management/wildlife/range.htm

j Itt l'" I· , t 'J t '! t~ r ~ J
i I J " ••'J~!.... 'j

... "7"""::'J,..- '-1 •

~r I' "Pt:

allotment
encompasses

, about 5,000
acres and 20
cow/calf pairs
are permitted
to graze from
July 15 to
October 15.
The Meiss

(pronounced "mice") Allotment is located along the
headwaters of the Upper Truckee River at the
southern end of Lake Tahoe's watershed near Carson
Pass. Grazing is permitted on 11,275 acres from July
1 to September 25 for 200 cows and their calves. The
Trout Creek Allotment is located at the headwaters of
Trout Creek. The allotment is about 15,000 acres and
60 cow/calf pairs are permitted to graze from July 15
to September 15. Other forms of grazing are
permitted within the Basin under our Special Uses
program, these include: horse stables, special use
pastures, and outfitter guide permits.

:~::~'~i~':~1~,i~~~~'..~~;·';J The emphasis of the Basin's range program is on

maintaining healthy, functioning ecosystems and
improving at risk ecosystems. This is achieved
through planning, designing, and implementing
proper livestock managementpractices. Forest
Service resource staff have developed a variety of
environmental indicators to be implemented that will
help resources achieve desired condition on all of our
allotments. Planning is used to bring all interested
individuals together to discuss what resource
problems exist, what is and isn't working with current
management, and what options exist to improve
resources and management. Designing a proper
management practice requires an understanding of
resource, livestock, and human needs in order to be
successful. This usually involves Forest Service staff,
interested individuals, and livestock operators.
Implementation becomes the responsibility of the
Forest Service and the rancher. This involves

~i~r~a:~€~&~~;~1 following the direction of the management plan and
monitoring.
Monitoring is
two fold and
focuses on
implementation
(annual) and
effectiveness
(5-10yr)
monitoring.
Monitoring is
done by Basin staff, grazing permittees, and other
Forest Service staff. If monitoring indicates that
resources aren't improving or management isn't
properly implemented then adaptive management is
used to improve conditions.
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300

Current
management
of the Basin's
rangelands has
led to a steady
improvement
of natural
resources

affected by grazing. Recent photographs show a
positive trend in the recovery of degraded areas. The
goal of the Forest Service in Lake Tahoe is to
continue to improve at risk and maintain healthy
rangelands so that all present and future users may
benefit.

Last updated: Thursday, October 04, 2001
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Page 1 TAHOE BASIN MONITORING 07109/00

Site Date 10 Location Depth Temp EC CI COD N03-N
msl C pH umhos mg/L mg/L mg/L Comment

Buried Sludge Monitoring

MW11 06/20/00 20000620-13 Sludge Pond 6267.8 8.1 6.79 77 0.8 < 5.0 0.076
MW12 06/20/00 20000620-14 Sludge Pond 6266.0 8.6 6.22 147 1.9 < 5.0 0.119
MW13 06/20/00 20000620-15 Sludge Pond 6257.2 7.1 6.83 729 2.6 16.3 1.520

ERB Monitoring

CONTROL 06/20/00 20000620-06 At Post Office 6282.9 9.8 7.01 175 6.9 < 5.0 2.490
MW01.5 06/20/00 20000620-07 SW corner of ERB 6268.8 10.4 7.25 170 2.9 < 5.0 0.630
MW02-50 06/20/00 20000620-08 Black Bart side of ERB 6268.6 11.0. 6.87 408 38.9IT: < 5.0 8~820;!.; •MW03-50 06/20/00 20000620-09 Black Bart side of ERB 6268.6 11.0 6.56 375 33.4' < 5.0 3.490
MW04-50 06/20/00 20000620-10 Hank Monk side of ERB 6268.7 8.8 6.67 75 4.!:! < 5.0 0.057
MW07-50 06/20/00 20000620-11 North side of ERB 6279.3 8.8 6.30 26.1 26.7 < 5.0 0.649

Heavenly Valley Creek
HVC-1 06/02100 20000602-06 Downstream of Pioneer 5.8 7.62 33 0.6 < 5.0 0.015
HVC-2 06/02/00 20000602-07 250' upstream of Pond #2 5.4 7.40 35 0.7 < 5.0 < 0.010
HVC-3 06/02/00 20000602-08 . 25' downstream of Johnson Blvd 5.4 7.44 36 0.9 < 5.0 0.015
HVC-4 06/02100 20000602-09 Effluent of drain from Lower Shop 9.4 7.41 115 0.7 < 5.0 0.071
HVC-5 06/02/00 20000602-HVC5 Effluent of drainage pipe along Jo Dry

Treatment Plant Monitoring

MW08-25 06/20/00 20000620-12 SW side of Pond #1 6247.4 10.1 6.30 1031 50.6 85.2 < 0.010

•
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Loads and Yields of Suspended Sediment and Nutrients for Selected Watersheds in
the Lake Tahoe Basin, California and Nevada

Timothy G. Rowe, Hydrologist

u.s. Geological Survey

Abstract

The U.S. Geological Survey, in cooperation with the Tahoe Regional Planning Agency, has monitored
tributaries in the Lake Tahoe Basin since 1988 to determine streamflow and concentrations of sediment
and nutrients contributing to loss of clarity in Lake Tahoe. Loads and yields of suspended sediment and
nutrients for 10 selected watersheds totaling nearly half the area tributary to Lake Tahoe (152 square

miles [mi2]) are described. The size of the watersheds ranges from 2.15 mi2 (Logan House Creek) to
56.5 mi2 (Upper Truckee River). .

The Upper Truckee River had the largest median loads of sediment (7.2 tons per day [ton/d]) and
nutrients, in pounds per day (IbId): total ammonia plus organic nitrogen (TKN), 110; dissolved nitrite
plus nitrate (N02+N03)' 7.7; total phosphorus (TP), 31; and total bioreactive iron (Fe), 400 IbId. Logan
House Creek had the smallest loads of sediment «0.01 ton/d) and nutrients (TKN, 0.26; N02+N03,

0.02; TP, 0.02; and Fe, 0.09 IbId).
~

Third Creek had the largest yield for sediment (0.32 (ton/d)/mi2) and Fe (13 Ib/d/mi2), Ward Creek for

TKN (3.4 Ib/d/mi2) and TP (1.1 Ib/d/mi2), and Blackwood Creek for N02+N03 (0.68 Ib/d/mi2). Logan

House Creek had the smallest yield for sediment «0.01 ton/d/mi2) and nutrients (TKN, 0.12; N02+N03,

0.01; TP, 0.01; and Fe, 0.041b/d/mi2).

Introduction

Lake Tahoe is an outstanding natural resource and famous for its alpine setting and deep, clear waters.
Protection ofthis renowned clarity has become very important in the past half century, as the clarity has
been decreasing by about 1 foot per year (Goldman and Byron 1986). This decrease is due mainly to

human activities, which have increased dramatically in the Lake Tahoe Basin since 1960.

Increased nutrient concentrations within Lake Tahoe are considered the primary cause of algal growth,
and thereby loss of clarity, in the lake. Suspended sediment also is of concern, because nutrients attach to
and are transported by sediment particles. Within the Lake Tahoe Basin, stream discharge is suspected of
being one of the major pathways for nutrient and sediment transport to the lake. Increased development
has accelerated this transport through urbanization of wetland areas, added erosion from development of
steep mountain sides, and discharge by septic and sewage system~ within the basin.

'''"';:.,

Public concern for the clarity ofLake Tahoe also has increased over the years. As an example, voters in
Nevada passed bond acts in 1986 and 1996 to fund construction projects in Nevada to reduce erosion
and the transport of nutrients and sediments to Lake Tahoe.

3/24/00 II :49 AM
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The Tahoe Regional Planning Agency (TRPA), the U.S. Geological Survey (USGS), the Tahoe Research
Group of the University of California, Davis (TRG), and State and local agencies have been monitoring
the Lake Tahoe Basin for nutrients and sediments since the 1970's. One cooperative program, a
tributary-monitoring study by the USGS and TRPA, began in the 1988 water year. The primary purpose
of the study was to provide a long-term data base for monitoring local water-quality thresholds and
estimating the loads of nutrients and sedime~t from selected Lake Tahoe tributaries. This study irntially
included four Lake Tahoe Basin watersheds and has expanded over the years. The current network
includes 32 stream sites in 14 of the 63 Lake Tahoe watersheds where sediment, nutrient, and streamflow
data are collected (fig. 1 and Boughton et al 1997).

This paper presents findings from the cooperative study for 10 near-mouth sampling sites in 10
watersheds of the Lake Tahoe Basin during water years 1988-96. For this report, the period of record for
four sites is 1988-96, and for six sites is 1993-96, although the data-collection effort is ongoing. All years
referred to are water years-October 1 through September 30.

Nutrients sampled are total ammonia plus organic nitrogen (TKN), dissolved nitrite plus nitrate

(N02+N03)' total phosphorus (TP), and total bioreactive iron (Fe) (iron that is biologically available to

phytoplankton). Suspended-sediment and nutrient data used in this report are from instantaneous samples
collected during the day throughout the entire water year.

Description of Study Area

Lake Tahoe, the highest lake of its size in the United States, with an average lake-surface altitude of
6,225 ft above sea level, is about 22 miles (mi) long and 12 mi wide. The average depth of the lake is
about 1,000 ft and the deepest part is 1,646 ft (fig. 1). The basin area is 506 square miles (mi2),

consisting of 192 mi2 in lake-surface area and 314 mi2 in surrounding watershed area (Crippen and
Pavelka 1972). The highest altitude in the watershed is in the Trout Creek Basin (10,881 ft).

The 10 watersheds sampled for this study compose nearly half (152 mi2) the watershed area. The size of
the selected watersheds ranges from 2.15 mi2 (Logan House Creek) to 56.5 mi2 (Upper Truckee River).
The main stream channel lengths range from 3.30 mi (Logan House Creek) to 21.4 mi (Upper Truckee
River).

Precipitation, which falls mostly as snow from November into June, varies across the basin, from 30-40
inches per year (in/yr) on the eastern side to 70-90 in/yr on the western side (Crippen and Pavelka 1972).
Annual precipitation in the basin was below normal for 6 years (1988-92 and 1994) and above normal

during the remaining 3 years (1993, 1995, and 1996) of the study (Dan Greenlee, Natural Resources
Conservation Service, oral commun., 1996).

Methods

Streamflow was measured and gaging stations were operated according to USGS guidelines (Buchanan
and Somers 1969; Kennedy 1983). All streamflow data are available in USGS electronic data bases and
USGS published annual Water Resources Data Reports for Nevada and California.

Drainage areas for sampling sites and total watershed areas (table 1) were reported by Cartier et al
(1995), and channel lengths were reported by Jorgensen et al (1978).

3/24/00 11:49 AM
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Water-quality samples were collected using USGS guidelines (Edwards and Glysson 1988). The samples
were analyzed for nutrients and iron by TRG laboratories in Davis and Tahoe City, Calif., according to
procedures described by Hunter et al (1993). The samples were analyzed for suspended sediment by the
USGS California Sediment Laboratory in Salinas, Calif, using USGS guidelines (Guy 1969). All
water-quality data are available in USGS data bases and in published annual Water Resources Data
Reports for Nevada and California.

Daily loads of suspended sediment and nutrients were calculated by multiplying the instantaneous nutrient
and suspended-sediment concentration values by the instantaneous streamflow value and converting the
product to tons per day or pounds per day.

For each watershed, summary statistics were calculated for loads of suspended sediment and the four
nutrients using methods described by Helsel and Hirsch (1992) and are shown in figure 3; median daily
loads are presented in table 3. Median values were chosen as preferable summary values because they are
not strongly influenced by a few extreme values.

Median loads were normalized to a common unit (square miles), and the resulting yields were ranked for
each of the 10 sampled watersheds, with a rank of 1 assigned to the highest median yield and 10 to the
lowest. Rankings were then summed up for all sediment and nutrients and divided by five to give an
overall general ranking of the sampled watersheds for yields.

Results

Instantaneous streamflow at the time of sample-collection visits ranged from 0 cubic feet per second

(ft3/s), at two sites during low base-flow periods in July 1988 and August 1994, to 1,750 ft3/s at Upper
Truckee River during a rain storm at the spring snowmelt-runoff peak in May 1996. The highest median

streamflow value for sampling visits was 158 ft3/s at Upper Truckee River. The lowest median
streamflow value was 0.20 ft3/s at Logan House Creek (table 2).

For periods of record discussed herein, the Upper Truckee River had the highest average annual daily

mean streamflow, 123 ft3/s, and highest average annual runoff, 89,000 acre feet (acre-ft), and Logan

House Creek had the lowest at 0.30 ft3/s and 221 acre-ft, respectively. The highest average annual unit

runoff, 2,860 acre-ft/mi2, was in Blackwood Creek and the lowest, 106 acre-ft/mi2, was in Logan House
Creek.

The hydrograph of daily mean streamflow for Incline Creek (fig. 2A) for 1996 shows a seasonal pattern
that is typical of streams in the Lake Tahoe Basin. Most runoff is during the April-through-June snowmelt
period. Sharp peaks represent fall and early winter rains (December), rain-on-snow storms (February),
and summer thunderstorms (May and July).

The longer term hydrograph (fig. 2B) for Incline Creek for the 9-year period of record discussed herein
clearly shows the effects of drought (water years 1988-92 and 1994), as compared to years in which
runoffwas above normal (1993, 1995, and 1996). The average annual daily mean streamflow for the 9

years is 6.26 ft3 Is.

Instantaneous measurements of suspended-sediment concentrations from the 10 stream sites ranged from
<1 milligrams per liter (mgIL) at many sites during the summer to 3,930 (mg/L) at Third Creek during a
rainstorm on snowpack in March 1993 (table 3). Median values ranged from 3.0 mg/L at Logan House

3/24/00 II :49 AM



Loads and Yields of Suspended Sediment an...eLake Tahoe Basin, California and Nevada

Creek, to 80 mg/L in Third Creek.

http://204.87.241.11/98proceedings/Papers/50-ROWE.html

4 of 14

Median suspended sediment loads ranged from <0.01 ton per day (ton/d) for Logan House Creek to 7.2
ton/d in the Upper Truckee River. Median yields of sediment showed different results-from 0.01 ton per

day per square mile (ton/d/mi2) for Logan House Creek to 0.32 ton/d/mi2 for Third Creek. When yields
were ranked, Third Creek had the highest rank (1) and Logan House Creek had the lowest (10; table 3).

Instantaneous measurements of nutrient concentrations varied throughout the basin (table 3). For TKN,
the range was <0.01 mg/L-24 mg/L, both at Third Creek, with the highest during a summer thunderstorm
in July 1990. Median TKN values ranged from 0.12 mgIL in Ward and General Creeks to 0.23 in Third
Creek. For N02+N03, the range was from <O.OOlmg/L for two sites to 1.25 mgIL at Glenbrook Creek

during a rainstorm on snowpack in March of 1993. Median N02 + N03 values ranged from 0.005 mg/L

in General Creek to 0.031 mgIL in Incline Creek. For TP, the range was from <0.001 mg/L at Logan
House Creek to 9.42 mgIL at Third Creek during the summer thunderstorm in July 1990. Median TP
values ranged from 0.020 mgIL in Logan House Creek to 0.052 mgIL in Incline Creek. For Fe, the range
was from 8 micrograms per liter (Il gIL) to 33,900 Il gIL, both at Ward Creek, with the highest during a
rainstorm in October 1994. Median Fe values ranged from 74.5 Il gIL in Logan House Creek to 1,360 Il
gIL in Third Creek.

The Upper Truckee River had the largest median daily load of all nutrients (TKN, 110; N02+N03, 7.7;

TP, 31; and Fe, 400 IbId), whereas Logan House Creek had the smallest (TKN, 0.26; N02+N03, 0.02;

TP, 0.02; and Fe, 0.09 IbId). Summary statistics for sampled loads for the 10 watershed sites are depicted
by box plots in figure 3.

Median daily yields for TKN ranged from 0.12lb/d/mi2 at Logan House Creek to 3.4 Ib/d/mi2 at Ward
Creek. N02+N03 ranged from 0.01 Ib/d/mi2 at Logan House Creek to 0.68 Ib/d/mi2 at Blackwood

Creek. TP ranged from 0.01 Ib/d/mi2 at Logan House Creek to 1.1 Ib/d/mi2 at Ward Creek. Fe ranged

from 0.04 Ib/d/mi2 at Logan House Creek to 13 Ib/d/mi2 at Third Creek.

Median daily yields were ranked for each constituent by watershed. These rankings represent degree of
potential constituent contribution to Lake Tahoe, per unit area of watershed, with 1 indicating the highest
contribution and 10 the lowest. For TKN, Ward Creek ranked highest and Logan House Creek the
lowest; for N02+N03, Blackwood Creek was the highest and Logan House Creek the lowest; for TP,

Ward Creek was highest and Logan House Creek the lowest; and for Fe, Third Creek was the highest and
Logan House Creek the lowest. When the ranks of yields for suspended sediment and the four nutrients
were averaged, Blackwood Creek was highest and Logan House Creek lowest. The overall ranking, from

highest to lowest, (fig. 3), was Blackwood Creek, Ward Creek, Third Creek, Upper Truckee River,
Incline Creek, General Creek, Trout Creek, Edgewood Creek, Glenbrook Creek, and Logan House
Creek.

Discussion

Concentrations of suspended sediment and nutrients varied widely in the sampled watersheds of the Lake
Tahoe Basin. This variation is largely due to differences in weather patterns, precipitation amounts, and
natural conditions across the basin. For example, more precipitation falls on the western side ofLake
Tahoe, and the streamflow runoff and sediment and nutrient loads reflect that. The years of drought
conditions also reduced both nutrient and sediment loads in the watersheds.
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When the concentrations are flow-weighted and loads are calculated, the largest loads are in the Upper
Truckee River watershed. This is solely because the Upper Truckee River is the largest watershed and
delivers the greatest annual runoff to Lake'Tahoe. The smallest loads are from Logan House Creek,
which is the smallest of the 10 sampled watersheds and delivers the least annual runoff to the lake.

Third Creek has the highest sediment and Fe yield, which is due to the exposed soil caused by the large
snow and rock avalanche of February 17, 1986, in the upper reach (Bill Quesnel, Incline Village General
Improvement District, oral commun., 1992). Ward Creek had the highest yield for TKN and TP and
Blackwood Creek the highest for N02+N03, possibly because of human activities in the area.

The ordered ranks show that the largest yields of sediment and nutrients were in Blackwood Creek,
followed by Ward Creek, Third Creek, Upper Truckee River, and Incline Creek. The watersheds with the
smallest yields are Glenbrook and Logan House Creeks. This ranking agrees with a suspended-sediment
study on nine Lake Tahoe Basin watersheds (eight of which are included here) between 1981-85 by Hill
and Nolan (1988). They found that the highest annual suspended-sediment yields were from Blackwood
Creek, Ward Creek, Upper Truckee River, and Third Creek.

For the 10 selected watersheds, the higher yields were from six watersheds on Lake Tahoe's western,
southern, and northern sides, all of which receive greater precipitation and are more developed and
affected by human activities. The lower yields were from four watersheds on the eastern side, which
receive less precipitation and are somewhat less developed.
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1. Geographic setting, hydrologic basins, bathymetry, surface-water sampling sites, and selected watersheds in the Lake
Tahoe Basin (modified from Rowe and Stone 1997).
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Figure 2. (A) Daily mean streamflow for Incline Creek during 1996 water year, a representative stream in the Lake
Tahoe Basin; (B) Daily mean streamflow for Incline Creek, 1988-96 water years, representing years of drought and
above-normal runoff.
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Figure 3. Daily suspended-sediment and nutrient loads depicted by box plots and yield ranks for selected
surface-water sampling sites in the Lake Tahoe Basin, 1988-96 (modified from Boughton et al 1997).
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r....·· ..·.. ;:~~~ ..~·~ ..~~·:·~~~·~~~~~·~~··~·~;:;::~~:~ ..~~; ..~~~~~~~~ ..~:~~ ..;:~·~·~ ..~~~·~·~ ..;:~~;~~·~~·~· ·....ll
r..····.. ·· · ·..··..·..·····..·..·..·····..··..···· .. ·· ..······..······.. ·· ..f..··..;:~:~·~~~·~~~~~~ Il"..·~·~=·~~~~~~~~·· ..;·· ·..····.. !I

i Sampling site : drainage area ii drainage area : Main channel Ii
i (figure 1) : (square miles)9 ii (square miles) : length(miles)b Ii

Il.l

9.73

10 of 14

Third Creek near Crystal Bay, Nev.

Incline Creek near Crystal Bay, Nev.

Glenbrook Creek at Glenbrook, Nev.

Logan House Creek near Glenbrook, Nev.

Edgewood Creek at Stateline, Nev.

Trout Creek at South Lake Tahoe, Calif.

Upper Truckee River at South Lake Tahoe, Calif.

General Creek near Meeks Bay, Calif.

Blackwood Creek near Tahoe City, Calif.

Ward Creek near Tahoe Pines, Calif.

aFrom Cartier et al 1995.

bFrom Jorgensen et al 1978.

6.05

6.70

4.11

2.15

6.64

41.2

56.5

7.63

11.2

9.75

4.10

2.09

5.61

~ :::
~: 7.39

i

7.05

4.66

3.92

3.30

5.53

10.7

21.4

9.17

6.20

5.90
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jO::::::::::::;;;;;;;:::::::::::::::::::::::::::::::::::::::::::::::::::::::::;:::::::;;::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::.:::::::::::::::::::::::::::::::::[i

i Table 2. Streamflow Information for Selected Lake Tahoe Basin Watersheds Ii
: II

H
H
il

. [Abbreviations: acre-ft, acre-feet; ftJ/s, cubic feet per sec()nd; ft, feet; mi2, square miles.] Ii

Period of Average annual Average
Range and median record mean daily annual Average

of sampled (water streamflow runoff annual yieldb

Sampling site streamflow (ft3/s) years) (ftJ/s) (acre-ft) (acre-ft/mi2)

TIri,d Creok 1988-96 6.68 II 4,830 802

Incline Creek 0.93 - 118 (6.0) 1988-96 6.26 5,040 753

Glenbrook Creek .56 - 71 (5.7) 1988-96 1.30 943 230

Logan House Creek 0 - 35 (0.88) 1988-96 .30 221 106

Edgewood Creek 0 -7.9 (0.20) 1993-96 3.72 2,690 480

: ! 1.1 - 25 (3.6): 11 ii: Ii

Trout Creek

Upper Truckee
River

General Creek

Blackwood Creek

Ward Creek

3.2 - 305 (49.5)

.70 - 1,750c (158)

.41 - 559 (30.5)

1.1 - 936 (60.0)

.22 - 950 (47.5)

1993-96

1993-96

1993-96

1993-96

1993-96

44.8

123

20.2

44.0

32.1

32,400

89,000

14,700

31,800

23,200

802

1,650

1,990

2,860

2,380
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aMedian, in parentheses, equals 50-percent value.

bYield is annual runoff divided by sampling-site drainage area.

CBold indicates highest value.

Table 3. Suspended-Sediment and Nutrient Information for Selected Lake Tahoe Basin
Watersheds

[Nutrient concentrations from Tahoe Research Group, University of California, Davis (1996). Abbreviations: mglL, milligrams

per liter; ton/d, tons per day; ton/d/mi2 , tons per day per square mile; Ibid, pounds per day; Ib/d/mi2, pounds per day per square
mile; mg/L, micrograms per liter]

lr'"''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''"'''~:''~::;::~:'~''~:~':~':~:''''''''''''''''''''''''''''''''''''''''''''''''''"""""'''''''''''''''''''''''''''''''''''1 1

11 · · ·.. · ···.. __.. · jl · ·· .. ··· ..·····..· ·..· ·..·······..·· If"· ~~~~:~ ·j ~~·~~~:· ·······W..··.. ·· ·~··· ··:

Ii Ii Ii loadb : yieldC II Yield
Ii Sampling site Ii Instantaneous measurement Ii (ton/d) (ton/d/mi2) Ii rankd

1:"'"'''''''''''''''''''''''''''''''''''''''''''''''1:'''''''''''''''''''''''''''''''''''''":(",,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,j!,,,,,,,,..,,,,,,,,,,,,,,,,,,,,,,,\(,,,,,,,,,,,,,,,,,"""""""""'''':i'''''''''''''''''''''''''''''''''~
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II i con~::t;:tion . con:::::~ona I: : '. II
Ii Ii (mg/L) :.' (mg/L) I: i Ii i~

r:::~~:::~~l~~o:~i""=~
I: j: : I: ::

!::::::~ I ~1-_6::8! :: , ::1 ,:: I 1
9
0 .

11 Edgewood Creek II 1 - 130 I 5.0 II .08 i .01 !I 8 :1

I:'"'''''''''''''''''''''''''''''''''''''''''''''''''J['''''''''''''''''''''''''''''''''"'"i''''''''''''''''''''''''''''''''''''''('''''''''''''''''''''''''''''''':'''''''''"'''''''''''''''''''''''''''''':1''''''''''''''''''''''''''''''''':
Ii Trout Creek Ii 2 - 335 : 14 I: 2.5 i 0.06 !i 6 :

Upper Truckee River 1 - 458 15 7.2 .13 4

General Creek <1 - 404 7.0 .43 .06 7

Blackwood Creek 1 - 1,080 16 2.6 .23 2

:1 ~~~ ..~.~.~~~ .JI ~~ ~..~:~~.~ L ~.~ J ~.:~ :.~.~ J ~ .
l.
j,
l:

!I'''''''''''''==''''''''''''''''''''''''''''''''''''''r''''=''''=''''''''''''''''''''=~:'"~~'~'~='::':"::~'~~r::~'::::':''''''''=''r'''''''''''''''''''=''''''''""''''''''''''T"",,,,,,,,,,.,-.,,,..,,,=,,,,.,,j
Ii I: ,i Median : Median!i i
Ii Ii Ii i. c ii . :
H Ii 1i loadb : yIeld 11 YIeld I

I: Sampling site I: Instantaneous measurement I: (IbId) : (lb/d/mi2) 11 rankd I
l; ..· ·· · ··..· ····..· l~..···..·..· ·········· ··i..·..·····..·..·······..··· ..······· :l·························..·· ;.-····..·.. ···· ..· · ·· ··1 · :!
H Ii Concentration i Median Ii i Ii :
j: I: :: ;::l: I: range : concentrationa Ii 1::
!1 Ii (mglL) j (mglL) Ii !!:
i;····· .It 1 H 11 :
Ii 1
I: , Total ammonia plus organic nitrogen i
li:::::""""''''''''':'':'';:;;'':::::;''''::::::::i?::;:;::;'''';""":;:::;:;::::::::::~'::::::""::::":":":":::"":":"i~"":":::"":"::":"":""::~''':'''''''':''''''''::::::::;:'''':''''''<j'''''',,,,,:::::::,,:,,:,,,,,,,":

Ii Third Creek Ii <0.01- 24 i 0.23 Ii 12 . 2.0 Ii 5 :

I:::~:::k I:::~~ I~: I~2: i: I:0
Ii Edgewood Creek Ii .04 - 1.1 : .21 Ii 4.8 : .86 ii 8 :

I:""""""''''''''''''''''''''''''''''''''''''''''j:''''''''''''''''''''''''':'''''''''''': """"''''''''''''''''''''''''''''''!:''''''''''''''''''''''''''''''''''i''''''''''''''''''''"""":":"'''''''i?'''''''''''''''''''''''''''''''''i
~ Trout C,eek ~ 0.03 -2.1 '0.21 r69, 17 ~ 6 ·

!::.~;:~V~ !:::~~:: L:o ·:: ~ :
II Blackwood Creek II .02 - 1.7 .13 !I 36 3.3 II 2
Ii !i Ii !i
11 Ward Creek I: .01 - 1.2 ,.12 Ii 33 , 3.4 ii 1
1' 1: ; 1: :: 'L. .
J:
Ii Dissolved nitrite plus nitrate
l: .,·· " ·"'·· ··"' ·· ·~··· _· ···· ··_·· "..~ .- ..,"' ·· ··.,.., · ··· ..··~r ..., "'., r: .,...,.., - .- -' ·· -;-r ··..···· ··.."'..·· ···· · -- _ ~:"'.-.- - _ -.- - - --.;
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2

4

3

6

.39

.57

.86

0.3615

31

2.9

9.5

l: I: ,.

Ii Third Creek <0.001 - 0.439 0.014 Ii 0.60 0.10 1,:I,,!,:j 6

Ii Ii
I: Incline Creek .003 - .330 .031 I! 1.1 .17 I: 3
Ii Ii Ii
i: Ii Ii 9

~ :~:::::::k <::21-:::::: I:::~ ~ 10

Ii 11 'Ii i (iIi Edgewood Creek Ii .002 - .070 .019 i .45 : .08 Ii 7

il"';;~:~' ;;~~~"""""""''''''''''i('''~:~~;'~'~:~'~~'''' ·· · ·~:~~·~········ ·Il·..~·.·~ ~ ~~ ii· ..~ ·..·..· ·..·
Ii Ii !i Ii
Ii!i Ii IiIi Upper Truckee River Ii .002 - .050 .012 Ii 7.7 .14 ii 5

Ii General Creek Iii .002 - .033 .005 Ii 1.2 .16 Ii 4

IBlockwood C,"ok I .002 - .086 .016 17.6 .68 !I

Ii Ward Creek Ii .001 - .072 .010 Ii 2.8 .29 !i 2I:'''' - ~------------,; -..----..-- --..-- -- --..:.. 0 __...;: • .. ------..;.. -- --------..---- --..--- ••!; -- ---.--..... -.."

Ii (continued) :
I:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::;:;:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::;::::::::::::::::::::::::::::

II Table 3 (continued) :
11::::::::::::::::::::::::::::::::::::::;::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::;;:;::::::::::::::::::::::::::;::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: ::::::::::~

Ii B. Nitrogen and Phosphorus (continued) :
I· · · · · ·..· · ·..·· ·· ·..·· ..· ,

II II II Median: Median II i
E H 1\ loadb : yieldC H Yield :
l' l. I·· ,. .Ii Sampling site Ii Instantaneous measurement Ii (IbId) i (lb/d/mi2) :j rankd i
11"-c."'«:<~=~~~:<,~c.,:<;«·:<,:<,«':<~:<~;lt~~::::::::;;::'T=;"~;:~~·:"=««ill~«~«~=='~"':<,~~~'·;1 ~·:<~~~~'~~~"'·:<,·;~~~'~~~'l!"'«««"'«=«,·;~,,·:,,««·;·:·iI
11 j: : ,: : ;! :
Ii .!~ range : concentrationS J'1 : Ii :1
Ii Ii (mglL) i (mg/L) i i Ii :
!i::::;,,::;;;;;;;::::;;;,,::;::,::::::;:::;;;::;::;;;~;::::;,,;::::;;;;;::;;;;;;;;;;;;::::;;':.;;::;;::,,:::::::::;:::;:::;;:;::::::;.1:::::::::::: :::::::::::::::::::::L::::::::::;::::::;::::::::;:::::::::::::iL::::::::::::;::::;:::;:::::::::i

Ii Total phosphorus
1: -- · · ·.. · ·..· · ·..· · :

II Third Creek II 0.002 - 9.42 I 0.051 Iii 2.2 i 0.37 II 5 i
Ii H : : i !i :
Ii Incline Creek Ii .004 - 1.12: .052 Ii 2.0 ! .29 Ii 7 !l

i::::::::~ I<°::1-_
1

;:0 I::: II:: I: i 1
9
0 :.

Ii Edgewood Creek lj .008 - .507 i .041 Ii 1.2 i .21 Ii 8 :
H __ ..I~ ; !! : !I ·..1
I. I, r

~ :::C::re Rivcr ~ 0:::°2::
3

°:3: !
i! General Creek Ii .007 - .275 .021 Ii
Ii Ii IiI. I, •

Ii Blackwood Creek Ii .0lD - .994 .031 ii
i:·: i:
I' Ii IiIi Ward Creek Ii .008 - 2.02. .032 Ii 11 : 1.1 !; 1 :
il,«,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,·:<)L,,,.,:<<<,,.,,,,,,,,,,,,,,,.,,,;,,,,,,.!."~~,;:::;.~:;::::~~;:,.;;::"-."",..,,,,,,.:<.i.,,,,.;,,,,,,,,,,"""""c.«:<.:<".:<")1""«",.:<<<=",,,,,,,,·:,,·:<,,·:
H
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I: Ii . I, :. c i; • "Ii : Ii loadb i yIeld !i YIeld ,

Ii Sampling site Ii Instantaneous measurement Ii (IbId) i (lb/d/mi2) II rankd
:

!i..·.. ··..· ·..···· ..· · ·············..···-r ········..··················;······..·..·..····· ..·..·······..·..···i:--· : ··..·ii·· ..··· ···· .. ·· · ······:
!i ii Concentration: Median 11 : Ii i
Ii II! range : concentrationa Ii : !! :
I: : : " : :: :
I[ ji (mg/L) i (mg/L) Hili ~

Ir'''''''''''''''''''''"'"''''';''''''''''''''''"'''"'''':'''''"'''''''lf''''''''''''""''''''''.,.:,,''''''''=~';""''''''';''''''';''''';-;';'''''''';'''''''''i1'''''''''''''''';''''''""''''''''''''~""""""""""'"'''''''''''''''''''''''':i'·''''"''''';;'''''''';''';-:''':""".;~
II Third Creek Ii 219 - 33,300 I 1,360 II 77 i 13 Ii 1 :I:~:::::oek 12:36-2:~:O:; I~:O ~ :: ; 9.: I : .

Ii Logan House Creek Ii 18 - 2,750 i 74.5 Ii .09 : .04 I! 10 :
Ii Ii i Ii i ii i

IL:~~::~~~,~~~~,~::,::::::::JL:::::::,~::~::~:,~:;,~::::::,J::::::,::::::,~~~::::::'::::::::'lt,:::::,::::,::~,=::::::::::::::L::::::::::::,::::;~::,::::::::,::,JL,::,::::::::~,::::,::::::::J
Ii Trout Creek . II 137 - 8,750' I 620 Ii 230 i 5.6 II 5 [

~ ::.~:~ llivoc 1:::::::: I ::~ ~ ~050 ; :~ i :
II Blackwood Creek i 103 - 14,800 i 440 Ii 110 10 Ii 2 :
Ii Ii , : Ii i ii [I
Ii Ward Creek I: 8 " 33,900: 159 I: 44 : 4.5 Ii 6 [:
!L::::::::::::::::::::::,::::::::,::::::::::,::::,)::::::::::::::::;'::::::::,;::::,::,::)::::::::::::::,::::::::,::::,::::::::JL::,::::,::,::::::::::,::,::::,L:::,:::::::::m::::::::::::,::,::::::'!L::::,::::::,::::::::,::::::::J

a Median equals 50-percent value.

b Median load equals 50-percent value. Load = concentration x streamflow x load factor (0.0027 for tonld; 5.394 for
lb/day).

C Median yield is median load divided by sampling-site drainage area,

d Rank from 1 to 10: 1 indicates highest contribution of constituent and 10 lowest contribution. Overall rank for all
constituents: (1) Blackwood Creek, (2) Ward Creek, (3) Third Creek, (4) Upper Truckee River, (5) Incline Creek, (6)
General Creek, (7) Trout Creek, (8) Edgewood Creek, (9) Glenbrook Creek, and (10) Logan House Creek. See Figure 3.

e Bold indicates highest value.
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Data Category: Geographic Area:

k t' r---.J r--.J0-Water Resources ~ 1___ 1_.._

Water Quality Samples for California
USGS 10336610 UPPER TRUCKEE RIVER AT SOUTH LAKE TAHOE CALIF

I Output formats i
EI Dorad~ Cou~ty, California i Iparameter Group data sUn::'mary ... ..-J!
HydrologIC Dmt Code 16050101 ! IInventory of available water-quality data JI
Latitude 38°55'22" Longitude 119°59'23" NAD27 ! . . _.- . ....... --.. '- . i

Drainage area 54.90 square miles II [!ny_:~.!~9'_ of_.v.Y~_~_:~.:E1L!.alitX ..~.~.!~_.~i!~ ret~!e~a~ .... ..J I
Gage datum 6,229.04 feet above sea level [!ab-s~p.?r~.~~~._~.?~II.fil~! s~ciai o~9~~_.. _._ ___.._J i

NGVD29 ITab-separated .~~.C!~J~Ie:~._~__~ge ord~r _ ..J I
I~~~~Iect o~tP':lt !ormat", . .. _. II

I NITRO- I NITRO- I I
! GEN,AM-I GEN, I '1
i MONIA + I N02+N031 PHOS- i
i ORGANIC! DIS- I PHORUS I
I TOTAL! SOLVED j TOTAL I
I (MG/L i (MG/L i (MG/L I

SAMPLE MEDIUM I AS N) ! AS N) i AS P) I

DATETIME I CODE I (00625) I (00631) I (00665) I_ .. _. .. _.._ _ _._ . ._ .J. ._.. ~ _ .._. _.._ _... .__

'-~?9.~.~~~.~..?_l.~.~.:.~?j 1__ 9-'L _ _._~!_~7.1 il. .?!_?_?J1.. _ _ ?~~~J
t.~~~_?_~11-9?...1~ :~?.II _......... 91'- _ __.:.3~? 1..J1.._._..... :.0_?:~.J I_... :?!.~~J
11 ~?6-1.~ -18 1~_:~O 11_ 9J[ ._~?JI_.__~11 .105 1
I!.?J~=.~_~~.~?_.~.~~~.~JL_._._.__..!JI_. :~.?~~JI. ~~~JI_ .. ~O~~J
1..1 996~.~.~=?5 .1.~~ 1~...I L.._. .__ ~!L.. .:g?_6..~J 1.......:glg~_II.._ .. '"...:~.~~~J
I.!.~~~=.~~~?~.~:..~.?_IL ~jL _.:~ ~2~.II _.:O.~.~.~JL ..__ .. _:.?~.~~J
I..~~~:E~!~_~.~??J I.._..__.__ ..~JL __.._..:~!2~.~j I . .·.?1J1.__. .?736J

1.1996-1~-13 13M:O_?JI._ _. ?JL.. .~~~.l_. __:~J1 _:04741

1.19~6-12-31 15 :~?JL._..__. __.~.iI. .2~~ I. ._.-:.~1~.~J t,",,_,,_:~?",~J

1.!~~2"~,?_~_~~!_.~L.?~jt.._ ~jt ~~.~.II _._ O1..~~J I._.._.._~~.~.~~.j
1.19~?-~.~=O~__~?:~?.IL._ .._.._ ?II _ ~_~~.?II_ _·.??~? II._ ._.:~~.~.~J
IJ9~?-0_~~?3_ 11 :4? .1'---._._ 9 II .1587 JL . .O_O~.~.JI__ _ ~?8_? I
1.1..22.1-01-0~ ..t._~.~~?.J 1_._.._.__.~2.11_ ...__.__ .:~~?~11 .._...._..__~~~1 L. .M :03~J
11997-03-13 13:1011 9il .182711 .018511 .03281
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Water Quality Samples for California: Sample Data http://water.usgs.gov/ca/nwis/qwdata?qw_...m!_table&site_no= 1033661 O&agency_cd=USGS
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li?ii:~~2.~L~~~~:I[~:'·:_.::'~::'::.~Ji·:.··'::~.~·7~Jj:.•:'·:-"~=?3.~7ji·~~:::··~'~71
11297-~4-o.2 __1?~~5 il. ..__ _.__.? il ... _._ :~~~~:L __._._:~~~JI .._........_~9~~~J
1~~~?~~?.=~ ..2~}_o.J I_.__ _ ~jI.._._ :..~~~.~.J1 ~~.o.~~J t..... .'018~J
t.1.2?!~.~~~~.~..~~.:~~JI ~JI _.:.~~~?-JI :?~~.~.II _..__ .:?~.?.~.I
1.12??=~~=~.~ ..I~:~.OIL_ ~J 0 ' ~••l~?L ~ ·9?5~:1 ._..~.~~~~-'
1_~~.~~?: ..~_~2.~?J L. _~.I L._._._ :.~.~~?J I... ...:o..025JI , ,o.4~7J
I~9~..?-~5-22 13:20 11 __.. ~JL , :~_O?~ II__..:O~.?~.IL _:~~~J
11.~~?-05-30 11 :~OJI _.. 91'--. 0932 II _:005~JI_ 0271 1

IJ~97-06~0~.1_4:.?011 _ 91[.. ,12~JI __.._.oo.~511 ..0~~2J
[1997-06-1 ~_1 ~~_15IL _ .~l..__._ ~?~ I_ _..__..:?~ !1 _:'O'.3!~J
1.1 997-~?..=~9_!_?.~.?.OJ I....... . ..9.11 ...._..... ...:O?-~ ~J t... ...:.o..o..~.?J 1_.._.. _:9~~.~J
[.~~.9?-O'6.~~,~.I.~:.~.?JL,.... . ?II .0•.•. _.:.!.~?!JL :.'O'~.o.IJL_... '9~~?J
t~.?.27~?7=~~.~?~~~jI ~.. II :~~??.II_._ :g.~_~~..II, __ _.:~~~.~ I
1].~.~.?=~~=!~..~~~~9J 1_.. _.~..lI. __ :_~~,,~~J I.. ._ ..:.~ 117 iI ~ ...:04~~J
I~~=.~~._~.~_:.~~JL,__ .._ .?J1 .__ .. __~l__. ~_:.~JI.. __.._.:s_:~ IJ
1_~?=~~_?~~~?J[ ..._ _~t_._._.:~~il ..:9.?~!JI ~?~J
[£997-~~_-2_~_!.~ :30II" _9II .._ ,.~~~511 _.. ·.~~,~~II ..:9_~~~J
I_~ 9~7 -1.~ -25_ 11_:4_~J! .... ._?JI_..__. :2..?.~~II_._ ..__...:.o..~J[_.~~~J
1~.?~7 -12.,~~.? ~_~.:.~.~J L._ ,. __.~J 1_ _..~ ..~9~~j I , _:?~??J I. :?~ ~_~J
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From:
To:
Date:
Subject:

Robert Erlich
Unsicker, Judith
10/12/01 5:50PM
Re: Fwd: Upper Truckee R. & Snow Creek /303(d) listing

Language (modified) is generally from May 1999 NOA for Snow Ck

The project area is the 1DO-year floodplain of Snow Creek, a tributary to Lake Tahoe, which adjoins State
Route 28 (SR28) in the commounity of Tahoe Vista, California. The California Tahoe Conservancy owns
the project area and is coordinating restoration activities with the Placer County Department of Public
Works, who has overseen construction of the project and mainatain the improvements during the initial
establishment period (first three years). The project involves activities to restore and enhance
approximately 4 acres of SEZ, wetlands and other waters of the State, removal of waste earthen materials
(approximately 22,000 cubic yards), and highway culvert modifications to reduce flooding.

Following fill removal, the existing constructed pond was be made smaller and reconfigured as a
seasonal meadow wetlands. Channels were reconfigured to promote more frequent inundation of the
meadow areas, and the area was revegetated with a variety of wetland and riparian plant species.
Approximately 75% of the the project area had been occupied by sparselyvegetated earthen fill. The
project revegeates and restores approximately 2.4 acres of SEZ and naturally functioning wetlands.

cc: Kemper, Lauri



Alan D. Jassby, Charles R. Goldman, John E. Reuter and Robert C. Richards
Department o/Environmental Science & Policy, University o/California, Davis, California 95616, USA

The optical clarity of water plays an
important role in our casual judgments
about water quality. Clarity is often
used by the layperson as a basis for
judging potability as well as the safety
of water contact. In pristine water bod­
ies, both freshwater and marine, optical
clarity can also be an important aes­
thetic characteristic.

The Secchi depth is one common meas­
ure of optical clarity in lakes and the
oceans. It is simply the depth at which
an 8 or IO-inch white disc disappears
from view at the surface when lowered
into the water. Secchi depth measure­
ments have been collected from many
locations around the world for more
than a century. Because of its apparent
simplicity, the Secchi disk is SOtre­

times dismissed as an "archaic" instru­
ment by the novice. Quite to the con­
trary, it has a number of important and
desirable features. First, Secchi depth
is a reproducible measurement of clar~

ity when carefully executed, more pre­
cise in fact than some electronic meas­
ures of light scattering. Second, the
physics of Secchi depth measurement

A Secchi disk just below the water surface, on
its way down to check water clarity

is well understood and Secchi depth
can therefore be incorporated into rig­
orous predictive models. Third, Secchi
depth quantifies clarity as perceived by
the human visual system and is accord­
ingly a highly suitable management
endpoint for lakes. Finally, it is the
only consistent optical measurement
made in Lake Tahoe (and many other
water bodies) that dates back several
decades and can therefore be used to
detect trends.

Large clarity declines have occurred
over the last few decades in some of
our most transparent water bodies, in-

Lake Tahoe waters
have been losing trans­
parency at an average
of about one foot each
year since the late
1960s.

c1uding Lake Tahoe. Secchi depths of
over 120 feet were recorded in the
early years of the measurement pro­
gram at Lake Tahoe and still occasion­
ally exceed 90 feet. The long-term re­
cline, though, is a matter of great con­
cern. Overall, the decrease in Secchi
depth regardless of season has aver­
aged almost one foot per year. Because
of Tahoe's unique beauty, protection of
its water clarity has become an issue of

pressing concern for watershed resi­
dents and the millions of annual recrea­
tional visitors.

The decline in transparency is due to
increases in both algae and mineral
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The depth at which awhite disk can be seen
from the surface changes from year to year but
generally has become shallower over the dec­
ades.

particles. Attached algae around the
lake margins has proliferated over the
past few decades, and microscopic
drifting algae called phytoplankton liv­
ing in the open waters has also in­
creased. These increases have been fu­
eled by nitrogen and phosphorus faI­
ling 'on the lake from the atmosphere
and washing in from the watershed. In
addition to these nutrients, clay and silt
particles are also carried in by streams.
These mineral particles, like the phyto­
plankton, cause light to scatter and re­
crease water clarity. The relative roles

Transparency declines
are due to both phyto­
plankton increases and
to clay and silt particles
washed in from the wa­
tershed.

of phytoplankton and mineral particles
are important because they determine
whether the focus should be on control­
ling phytoplankton growth, mineral
particles, or both.

June 2000



The long time series of Secchi depth
for Lake Tahoe not only records trends
in water clarity but enables us to distin­
guish the underlying causes. Secchi

depth has been measured in Lake m­
hoe an average of every 12 days since
July 1967. There is a marked seasonal

pattern with a minimum (i.e., low clar­
ity) in June and in December. The June
low is due to accumulation of mineral
particles carried in by the melting snow
pack; a spring increase of phytoplank­
ton also contributes. Generally speak­
ing, the larger the snow pack, the big­
ger the decline in clarity. The Decem­
ber low results from the deeper and
deeper mixing of the lake that starts in
autumn. As the waters mix, layers of
phytoplankton and other particles far
below the surface are carried into upper
waters where they lower the transpar­
ency. This December drop in clarity
was almost nonexistent when measure­
ments began in 1967 but it has become
stronger over the years as phytoplank­
ton growth and mineral particle inputs
have increased. It is not yet fully m­
derstood how much of this long-term
decrease is due to phytoplankton and
how much to clay and silt. Based on

Source: F.E. Fritsch

Microscopic phytoplankton take many unique
and beautiful forms. Their exact contribution to
the clarity decrease depends on their size,
shape, and chemical composition, as well as
their abundance.

the available measurements and physi­
cal considerations, both categories

probably play a significant role of
roughly similar magnitude.

Because of the large funds 10 be spent
in the Tahoe Basin for protecting water
quality, the relative .importance of

The relative importance
ofphytoplankton and
mineral particles needs
to be resolved for an ef­
fective management
strategy.

phytoplankton and mineral particles
needs to be resolved more precisely.
Management strategies to control algae
and to control soil erosion are quite
different. In addition, the size distribu­
tion of particles entering and within the
lake needs to be determined. Long­
term clarity losses due to mineral parti­
cles are dependent on a certain size
fraction, namely the fraction that will
be retained in the lake and contribute to
a buildup oflight-scattering particles. It
will be of no help to control 99% of
erosion if the microscopic particles
most responsible for the clarity decline
are still entering the lake. Finally, the
time it takes for mineral particles to
clear from the lake - their residence
time - needs to be determined. Insofar
as mineral particles contribute to the
long-term loss of clarity, the recovery

time for the lake is dependent on this
residence time. All of these issues are
part of the current focus of the Tahoe
Research Group at UC Davis.

Additional scientific information can
be found in the following publications:

Goldman, C. R. 1988. Primary produc­

tivity, nutrients, and transparency dur­
ing the early onset of eutrophication in
ultra-oligotrophic Lake Tahoe, Califor­

nia-Nevada. Limnol. Oceanogr.
33: 1321-1333.

Jassby, A.D., C.R. Goldman, and lE.
Reuter. 1995. Long-term change in
Lake Tahoe (California-Nevada, USA)
and its relation to atmospheric deposi­

tion of algal nutrients. Archiv fUr I-J;­
drobiologie 135:1-21.

Jassby, A.D. 1999. Uncovering mecha­
nisms of interannual variability from
short ecological time series. In: Inte­
grated assessment ofecosystem health,
edited by K.M. Scow, G.E. Fogg, D.E.
Hinton, and M.L. Johnson, p. 285-306.
CRC Press, Boca Raton, Florida.

Jassby, A.D., C.R. Goldman, J.E.
Reuter, and R.C. Richards. 1999. Ori­
gins and scale-dependence of temporal
variability in transparency of Lake Ta­
.hoe, California-Nevada (USA). Lim­
nology & Oceanography44:282-294.
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CHANGES IN MTBE AND BTEX CONCENTRATIONS IN LAKE
TAHOE, CA-NV

FOLLOWING IMPLEMENTATION OF A BAN ON SELECTED

2-STROKE MARINE ENGINES

Brant C. Allen & John E. Reuter

Tahoe Research Group

University of California, Davis

Davis, CA 95616

INTRODUCTION

Discovery of the fuel oxygenate methyl tert-butyl ether (MTBE) in groundwater,
lakes and reservoirs used for drinking water has raised considerable concern

among health officials and water suppliers. The U.S. EPA has classified MTBE
as a possible human carcinogen. Recent legislation in California has established

primary and secondary drinking water standards at 13 1!g!L and 5 I!g/L,
respectively. Since 1997, the Lake Tahoe basin has received considerable state

and national attention with regards to MTBE contamination of both groundwater
drinking supplies and the lake itself.

Protection of the lake from controllable sources ofpollution is required under its
designation as an Outstanding National Water Resource (ONWR) as part of the
federal Clean Water Act. Lake samples collected by the University of California,
Davis - Tahoe Research Group (TRG), University ofNevada Reno (UNR), and

the U.S. Geological Survey during the summers of 1997 and 1998 showed
detectable levels of MTBE and the BTEX fuel constituents (benzene, toluene,

ethylbenzene, and xylene), lake wide (e.g. Allen et al. 1998, Boughton and Lico
1998). Concentrations were shown to vary with the level ofmotorized watercraft

traffic. However, at specific locations, levels exceeded not only the California
drinking water standards but the higher U.S. EPA advisory value of 35 I!gIL.
Samples from the open water in the middle of the lake, where little summer

boating occurs, revealed the presence of fuel constituents to a depth of 10m, but
at concentrations near or below the analytical levels of detection (mean value of
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0.3 Ilg/L; Allen et al. 1998).
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Along the shoreline of the lake where motorized watercraft activity is more
common, fuel constituent concentrations were found to be about an order of

magnitude higher (2.6 Ilg/L, mean value for MTBE). These shoreline
concentrations were still below the established drinking water standards. In areas
where motorized watercraft traffic is considered to be exceptionally high (marinas
and fueling facilities), mean concentrations for both MTBE and benzene, during

certain times of the summer boating season, exceeded primary drinking water
standards. Further investigation by the California Air Resources Board (CARB)
and UNR into the direct contribution of fuel constituents from various engine

technologies revealed that the carbureted two stroke engines were contributing a
disproportionate share of the fuel load to Lake Tahoe (Glenn Miller, University of

Nevada, Reno, unpub. data). In fact, Allen et al. (1998) calculated that while
using only 11-12% of the total fuel used for Lake Tahoe boating, these engines

contributed 90% of the MTBE to the water. In contrast the 4-stroke engines
consumed 87% of the fuel and but were responsible for only 8% of the estimated

MTBE loading to the lake from all marine engines.

The results of these cumulative studies resulted in regulations imposed by the
Tahoe Regional Planning Agency (TRPA), banning certain two stroke engine

technologies. This ban took effect on June 1, 1999. Additionally, several large oil
companies began producing gasoline without MTBE and delivering it to the south

end of the lake. With both programs to abate MTBE loading to the lake and
groundwater in place by late spring of 1999, the summer boating season was

expected to produce lower levels of in-lake fuel constituents. The TRG began
sampling in August to evaluate the effectiveness ofthese changes, i.e. comparison

of lake concentrations ofMTBE and BTEX in the summer of 1999 relative to,
1997 and 1998.

METHODS

Sampling locations were selected to describe changes in MTBE and BTEX

concentration in Lake Tahoe that may have resulted from the policy decisions
above. Therefore, our sampling focused on locations which had positive results

during the 1997 and 1998 monitoring. Site selection was separated into three
categories; 1) an open water, midlake location where boating is minimal, 2)

nearshore, at 10 locations around the perimeter of the lake, where the majority of
boat occurs, and 3) 10 locations on the south shore where boat traffic is
concentrated ("hot spots"), often associated with launch ramps, refueling

facilities, marinas or a combination of the above. Within each category, specific
sites were chosen, whenever possible, to replicate those sampled in previous

years.

The timing of the sampling, late August and the Labor Day weekend in
September, coincided with the peak of the summer boating season. Three

sampling dates were chosen, mid-week (Wednesday and Thursday, 25 and 26
August, respectively). Weekend samples were collected on Monday (30 August),

and the Labor Day weekend was represented by samples taken on the Tuesday
after the holiday (7 September).

10/lQ/?OOl 1·1Q PM
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At all locations, with the exception ofmid-lake, water samples were taken by
hand at a depth of 0.5 m. Our previous sampling at Lake Tahoe showed this to be

a representative depth for the nearshore stations. The closed VOA vials were
submerged to the sampling depth and then opened and allowed to fill completely.
The cap was replaced while submerged. Samples were checked to ensure no air
space remained within the VOA vial before they were placed on ice in a cooler.

The mid-lake samples were collected using a 1.2 L, stainless Kemmerer well
sampler with Teflon end caps. The sampler was lowered to depth and closed with
a messenger. Water was then transferred to the VOA vial and filled so that no air
spaces remained. All samples were kept on ice from collection through transport

to Lawrence Livermore National Laboratories (LLNL). All analytical
determinations were made by LLNL staff at their facilities (C. Koester, pers.

comm.)

RESULTS

Open water and nearshore samples showed a significant decrease in MTBE
concentration when compared to data collected in 1997 and 1998. Generally,

ambient concentrations decreased by a factor of 1b with samples around the north
end ofthe lake (Homewood to Glenbrook) at or below the 0.06 IlgIL level of

detection. Samples collected in the vicinity of the south end of the lake (Zephyr
Cove to Emerald Bay) showed a similar drop in concentration from previous
years, but remained above the level of detection at a few tenths of a part per
billion (llgIL). Ambient concentrations of the BTEX compounds (benzene,

toluene, ethylbenzene, and xylene) at the nearshore locations were also found to
be lower than levels recorded in the past two years ofmonitoring (Table 1).

Samples from the "hot spot" locations had greater MTBE levels than the
nearshore and open water areas; four concentrations approached or exceeded

drinking water standards. The remaining six "hot spots" had fuel concentrations
similar to n~arshore areas sampled during the 1997and 1998 monitoring. At the

four "hot spots" where fuel constituent concentrations neared or exceeded
drinking water standards, MTBE and BTEX concentrations were highly variable.
MTBE concentrations ranged from 0.46 Ilg/L up to 56.5 Ilg/L. This high value is

over four times the primary drinking water standard of 13 IlgIL. The dramatic
difference in results between these "hot spots" and the remainder of the lake

suggests source contamination has not been completely eliminated by actions to
date, but that inputs to the lake were significantly reduced in the summer of 1999.

DISCUSSION

The sampling dates selected during this study were at the end of the summer
boating season during the month ofAugust and after the Labor Day weekend

early in September. Allen et al. (1998) showed this period representative of high
MTBE and BTEX concentrations in Lake Tahoe. With the exception of a few of

the "hot spots", the data collected during this study showed little variation
between sampling dates.
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Comparisons of data collected during this study with that of previous years shows
a dramatic decrease in MTBE concentration at both offshore and nearshore

locations (86.7% and 95.8%, respectively)(Figure 1). This demonstrates that
programs to eliminate MTBE from Lake Tahoe are having an effect. The offshore
and most of the nearshore locations around the lake had MTBE concentrations at

or near the analytical level of detection (LaD) throughout the sampling period

The sampling of "hot spots" around the south end of Lake Tahoe resulted in
highly variable results (MTBE range <0.06 to 56.5 ~g/L). MTBE samples

collected at Ski Run Marina exceeded the California primary drinking water
standard of 13 ~g1L by four-fold on two separate sampling dates. Additionally the

California drinking water standard for benzene (0.1 ~g1L) was surpassed on the
post Labor Day sampling, 7 September. These samples stand out from the rest as
being extremely high even for the "hot spot" locations. The reasons may be due to

above average concentration of boats per unit area or some problem with
operations at the facilities. The two other locations where measured

concentrations ofMTBE approached or exceeded California drinking water
standards where associated with boat launch ramps. Since neither location is in

the immediate proximity of fueling facilities it is expected that the fuel
constituents came from the boats themselves. While it is unclear how the fuel

entered the water, any number of human errors and boat malfunctions could have
contributed. One distinct possibility associated with launch ramps is the draining

of the bilge upon removal of the boat from the water. Either the intentional
removal ofboat plugs to allow draining while on the incline ramp or the

automatic operation of electrical bilge pumps when water rushes to the back of
the boat will cause fuel laden water to flow directly into the lake in the vicinity of

the ramp.

CONCLUSION

3.0

0 Mid-I.ake• Nearshore

.....

...l 2.0
~a
~

~... 1.0
::2

O.O...J....J..-

1"7 199. 1'"

On the whole, fuel constituent
concentrations in Lake Tahoe are down dramatically from previous years. This

could be the result of the TRPA regulation banning certain two cycle engine
technologies or as a byproduct of some service stations within the Tahoe basin
selling MTBE-free fuel. A comparison of the decreases in ambient MTBE and

toluene concentrations was done to determine which corrective action was having

the greatest impact on Tahoe water quality. If the MTBE-free fuel was having the
greatest impact, the ambient MTBE concentrations would be expected to decrease

while toluene concentrations in the lake remained near the levels recorded in
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1997 and 1998. If the new boating regulations were having the greatest impact,
both MTBE and toluene concentrations could be expected to drop. Indeed both
mean MTBE and mean toluene concentrations drop significantly (95.8% and
88.3% respectively) indicating that the elimination of the highly polluting two

cycle engines is having a clear impact on water quality.
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SEASONAL SIGNIFICANCE OF ATMOSPHERIC DEPOSITION OF PHOSPHORUS AND THE SOURCES
OF DEPOSITION FOR LAKE TAHOE, CA-NV

Increases in nutrient inputs, especially phosphorus, into Lake Tahoe are contributing to the rapid
decrease of the Lake's famous clarity. Atmospheric deposition is estimated to be responsible for
20-30% of the annual external phosphorus inputs into Lake Tahoe. Seasonally, atmospheric fallout
is more significant because the deposition of phosphorus can increase during the dry months when
stream flows are very low. This phosphorus source also falls directly pn the water surface into the
photic zone, increasing its availability to algae. Bulk deposition measurements along Lake Tahoe's
north shore were collected from July through September 2000. Preliminary analysis reveals that
during this period, atmospheric deposition (predominantly dry) prOVided several times more
phosphorus than streams. Approximately 50% of the total phosphorus was immediately biologically
available. The phosphorus collected this summer may be slightly higher than long-term deposition
data at Ward Creek, possibly due to collection differences. Future analysis of this summer's
samples by electron microscopy will give clues to the sources of fallout materials and their relative
importance. Road dust and wind-blown soil are predicted to be major summer sources.
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LOADS AND YIELDS OF SUSPENDED SEDIMENT FOR SELECTED
WATERSHEDS IN THE LAKE TAHOE BASIN,

CALIFORNIA AND NEVADA

By Timothy G. Rowe, Hydrologist, U.S. Geological Survey, Carson City, Nevada

Abstract:The U.S. Geological Survey, in cooperation with the Tahoe Regional Planning Agency, has monitored
tributaries in the Lake Tahoe Basin since 1988 to determine streamflow and concentrations of sediment and
nutrients contributing to loss of clarity in Lake Tahoe. Loads and yields of suspended sediment for 10 selected
watersheds totaling nearly half the area tributary to Lake Tahoe (152 square miles [mi2

]) are described. The size of
the watersheds ranges from 2.15 mi2 (Logan House Creek) to 56.5 mi2 (Upper Truckee River).

The Upper Truckee River had the largest median loads of sediment (7.2 tons per day [ton/d]), Logan House Creek
had the smallest loads of sediment «0.01 ton/d). Third Creek had the largest yield for sediment (0.32 (ton/d)/mi2

),

Logan House Creek had the smallest yield for sediment «0.01 tonld/mi2).

INTRODUCTION

Lake Tahoe is an outstanding natural resource and famous for its alpine setting and deep, clear waters. Protection of
this renowned clarity has become very important in the past half century, as the clarity has been decreasing by about
I foot per year (Goldman and Byron 1986). This decrease is due mainly to human activities, which have increased
dramatically in the Lake Tahoe Basin since 1960.

Increased nutrient concentrations within Lake Tahoe are considered the primary cause of algal growth, and thereby
loss of clarity, in the lake. Suspended sediment also is of concern, because nutrients attach to and are transported by
sediment particles. Within the Lake Tahoe Basin, stream discharge is suspected of being one of the major pathways
for nutrient and sediment transport to the lake. Increased development has accelerated this transport through
urbanization of wetland areas, added erosion from development of steep mountain sides, and discharge by septic and
sewage systems within the basin.

Public concern for the clarity of Lake Tahoe also has increased over the years. As an example, voters in Nevada
passed bond acts in 1986 and 1996 to fund construction projects in Nevada to reduce erosion and the transport of
nutrients and sediments to Lake Tahoe.

The Tahoe Regional Planning Agency (TRPA), the U.S. Geological Survey (USGS), the Tahoe Research Group of
the University of California, Davis (TRG), and State and local agencies have been monitoring the Lake Tahoe Basin
for nutrients and sediments since the 1970's. One cooperative program, a tributary-monitoring study by the USGS
and TRPA, began in the 1988 water year. The primary purpose of the study was to provide a long-term data base for
monitoring local water-quality thresholds and estimating the loads of nutrients and sediment from selected Lake
Tahoe tributaries. This study initially included four Lake Tahoe Basin watersheds and has expanded over the years.
The current network includes 32 stream sites in 14 of the 6~Lake Tahoe watersheds where sediment, nutrient, and
streamflow data are collected (fig. 1 and Boughton et aI1997).

This paper presents fmdings from the cooperative study for 10 near-mouth sampling sites in 10 watersheds of the
Lake Tahoe Basin during water years 1988-96. For this report, the period of record for four sites is 1988-96, and for
six sites is 1993-96, although the data-collection effort is ongoing. All years referred to are water years-October 1
through September 30.

Suspended-sediment used in this report are from instantaneous samples collected during the day throughout the
entire water year.
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DESCRIPTION OF STUDY AREA

Lake Tahoe, the highest lake of its size in the United States, with an average lake-surface altitude of about 6,225 ft
above sea level, is about 22 miles (mi) long and 12 mi wide. The average depth of the lake is about 1,000 ft and the
deepest part is about 1,636 ft. The basin area is 506 square miles (mi2

), consisting of 192 me in lake-surface area
and 314 mi2 in surrounding watershed area (Crippen and Pavelka 1972). The highest altitude in the watershed is in
the Trout Creek Basin (10,881 ft).

The 10 watersheds sampled for this study compose nearly half (152 mi2
) the watershed area. The size of the selected

watersheds ranges from 2.15 mi2 (Logan House Creek) to 56.5 mi2 (Upper Truckee River). The main stream channel
lengths range from 3.30 mi (Logan House Creek) to 21.4 mi (Upper Truckee River).

Precipitation, which falls mostly as snow from November into June, varies across the basin, from 30-40 inches per
year (in/yr) on the eastern side to 70-90 in/yr on the western side (Crippen and Pavelka 1972). Annual precipitation
in the basin was below normal for 6 years (1988-92 and 1994) and above normal during the remaining 3 years
(1993, 1995, and 1996) of the study (Dan Greenlee, Natural Resources Conservation Service, oral commun., 1996).

METHODS

Streamflow was measured and gaging stations were operated according to USGS guidelines (Buchanan and Somers
1969; Kennedy 1983). All streamflow data are available in USGS electronic data bases and USGS published annual
Water Resources Data Reports for Nevada and California.

Drainage areas for sampling sites and total watershed areas (table 1) were reported by Cartier et al (1995), and
channel lengths were reported by Jorgensen et al (1978).

Suspended sediment samples were collected using USGS guidelines (Edwards and Glysson 1988). The samples
were analyzed by the USGS California Sediment Laboratory in Salinas, Calif., using USGS guidelines (Guy 1969).
All suspended sediments data are available in USGS data bases and in published annual Water Resources Data
Reports for Nevada and California.

Daily loads of suspended sediment were calculated by multiplying the instantaneous suspended-sediment
concentration values by the instantaneous streamflow value and converting the product to tons per day.

For each watershed, summary statistics were calculated for loads of suspended sediment using methods described by
Helsel and Hirsch (1992); median daily loads are presented in table 3. Median values were chosen as preferable
summary values because they are not strongly influenced by a few extreme values.

Median loads were normalized to a common unit (square miles), and the resulting yields were ranked for each of the
10 sampled watersheds, with a rank of 1 assigned to the highest median yield and 10 to the lowest.

RESULTS

Instantaneous streamflow at the time of sample-collection visits ranged from 0 cubic feet per second (fels), at two
sites during low base-flow periods in July 1988 and August 1994, to 1,750 fels at Upper Truckee River during a rain
storm at the spring snowmelt-runoff peak in May 1996. The highest median streamflow value for sampling visits
was 158 fels at Upper Truckee River. The lowest median streamflow value was 0.20 ftJ/s at Logan House Creek
(table 2).

For periods of record discussed herein, the Upper Truckee River had the highest average annual daily mean
streamflow, 123 fels, and highest average annual runoff, 89,000 acre feet (acre-ft), and Logan House Creek had the
lowest at 0.30 fels and 221 acre-ft, respectively. The highest average annual unit runoff, 2,860 acre-ft/mi2

, was in
Blackwood Creek and the lowest, 106 acre-ft/me, was in Logan House Creek.
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The hydrograph of daily mean streamflow for Incline Creek (fig. 2A) for 1996 shows a seasonal pattern that is
typical of streams in the Lake Tahoe Basin. Most runoff is during the April-through-June snowmelt period. Sharp
peaks represent fall and early winter rains (December), rain-on-snow storms (February), and summer thunderstorms
(May and July).

The longer term hydrograph (fig. 2B) for Incline Creek for the 9-year period of record discussed herein clearly
shows the effects of drought (water years 1988-92 and 1994), as compared to years in which runoff was above
normal (1993, 1995, and 1996). The average annual daily mean streamflow for the 9 years is 6.26 ft3/S.

Instantaneous measurements of suspended-sediment concentrations from the 10 stream sites ranged from <I
milligrams per liter (mg/L) at many sites during the summer to 3,930 (mg/L) at Thud Creek during a rainstorm on
snowpack in March 1993 (table 3). Median values ranged from 3.0 mgIL at Logan House Creek, to 80 mgIL in
Third Creek..

Median suspended sediment loads ranged from <0.01 ton per day (ton/d) for Logan House Creek to 7.2ton/d in the
Upper Truckee River. Median yields of sediment showed different results-from O.ot ton per day per square mile
(ton/dlmi1

) for Logan House Creek to 0.32 ton/d/mi2 for Third Creek (fig. 3). When yields were ranked, Third Creek
had the highest rank (I) and Logan House Creek had the lowest (10; table 3).

DISCUSSION

,(

\

Ii
\ ';

Concentrations of suspended sediment varied widely in the sampled watersheds of the Lake Tahoe Basin. This
variation is largely due to differences in weather patterns, precipitation amounts, and natural conditions across the
basin. For example, more precipitation falls on the western side of Lake Tahoe, and the streamflow runoff and
sediment loads reflect that. The years of drought conditions also reduced sediment loads in the watersheds.

When the· concentrations are flow-weighted and loads are calculated, the largest loads are in the Upper Truckee
River watershed. This is solely because the Upper Truckee River is the largest watershed and delivers the greatest
annual runoff to Lake Tahoe. The smallest loads are from Logan House Creek, which is the smallest of the 10
sampled watersheds and delivers the least annual runoff to the lake.

Third Creek has the highest sediment yield, which is due to the exposed soil caused by the large snow and rock
avalanche of February 17, 1986, in the upper reach (Bill Quesnel, Incline Village General Improvement District,
oral commun., 1992). The next largest yields of sediment were in Blackwood Creek, followed by Ward Creek,
Upper Truckee River, and Incline Creek. The watersheds with the smallest yields are Glenbrook and Logan House
Creeks. This ranking agrees with a suspended-sediment study on nine Lake Tahoe Basin watersheds (eight of which
are included here) between 1981-85 by Hill and Nolan (1988). They found that the highest annual suspended­
sediment yields were from Blackwood Creek, Ward Creek, Upper Truckee River, and Third Creek.

For the 10 selected watersheds, the higher yields were from six watersheds on Lake Tahoe's western, southern, and
northern sides~ all of which receive greater precipitation and are more developed and affected by human activities.
The lower yields were from four watersheds on the eastern side, which receive less precipitation and are somewhat
less developed.
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Table 2. Streamflow information for selected Lake Tahoe Basin watersheds

Table 1. Sampling-site information for selected Lake Tahoe watersheds

Total Sampling-site
Main

watershed channel
drainage area

drainage area length
(square miles)"

(square miles) (miles)b

6.05 6.02 7.05
6.70 6.69 4.66

4.11 4.10 3.92
2.15 2.09 3.30
6.64 5.61 5.53

41.2 40.4 10.7
56.5 54.0 21.4
7.63 7.39 9.17

11.2 11.1 6.20
9:75 9.73 5.90

Sampling site
(figure 1)

Trout Creek at South Lake Tahoe,Calif.
Upper Truckee River at South Lake Tahoe, Calif.
General Creek near Meeks Bay, Calif.
Blackwood Creek near Tahoe City, Calif.
Ward Creek near Tahoe Pines, Calif.

Third Creek near Crystal Bay, Nev.
Incline Creek near Crystal Bay, Nev.
Glenbrook Creek at Glenbrook, Nev.
Logan House Creek near Glenbrook, Nev.
Edgewood Creek at Stateline. Nev.

Range and Average
median of Period of annual mean. Average Average

Sampling site sampled record daily annual runoff annual yieldb

streamflow' (water years) streamflow (acre-tt) (acre-ftlmI2
)

(fe/s) (ft3/s)

Third Creek 0.93 - 118 (6.0) 1988-96 6.68 4,830 802
Incline Creek .56 -71 (5.7) 1988-96 6.26 5,040 753
Glenbrook Creek 0- 35 (0.88) 1988-96 1.30 943 230
Logan House Creek o. 7.9 (0.20) 1988-96 .30 221 106
Edgewood Creek 1.1 - 25 (3.6) 1993-96 3.72 2,690 480

Trout Creek 3.2 - 305 (49.5) 1993-96 44.8 32,400 802
Upper Truckee River .70 - 1,750< (158) 1993-96 123< 89,000" 1,650
General Creek .41 - 559 (30.5) 1993-96 20.2 14,700 1,990
Blackwood Creek 1.1 - 936 (60.0) 1993-96 44.0 31,800 2,860"
Ward Creek .22 - 950 (47.5) 1993-96 32.1 23,200 2,380

• Median, in parentheses, equals 50-percent value.

b Yield is annual runoff divided by sampling-site drainage area.
<Bold indicates highest value.

• From Cartier et al 1995
b From Jorgensen et al 1978

[Abbreviations: acre-ft. acre-feet; fe,s, cubic feet per second; ft, feet; mi2, square miles)
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Table 3. Suspended-sediment and nutrient information for selected lake Tahoe
Basin watersheds

[Abbreviations: mg/l, milligrams per liter; lon/d, tons per day; lon/d/mi2, tons per
day per square mile]

Concentration Median Median Median
Yield

Sampling site range concentration" loadb yieldC

rankd

(mg/l) (mglL) (ton/d) (ton/d/mI2
)

Third Creek 1- 3,930· 80" 1.9 0.32"
."Incline Creek 1-1,840 26 .62 .09 5

Glenbrook Creek 1-606 6.0 .02 .01 9
Logan House Creek <I - 388 3.0 <.01 .01 10
Edgewood Creek 1-130 5.0 .08 .01 8

Trout Creek 2 - 335 14 2.5 0.06 6
Upper Truckee River 1-458 IS 7.Z" .13 4
General Creek <I -404 7.0 .43 .06 7
Blackwood Creek 1 -1,080 16 2.6 .23 2
Ward Creek <1 - 3,000 10 1.3 .14 3

a Median equals 50-percent value.
b Median load equals 50-percent value. Load =concentration x streamflow x

load factor (0.0027 for ton/d).
C Median yield is median load divided by sampling-site drainage area.
d Rank from I to 10: I indicates highest contribution of constitutent and 10

Lowest contribution.
• Bold indicates highest value.

III-17



Concentrations and Distribution of Manmade Organic
Compounds in the Lake Tahoe Basin, Nevada and
California, 1997-99

By Michael S. Lico and Nyle Pennington

Water-Resources Investigations Report 99-4218

Abstract

The U.S. Geological Survey, in cooperation with
the Tahoe Regional Planning Agency and the Lahontan
Regional Water-Quality Control Board, sampled Lake
Tahoe, major tributary streams to Lake Tahoe, and several
other lakes in the Lake Tahoe Basin for manmade organic
compounds during 1997-99.

Gasoline components were found in all samples col­
lected from Lake Tahoe during the summer boating sea­
son. Methyl tert-butyl ether (MTBE), benzene, toluene,
ethylbenzene, and xylenes (BTEX) were the commonly
detected compounds in these samples. Most samples from
tributary streams and lakes with no motorized boating had
no detectable concentrations of gasoline components.
Motorized boating activity appears to be directly linked in
space and time to the occurrence of these gasoline compo­
nents. Other sources of gasoline components to Lake
Tahoe, such as the atmosphere, surface runoff, and sub­
surface flow, are minor compared to the input by motor­
ized boating. Water sampled from Lake Tahoe during
mid-winter, when motorized boating activity is low. had
no tv!TBE and only one sample had any detectable BTEX
compounds.

Soluble pesticides rarely were detected in water
samples from the Lake Tahoe Basin. The only detectable
concentrations of these compounds were in samples from
Blackwood and Taylor Creeks collected during spring
runoff. Concentrations found in these samples were low,
in the I to 4 nanograms per liter range.

Organochlorine compounds were detected in sam­
ples collected from semipermeable membrane devices
(SPMD's) collected from Lake Tahoe, tributary streams,
and Upper Angora Lake. In Lake Tahoe, SPMD samples
collected offshore from urbanized areas contained the
largest number and highest concentrations of organo­
chlorine compounds. The most commonly detected
organochlorine compounds were cis- and trans-chlor­
dane, p,p' -ODE, and hexachlorobenzene. In tributary
streams, SPMD samples collected during spring runoff
generally had higher combined concentrations of
organochlorine compounds than those collected during

U.S. Department of the Interior-U.S. Geological Survey

baseflow conditions. Upper Angora Lake had the fewest
number of organochlorine compounds detected of all lake
samples. Dioxins and furans were not detected in SPMD
samples from two sites in Lake Tahoe or from two tribu­
tary streams.

The number of polycyclic aromatic hydrocarbon
(PAH) compounds and their combined concentrations
generally were higher in samples from Lake Tahoe than
those from tributary streams. Areas of high-motorized
boating activity at Lake Tahoe had the largest number and
highest concentrations of PAH's. PAH compounds were
detected in samples from SPMD's in four of six tributary
streams during spring runoff, all tributary streams during
baseflow conditions, and at all lake sites. The most com­
monly detected PAH's in tributary streams during spring
runoff were phenanthrene, fluoranthene, pyrene, and
chrysene, and during baseflow conditions were phenan­
threne, l-methylphenanthrene, diethylnaphthalene, and
pyrene. Upper Truckee River, which has an urban area in
its drainage basin, had the largest number and highest
combined concentration of PAH's of all stream samples.

Olver retrieving semipermeable membrane device from Lake
Tahoe, near Glenbrook, Nev. Photograph by R.J. Hoffman,
U.S. Geological Survey, August 1998.



Semipermeable membrane sampling device, Upper Angora
Lake, Calif., JUly 1998. Photograph by K,J. Hill, Tahoe
Regional Planning Agency.

Bottom-sediment from Lake Tahoe had detectable
concentrations ofp-cresol, a phenol, in all but one sample.
A sample collected near Chambers Lodge contained phe­
nol at an estimated concentration of 4 micrograms per
kilogram (Ilglkg). Bottom-sediment samples from tribu­
tary streams had no detectable concentrations of orga­
nochlorine or PAH compounds. Several compounds were
detected in bottom sediment from Upper Angora Lake at
high concentrations. These compounds and their concen­
trations were p,p'-DDD (10 J.l.glkg),p,p'-DDE (7.4
Ilglkg), 2,6-dimethylnaphthalene (estimated at 190
J.l.g!kg), pentachlorophenol (3,000 J.l.glkg), and p-cresol
(4,400 Ilglkg).

INTRODUCTION

Lake Tahoe is a high alpine lake renowned for its
clear, deep waters and has been designated an Outstand­
ing National Resource Water. The lake is a destination for
outdoor sporting enthusiasts who visit the lake throughout
the year. Its proximity to the San Francisco Bay Area,
about 240 kilometers (km) to the west, and setting in the
Sierra Nevada make it one of the premier summer vaca­
tion spots in the country. In recent years, the clarity of
Lake Tahoe has been decreasing at a rate that will make it
a lake less extraordinary in appearance within the next 30
years (Goldman and others, 1998). The cause of this loss
of clarity is due to increased algae populations within the
lake. Scientists and regulators require more information
that would allow them to make appropriate decisions on
remedial actions needed to reverse this trend. All sewage
effluent has been exported from the Lake Tahoe Basin
since the mid-1970's. Other more recently enacted

regulations in the Tahoe Basin include prohibition of most
two-stroke engines and controlling sediment, and thus
nutrient, input into the lake. Increased urbanization and its
associated activities may be an important contributor to
the reduction of Lake Tahoe's clarity. Pesticide and fertil­
izer use, leaking underground fuel storage tanks, and
atmospheric deposition can all be important sources of
manmade compounds that could upset the natural ecolog­
ical systems within the lake.

Before 1997, little was known about the concentra­
tions of manmade organic compounds in Lake Tahoe and
its tributary streams. During 1997, the U.S. Geological
Survey (USGS) in cooperation with the Tahoe Regional

Planning Agency and the University of California, Davis,
Tahoe Research Group (TRG) collected the first data doc­
umenting the presence of the gasoline components ben­
zene, toluene, ethylbenzene, xylenes. methyl tert-butyl
ether (MTBE), and tert-amyl methyl ether (TAME) in the
lake (Boughton and Lico, 1998). Every sample taken from
the lake during the summer months had detectable con­
centrations of MTBE. The findings of this study (Bough~

ton and Lico, 1998) prompted a more detailed
investigation, the results of which are reported herein.

Purpose and Scope

This report documents the occurrence and distribu­
tion of selected manmade organic compounds in water
and bottom sediment from Lake Tahoe, its major tributar­
ies, and other Lake Tahoe Basin lakes. Organic com­
pounds investigated during this study include gasoline
components (VOC's), soluble pesticides, and semivolatile
compounds (including organochlorine compounds,
PAH's, dioxins, and furans). Locations of sampling sites
are shown in figure 1. Ancillary data collected as part of
this study can be found in a report by Preissler and others
(1999, p. 508-520). The results of this study are docu­
mented to provide a useful benchmark from which future
comparisons can be made.

Lake Tahoe was sampled at 10 locations during
August 1998 for VOC's and soluble pesticides. Samples
for VOC's were taken from Lake Tahoe at five sites during
January 1999. Semipermeable membrane sampling
devices (SPMD's) were deployed to sample hydrophobic
organic compounds at eight locations at Lake Tahoe
(July-August 1998). Water samples were obtained from
six tributary streams during spring runoff (May 1998) and
during baseflow (October 1998) conditions. SPMD's
were deployed in the tributary streams for two periods
of approximately 8 weeks each (May-June 1998 and
November-December 1998) to sample the hydrophobic
organic compounds. Lists of analytes for the several
classes of compounds can be found in tables 1-4 and in
the following reports-Connor and others (1998),
Foreman and others (\995), Furlong and others (\996),

2 Concentrations and Distribution of Manmade Organic Compounds in the Lake Tahoe Basin, Nevada and California, 1997-99



Figure 1. Lake and tributary stream sampling sites in Lake
Tahoe Basin, Nevada and California. .

Boundary 01 Laka Tahoe Basin

BOUndary olllubbasln

Tributary lIlt'eam lite, number, lind
type 01 data collected

V 1a VOC's, pesticides, SPMD, and bottom
sediment

Lake site, number, and type 01 data collected

".10 VOC's

"V 4 VOC's, pesticides, and bottom sediment

"V 13 VOC's, pesticides. SPMD, and bottom
sediment

EXPLANATION

Sample Collection and Analysis

and Zaugg and others (1995). In Upper Angora Lake,
about 8 km southwest ofLake Tahoe, water samples were
taken for VOe's and soluble pesticides during August
1998, and hydrophobic organic compounds (using
SPMD's) during July-August 1998. Bottom sediment
was collected for analysis of hydrophobic organic com­
pounds at seven sites from Lake Tahoe, six tributary
streams, and Upper Angora Lake during August 1998.
Two other lakes, Fallen Leaf Lake and Lower Echo Lake,
were sampled for VOe's during August 1998~ Upper
Angora Lake has no motorized boats and nearby automo­
bile traffic is minor. Fallen Leaf and Lower Echo Lakes
have substantial boating traffic during the summer
months. Analytical results of water samples collected
during 1997 and reported by Boughton and Lico (1998)
are included in the discussion section of this report.

Water samples for VOC's were collected using
methods described by Shelton (1997). A stainless-steel
sampler, described by Shelton (1997), was lowered to the
desired depth on a stainless-steel cable connected to a
calibrated reel. The sampler contained four 40-milliliter
(mL) vials. Each vial was flushed with seven volumes of
sample and the final 40 mL remained in the vial.
Although this sampler was designed for suburban
streams, its ability to allow sample vials to be purged
ensures the water sample in the vials is representative.
Approximate flushing volumes at 3- and 30-meter (m)
depths are 260 and 230 mL, respectively (R.I. Hoffman,
U.S. Geological Survey, written commun., 1999). Imme­
diately upon retrieval and before opening, the sampler
was placed in a preservation chamber (Shelton, 1994) to
minimize contamination of the samples by atmospheric
sources. Samples were removed from the sampler, pre­
served with I: I hydrochloric acid, capped, placed on ice,
and sent overnight to the USGS National Water Quality
Laboratory (NWQL) in Arvada, Colo. VOe's were ana­
lyzed using gas chromatography-mass spectrometry as
described by Connor and others (1998). Sampler perfor­
mance was documented by Halde and others (1999).
Quality-assurance samples for VOe's included sampler
blanks (a measure ofpotential contamination by the sam­
pler) and ambient blanks (a measure of potential contam­
ination from the atmosphere).

Water samples for soluble pesticides were collected
using the same stainless-steel sampler used for VOC's
with the exception that no vials were in the sampler.
Water from the sampler was collected and composited
in a 3-liter teflon bottle. The water sample was filtered
through a glass fiber filter, placed on ice, and sent over~
night to the NWQL. Soluble pesticides (86 compounds)
were extracted from water samples using solid-phase
extraction procedures outlined by Sandstrom and others

I
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Table 1. Volatile organic compounds in water samples collected at Lake Tahoe, other nearby alpine lakes, and

tributary streams, July 1997-January 1999

(Concentrations in micrograms per liter; <. less than; --. not determined)

Site Depth
Ethyl- Ortho-

Meta- Methyl tert- Terl-amyl
number (meters below Date Benzene 1 Toluene1

benzene1 xylene1 and para- butyl ether1 methyl ether1

(fig. 1) land surface) xylene1 (MTBE) (TAME)

Lake Thhoe Samples

1 3 09/03/1997 EO.5 0.13 EO.02 EO.03 EO.09 0.45 EO.05

1 3 08/ll/1998 .17 1.0 .24 .42 1.0 .84 .10

1 3 0111311999 <.10 <.05 <.03 <.064 <.064 <.17 <.11

2 3 09/03/1997 .13 .68 .12 .20 .52 1.7 .14

4 3 07/29/1997 .15 .58 E.09 .16 .42 1.5 E.09

4 3 08/02/1997 .33 1.9 .39 .60 1.6 4.2 .20
4 3 08/12/1998 .11 .56 .097 .17 .44 1.3 .15

5 30 07/29/1997 <.032 <.04 <.03 <.064 <.064 .19 E.02
5 3 08/0211997 <.06 E.04 <.03 <.064 E.03 .59 E.04

5 10 08/02/1997 <.06 <.07 <.03 <.064 E.04 .61 <.11

5 30 08/0211997 <.032 <.04 <.03 <.064 <.064 .26 <.11
5 3 0811lI1998 <.10 E.08 <.03 <.064 <.064 ,45 <.11

5 30 08/ll/1998 <.10 <.05 <.03 <.064 <.064 .22 <.11

5 3 01113/1999 <.10 <.05 <.03 <.064 <.064 <.17 <.11
5 30 01113/1999 <.10 <.05 <.03 <.064 <.064 <.17 <.11

6 3 09/03/1997 E.04 E.09 <.03 <.064 E.05 .42 E.05

6 30 09/0311997 E.02 E.04 <.03 <.064 <.064 .18 <.11

7 3 09/0211997 E.04 E.l E.Ol <.064 E.06 .30 E.04

7 3 0811111998 <.10 .27 E.06 .099 .26 ,47 <.11

7 3 01113/1999 <.10 <.05 <.03 <.064 <.064 <.17 <.11

8 3 09/02/1997 E.05 .15 E.02 E.04 E.1 .45 E.05

9 3 08/12/1998 <.10 .27 E.04 E.07 .19 .78 .13
10 3 09/02/1997 .15 .70 .12 .23 .52 1.0 .14
10 3 0811111998 .61 4.4 1.1 2.0 4.7 1.3 .17

10 3 01/13/1999 <.10 E.02 <.03 <.064 E.02 <.17 <.11

11 3 08112/1998 .21 1.0 .18 .36 .94 2.4 ,45

12 3 08/12/1998 - .44 1.5 .20 .59 1.5 4.0 .85
13 3 09/02/1997 E.07 .26 E.04 E.06 E.2 .68 E.07

13 3 08/12/1998 .18 .91 .17 .28 .72 2.0 .34

13 3 01113/1999 <.10 <.05 <.03 <.064 <.064 <.17 <.11
\4 3 081121\998 .17 .78 .12 .23 .58 1.8 .34

Tribulal1' Stream Samples
Is 05/1311998 E.OO4 <.038 <.03 <.064 <.064 <.11 <.11
Is 10/27/1998 <.10 E.02 <.03 <.064 <.064 E.06 <.11

2s 05/121998 <.032 <.038 <.03 <.064 <.064 <.11 <.11

2s 10127/1998 <.10 <.05 <.03 <.064 <.064 <.17 <.11
3s 05/13/1998 <.032 <.038 <.03 <.064 <.064 <.11 <.11

3s \0/28/\998 <.\0 <.05 <.03 <.064 <.064 <.\7 <.11
4s 05/12/1998 <.032 <.038 <.03 <.064 <.064 <.Il <.11
4s 10127/1998 <.10 E.04 <.03 <.064 <.064 <.17 <.11

5s 05/13/1998 <.032 <.038 <.03 <.064 <.064 <.11 <.11
5s 10/28/1998 <.10 <.05 <.03 <.064 <.064 <.17 <.Il
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Table 1. Volatile organic compounds in water samples collected at Lake Tahoe, other nearby alpine lakes, and

tributary streams, July 1997-January 1999-Continued

Site Depth
Ethyl- Ortho-

Meta- Methyl tert- Tert-amyl
number (meters below Date Benzene 1 Toluene'

benzene' xylene'
and para- butyl ether' methyl ether1

(fig. 1) land surtace) xylene' (MTBE) (TAME)

6s 05/13/1998 <0.032 <0.038 <0.03 <0.064 <0.064 <0.11 <0.11

6s 10128/1998 <.10 E.OI <.03 <.064 <.064 <.17 <.11

Other Nearby Lake Samples 2

3 3 09/0511997 <.032 <.04 <.03 <.064 <.064 <.II <.11

3 9.1 09/05/1997 <.032 E.OI <.03 <.064 <.064 <.11 <.11

15 3 09/04/1997 <.032 E.04 <.03 <.064 E.02 <.11 <.11

15 15 09/04/1997 <.032 E.02 <.03 <.064 <.064 <.11 <.11

16 3 08/10/1998 <.10 .II <.03 <.064 E.08 .78 .14

17 3 09/04/1997 <.032 E.02 <.03 <.064 <.064 <.Il <.11

17 10 09/04/1997 <.032 <.04 <.03 <.064 <.064 <.Il <.11

17 3 08/13/1998 <.10 <.054 <.03 <.064 <.064 <.17 <.Il

17 6 08/13/1998 <.10 <.054 <.03 <.064 <.064 <.17 <.Il

18 3 0811011998 .40 3.5 .71 l.l 1.5 7.7 2.2

I When an "E" is reported. the compound has passed all criteria used to identify its presence. and only the concentration is estimated (Connor and
olhers, 1998).

2 Lake sites 3 and 17 have no motorized boating activity.

(1992) and Zaugg and others (1995) and then analyzed by
gas or high-perfonnance liquid chromatography. Sampler
blanks were collected for quality-assurance purposes.

Bottom-sediment samples were collected and pro­
cessed using protocols developed for the National Water­
Quality Assessment Program (Shelton and Capel, 1994).
Sediment samples were sent overnight to the NWQL. The
sediment samples were extracted and analyzed for orga­
nochlorine compounds (28 compounds), PAH's (79 com­
pounds), and PCB's (total) by gas chromatography
(Foreman and others, 1995; Furlong and others, 1996).
Sediment samples from two tributary streams and two
sites at Lake Tahoe were sent to a contract laboratory
for detennination of dioxins and furans (25 compounds)
using methods described by U.S. Environmental
Protection Agency (1986). .

Detection of semivolatile compounds in water
is problematic because of their low concentrations and
transient nature. Semipenneable membrane devices
(SPMD's) were used to sample for these compounds in
the water column. SPMD's are devices that contain tri­
olein in a low-density polyethylene tube (Huckins and
others, 1990). These devices are effective in sequestering
dissolved organic compounds from water and are useful
in assessing their potential bioavailability (Bevans and
others, 1996). For quality-assurance purposes, a blank
(SPMD's transported to the sampling sites and opened
to the atmosphere at the sites) was collected during each
round of SPMD deployment. Compounds are recovered
from the SPMD's by dialysis and gel-penneation chroma­
tography and analyzed by gas chromatography-mass

spectrometry. Models exist to estimate water concentra­
tions of organic compounds from SPMD concentrations
(Huckins and others, 1993; Ellis and others, 1995).
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OCCURRENCE OF MANMADE ORGANIC
COMPOUNDS

Water

During the summers of 1997 and 1998, water
samples from 13 sites in Lake Tahoe were collected and
analyzed for gasoline components (table 1). All summer
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(Abbreviations: E, estimated concentration J; MTBE. methyt terr-butyt ether; TAME. terr-amyt methyl ether]
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Other nearby lakes 2

Percent detection
Concentration range

of detection

Motorized No motorized Motorized No motorized
boats boats boats boats

25 0 0.40

100 33 EO.02-3.5 EO.OI-EO.02

25 0 0.71

25 0 1.1

75 0 EO.02-1.5

50 0 0.78-7.7

50 0 0.14-2.2

not detected in these samples. Toluene and meta-and para­
xylene were detected in a sample from Zephyr Cove (site
10) at estimated concentrations of 0.02 and 0.02 IlglL,
respectively.

Water samples collected from six tributaries to Lake
Tahoe had only a few detections of manmade organic
compounds (tables 1 and 3). During spring runoff, ben­
zene was detected in a sample from Incline Creek (site Is)
at an estimated concentration of 0.004IlglL. Two pesti­
cides were detected in a sample from Blackwood Creek
(site 2s)-simazine estimated at 0.00381lglL and atrazine
estimated at 0.0031 IlglL. One pesticide was detected in a
sample from Taylor Creek (site 5s)-DCPA estimated at
0.OO12IlglL. During the fall baseflow period, VOC"s
were detected at low concentrations in three samples. Tol­
uene was detected at estimated concentrations of 0.0 1,
0.02, and O.04llglL in the Upper Truckee River (site 6s),
Incline Creek (site Is), and General Creek (site 4s),
respectively. MTBE was detected in a sample from
Incline Creek at an estimated concentration of 0.06 IlglL.
Nopesticides were detected in water samples collected
from tributary streams during baseflow conditions.

Other Tahoe Basin lakes sampled for gasoline com­
ponents during this study were Lower Echo (site 18)"
Fallen Leaf (site 16), Cascade (site 15), Marlette (site 3),
and Upper Angora (site 17) Lakes. Of these lakes, Upper
Angora and Marlette Lakes have no motorized boating
activity, Cascade Lake has limited motorized boating
activity, and Lower Echo and Fallen Leaf Lakes have con­
siderable motorized boating activity. Samples from Upper
Angora and Marlette Lakes had no detectable concentra­
tions of MTBE, ETBE, TAME, and BTEX compounds,

EO.02

EO.02

Winter

Concentration range
of detection

Lake Tahoe

Percent detection
Compound

Summer Winter Summer

Benzene 68 0 EO.02-0.61

Toluene 84 17 EO.02-4.4

Ethylbenzene 68 0 EO.Ol-l.l

Ortho-xylene 64 0 EO.03-2.0

Meta- and para-xylenes 80 17 EO.03-4.7

MTBE 100 0 0.18-4.2

TAME 76 0 EO.02-0.85

I When an "E" is reported, the compound has passed all criteria used to identify its presence, and only the concentration is estimated (Connor and
others, 1998).

\

2Categories represent motorized boats, all types of motorized boats are allowed on the lakes; and no motorized boats, no motorized boats are allowed
on the lakes.

Table 2. Percent detection and concentration ranges of gasoline components in water samples from Lake Tahoe and other
nearby lakes

samples from Lake Tahoe had detectable concentrations
of the oxygenate MTBE and most samples had measur- .
able concentrations of BTEX (benzene, toluene, ethyl­
benzene, and xylene) compounds (table 2). MTBE
concentrations ranged from 0.18 to 4.2 micrograms per
liter (jlglL), with the highest concentrations found in sam­
ples from near Tahoe City (site 4) and in Emerald Bay
(site 12). Another gasoline oxygenate, TAME, was found
in 19 of25 samples at concentrations as great as 0.851lglL
(in Emerald Bay). One other gasoline oxygenate, ethyl
tert-butyl ether (ETBE), was not detected in any sample at
a reporting level of 0.11IlglL. BTEX compounds were
detected in 88 percent of the samples collected from Lake
Tahoe. The highest concentrations of BTEX compounds
were measured in samples collected from Zephyr Cove
(site 10), Emerald Bay (site 12), and near Tahoe City (site
4). The most commonly detected BTEX compound was
toluene (found in 84 percent of the samples) with a maxi­
mum concentration of 4.4 I1gIL found in a sample from
Zephyr Cove. Benzene was detected in 68 percent of the
samples collected and the maximum concentration (0.61
Ilg/L) was in a sample from Zephyr Cove. Ethylbenzene
was detected in 68 percent of the samples and had a max­
imum concentration of 1.ll1g/L in a sample from Zephyr
Cove. Xylenes were detected in 64 percent (ortho isomer)
and 80 percent (meta llnd para isomers) of the samples
collected. The maximum concentration for total xylene
was 6.7 IlglL in a sample from Zephyr Cove.

During January 1999, samples were collected from
five locations (sites 1,5,7, 10, and 13) in Lake Tahoe and
analyzed for the same gasoline components discussed
above. MTBE, TAME. and most BTEX compounds were



Table 3. Soluble pesticides in water samples and semivolatile organic compounds in semipermeable membrane sampling

devices detected in tributaries to Lake Tahoe, Nevada and California

Compounds detected

Site
(fig. 1)

Is Incline Creek

Spring runoff

Baseflow

2s Blackwood Creek

Spring runoff

Baseflow

3s Glenbrook Creek
Spring runoff

Baseflow

4s General Creek

Spring runoff

Baseflow

5s Taylor Creek

Spring runoff

Baseflow

6s Upper Truckee River

Spring runoff
Baseflow

Soluble pesticides
(concentrations In

micrograms per liter)

none detected

none detected

sirnazine (EO.OO38 I).

atrazine (EO.OO31)

none detected

none detected

none detected

none detected

none detected

DCPA (EO.OOI2)
none detected

none detected
none detected

Semivolatlle compounds

cis-and trans-chlordane, chrysene, fluoranthene, hexachlorobenzene, pentachloroanisole,
phenanthrene. pyrene

trans-chlordane, p,p '-DOE

none detected

trans-chlordane, p,p '-DOE

cis7 and trans-chlordane, chrysene, fluoranthene, I-methylpyrene, pyrene

trans-chlordane

cis-and trans-chlordane, fluoranthene, 4,5-methylpyrene,pentachoroanisole. phenanthrene

trans-chlordane

cis- and trans-chlordane, p,p'-DDE, fluoranthene, benzo (g,h,i) perylene
trans-chlordane, p,p '-DOE, pentachloroanisole

cis- and trans-chlordane, pentachoroanisole
cis- and trans-chlordane, p.p '-DOE, 1,6-dirnethylnaphthalene. naphthalene

I When an "E" is reported, the compound has passed all criteria used to identify its presence. and only the concentration is estimated (Connor and others.
!99R).

wi th the exception of an estimated toluene concentration
of 0.01 /lglL in a sample from Marlette Lake and an esti­

mated concentration of0.02 J,l.glL in a sample from Upper
Angora Lake (table 1). An equipment blank from this
sample period also contained toluene at an estimated con­
centration of 0.04 /lglL; thus, these values may be from
contamination of the sampler. Lower Echo Lake had the
highest measured MTBE and TAME concentrations
found during this study. MTBE concentration was 7.7
llglL and TAME concentration was 2.2 JlglL. BTEX com­
pounds were found at the following concentrations in
Lower Echo Lake: benzene, 0.40 /lglL; toluene, 3.5 /lglL;
clhylbenzene, 0.71 /lglL; ortho-xylene, I.l JlglL; and
mcta- and para-xylenes, 1.5 JlglL. Fallen Leaf Lake had
detectable concentrations of MTBE (0.78 /lgIL), TAME
(O. 14 11glL), toluene (0.11 JlglL), and meta- and para­
xylene (estimated 0.08 /lglL).

Water samples were collected from eight sites in
Lake Tahoe and two depths from Upper Angora Lake for
soluble pesticide analysis. Soluble pesticides were not
detected in any sample from Lake Tahoe or Upper Angora
Lake.

Among the most commonly detected classes of
semivolatile organic compounds were organochlorines,
polycyclic aromatic hydrocarbons (PAH's), and phtha­
lates. Organochlorine compounds were detected in sam­
ples from all sites in Lake Tahoe and Upper Angora Lake
(table 4). Samples from near Incline Beach (site I),
Chambers Lodge (site 9), near Edgewood Creek (site 11),
and Tahoe Keys (site 13) had the greatest number of com­
pounds and the highest combined concentration of orga­
nochlorine compounds (fig. 2). Upper Angora Lake (site
17) had the fewest number of organochlorine compounds
and was among the lowest combined concentration, as
were samples from the TRG buoy (site 5), near Glenbrook
(site 7), near Chambers Lodge (site 9), and near Kiva
Beach (site 14). Trans- and cis-chlordane and p,p'-DDE
were detected in all samples from Lake Tahoe. Hexachlo­
robenzene was detected at four Lake Tahoe sites and had
the highest concentration in samples from near Incline
Beach and near Edgewood Creek.

PAH's were detected in samples from all locations
sampled at Lake Tahoe and Upper Angora Lake (site 17).
The number of compounds detected ranged from a low
value of 3 (Upper Angora Lake) to an upper value of 23
(near Kiva Beach, site 14). Samples taken near Incline

OCCURRENCE OF MANMADE ORGANIC COMPOUNDS 7
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Figure 3. Number and combined concentration of organochlo­
rine compounds detected in semipermeable membrane devices
placed in Lake Tahoe Basin streams during spring snowmelt
runoff (May-June 1998) and fall baseflow (November-Decem­
ber 1998) periods. Site locations are shown in figure 1.

0.1

EXPLANATION
3 Number of organochlorine compounds detected

_ Spring snowmelt runoff, May-June 1998
1;1;'1"'>,,\ Fall baseflow, November-December 1998

10 ...----,.----,----,...--...,.----,------,

(site 4s) had the highest combined concentration of PAH's
during the spring runoff period. The most commonly
detected PAH's were phenanthrene, fluoranthene, pyrene,
and chrysene. During baseflow conditions, PAH's were
detected in samples from all six tributary streams. The
greatest number of compounds and highest combined
concentration were found in samples from Upper Truckee
River. Taylor, Blackwood, and General Creeks had the
lowest number of compounds and combined concentra­
tion. Phenanthrene was detected in samples from all
tributary streams. Other commonly detected PAH's were
I-methylphenanthrene, diethylnaphthalene, and pyrene.

Dioxins and furans were analyzed in samples col­
lected from Upper Truckee River (site 6s) and Incline
Creek (site Is) and in Lake Tahoe near Edgewood Creek
(site II) and near Incline Beach (site I). No dioxins or
furans were detected in any of these samples.

Bottom Sediment

Bottom sediment was collected from seven sites at
Lake Tahoe, six tributary streams, and one site at Upper
Angora Lake during the summer of 1998 (fig. I). These
sediment samples were analyzed for semivolatile com­
pounds (organochlorines, PAH's, PCBs, and phenol), and
for two samples, dioxins and furans. Bottom-sediment

( samples from Lake Tahoe had few detectable manmade
organic compounds. One compound, p-cresol, was found
in all Lake Tahoe bottom-sediment samples except from
near Incline Beach (site 1). Concentrations of p-cresol
ranged from an estimated value of 17 J.lglkg near Tahoe
City (site 4) to 140 J.lglkg near Glenbrook (site 7).

-:
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EXPLANATION
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Figure 2. Number and combined concentration of semivolatile
organic compounds (organochlorine and polycyclic aromatic
hydrocarbon compounds) detected in samples from semiper­
meable membrane devices placed in Lake Tahoe and Upper
Angora Lake, July-August 1998. Sites are shown in figure 1.
Site 17 (Upper Angora Lake) is the only lake sampled for semi­
volatile organic compounds that has no motorized boating
activity.

1,000~-----------------..."

Beach (site 1), near Edgewood Creek (site 11), Glenbrook
(site 7), and Chambers Lodge (site 9) had high numbers
and large combined concentration of PAH's (fig. 2). Sam­
ple sites with low combined concentrations of PAH's
were Upper Angora Lake and both depths at the TRG
buoy (site 5). The most commonly detected compounds
were 9H-fluorene, fluoranthene, I-methylphenanthrene,
acridine, and I-methyl-9H-fluorene.

The number and combined concentration of orga­
nochlorine compounds in the tributaries were greatest in
Incline Creek (site 1s), General Creek (site 4s), Taylor
Creek (site 5s), and Upper Truckee River (site 6s) during
spring runoff (fig. 3). The most commonly detected orga­
nochlorine compounds were cis- and trans-chlordane,
pentachloroanisole, and hexachlorobenzene (table 4).
During baseflow conditions, Taylor Creek, Upper Truc­
kee River, and Incline Creek had the greatest number and
combined concentration of organochlorine compounds.
Trans~chlordaneand p,p' -DOE were the most commonly
detected compounds during baseflow conditions. Con­
centrations were generally higher during the spring runoff
than the baseflow-sampling period (fig. 4). During spring
runoff, PAH's were detected in four of the six tributary
streams. Concentrations ofPAH's from Blackwood Creek
(site 2s) and Upper Truckee River (site 6s) were below
detectable levels. Incline (site Is) and Glenbrook (site 3s)
Creeks had the greatest number and combined concentra­
tion of PAH's during this period (fig. 4). General Creek
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Table 4. Concentrations of semivolatile organic compounds in Lake Tahoe and Upper Angora Lake. Concentrations were

determined on extracts from semipermeable membrane sampling devices. Site numbers correspond to those in figure 1.

[Concentrations in milligrams per kilogram of lipid; all concentrations are estimated. Abbreviations: m, meter; <, less than]

Compound
Site 1 Site 5 Site 5 Site 7 Site 9 Site 11 Site 13 Site 14 Site 17

Blank
(3 m) (3 m) (36m) (3 m) (3m) (3 m) (3 m) (3 m) (3 m)

Acenaphthalene 6 <100 <100 5 5 <100 5 6 <100 <100

Acenapthene <100 <100 <100 <100 <100 <100 <100 18 <100 12

Acridine 29 24 <100 24 26 32 24 25 <100 <100

Anthracene <100 <100 <100 <100 <100 <100 <100 18 <100 <100

Benz(a)anthracene <100 <100 <100 <100 <100 <100 <100 II <100 <100

Benzo(b)fluoranthene 28 <100 <100 <100 23 25 <100 24 <100 <100

Benzo(k)fluoranthene 2 <100 <100 <100 <100 .7 <100 2 <100 <100

Benzo(g,h,i)pel)'lene 10 <100 <100 <100 <100 <100 <100 8 <100 <100

9H-Carbazole <100 <100 <100 <100 16 <100 <100 <100 <100 <100

Chrysene <100 <100 <100 <100 <100 <100 <100 4 <100 <100

Fluoranthene 41 24 26 27 35 47 24 94 24 23

9H-Fluorene 4 I I 2 2 3 2 II I <100

l·methyl-9H-Auorene II 8 <100 8 9 II 9 II <100 <100

Indeno( 1.2.3-cd)pyrene 20 <100 <100 17 17 18 <100 16 <100 <100

Naphthalene II 4 6 6 6 6 6 11 4 7

1.2-dimethylnaphthalene 5 <100 <100 3 <100 <100 <100 4 <100 <100

I,6-dimethylnaphthalene. 14 <100 <100 10 <100 11 10 12 <1<.XJ----<-HlO······

2.6-dimethylnaphthalene 8 <100 <100 6 6 6 5 6 <100 <100

2-ethyInaphthalene 15 <100 <100 12 12 12 11 13 <100 <100

2,3,6-trimethylnaphthalene 4 <100 <100 .2 .8 7 .09 2 <100 <100

Phenanthrene 28 19 27 22 24 20 18 59 21 22

I-methy1pheminthrene 27 24 24 24 25 26 24 29 26 23
4,5-methylenephenanthrene 9 <100 <100 2 4 7 3 14 <100 <100

Phenanthridine <100 <100 <100 22 <100 23 <100 <100 <100 <100

Phenol 13 13 13 14 13 12 13 IS 13 13

Pyrene 30 23 24 23 24 24 22 44 23 23

Bis(2-ethylhexyl)phthalate 42 60 51 48 48 43 37 36 48 41

Diethylphthalate 20 22 29 32 33 14 20 23 24 30

Dimethylphthalate 8 <100 <100 <100 <100 <100 <100 <100 <100 7

Di-n-butylphthalate 24 28 29 27 27 25 24 24 24 25

Di-n-octylphthalate 23 24 <100 23 24 23 23 22 24 <100

Hexachlorobenzene 9.5 <5.0 <5.0 <5.0 I 5 I <5.0 <5.0 <5.0

Cis-chlordane 2 2 I 3 2 2 4 2 2 <5.0

Trans-chlordane 2 2 2 2 2 2 3 2 2 <5.0

p.p'-DDE I .9 I .9 I .9 I .8 <5.0 <5.0

Dieldrin <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 I <5.0 <5.0 <5.0

trans-Nonachlor I <5.0 <5.0 <5.0 <5.0 <5.0 I <5.0 <5.0 <5.0

OCCURRENCE OF MANMADE ORGANIC COMPOUNDS 9



SITE NUMBER

EXPLANATION
3 Number of PAH compounds

_ Spring snowmelt runoff, May-June 1998
lifi.\r"i'l Fall baseflow, November-December 1998

Figure 4. Number and combined concentration of polycyclic aro­
matic hydrocarbon (PAH) compounds detected in the semiper­
meable membrane devices placed in Lake Tahoe Basin streams
during spring snowmelt runoff (May-June 1998) and fall baseflow
(November-December 1998) periods. Site locations are shown
in figure 1.

Kiva Beach (site 14) had a concentration ofp-cresol (110
Ilglkg). Several phthalate esters were detected in these
samples and may be the result of contamination during
laboratory processing of the samples. Phenol was
detected in a sample from near Chambers Lodge (site 9)
at an estimated concentration of 4 llglkg.

A phenol, p-cresol, was detected in bottom sedi­
ment from Taylor Creek (site 5s) at an estimated concen­
tration of 22llglkg. Several phthalate esters were detected
in aU samples including the blanks and may be the result
of contamination during laboratory preparation of the
samples. Three dioxins were detected in a sample from
Upper Truckee River (site 6s) at low concentrations. The
dioxins found were total heptachlorodibenzo-p-dioxin
(5.8 nglkgl ), 1,2,3,4,6,7,8-heptachlorodibenzo-p-dioxin
(2.5 nglkg), and octochlorodibenzo-p-dioxin (22 nglkg).
A sample from Incline Creek (site Is) had octochloro­
dibenzo-p-dioxin present at 5.2 nglkg.

Several compounds were detected in bottom sedi­
ment from Upper Angora Lake (site 17) at rather high
concentrations. These compounds and their concentra­
tions were p,p' -DOD (10 Ilglkg), P,P' -DOE (7.4 Ilglkg) ,
2,6-dimethylnaphthalene (estimated at 190 Ilglkg), pen­
tachlorophenol (3,000 Ilglkg), and p-cresol (4,400 Ilglkg).

I nglkg is an abbreviation for nanograms per kilogram
(equivalent to parts per trillion) and is equal to 0.001 I!glkg.

Discussion of Results

Organic compounds detected in water- and bottom­
sediment samples collected from Lake Tahoe Basin indi­
cate human activities have introduced potentially harmful
compounds into the Basin. Even though the concentra­
tions of these compounds are low, their presence suggesls
a need to monitor waters within the Lake Tahoe Basin for
manmade organic compounds to ensure no further degra­
dation of its waters.

Several lines of evidence suggest that most VOCs
detected in water samples from lakes in the Tahoe Basin
are the result of motorized watercraft use in the lakes.

• VOC's were found in all water samples collected
from lakes where motorized boating occurred
(table 2).

• Areas of high boating activity (Emerald Bay,
Tahoe City, and Zephyr Cove in Lake Tahoe and
Lower Echo Lake) had the highest concentra­
tions of MTBE and BTEX compounds.

• Samples collected during periods of high boating
activity (weekends during the summer), as
reported by Boughton and Lico (1998), had some
of the highest concentrations found in this study.

• Water samples collected at open-water sites,
where boating activity is light, had some of the
lowest concentrations of MTBE and BTEX
found at Lake Tahoe during the boating season.

• Water samples collected during the winter
months, when boating activity is low, had no
detectable MTBE and minimal BTEX com­
pounds (table 2).

• No MTBE and minimal BTEX compounds were
found in lakes (Upper Angora and Marlette
Lakes) where motorized watercrafts are prohib­
ited.

The atmosphere, surface drainage of lands, and sub­
surface drainage within the Lake Tahoe Basin are not the
primary source of the high concentrations of VOC's
observed in Lake Tahoe during the summer months.
Upper Angora and Marlette Lakes did not have any
VOC's present at concentrations greater than 0.02 11gIL.
This indicates that an atmospheric source for VOC's in
the Tahoe Basin is minor, if present at all. Tributary
streams sampled during spring runoff and baseflow
conditions only had a few detectable concentrations of
VOC's, all less than 0.06 IlgiL. This indicates that tribu­
tary runoff within the basin is not a major source of
VOC's. Finally, input of VOC's to Lake Tahoe by subsur­
face sources appears to be minor, at least in the areas
investigated during this study. Ifa source such as this were
present, VOC concentrations would be higher during the
winter because the source would not be seasonally depen­
dent.

10 Concentrations and Distribution of Manmade Organic Compounds in the Lake Tahoe Basin, Nevada and California, 1997-99



Soluble pesticides were not commonly detected dur­
ing this study, although, low concentrations were found in
two water samples collected from tributary streams during
spring runoff (table 3). No lake sample had a detectabie
concentration of any pesticide.

Organochlorine compounds are synthetic com­
pounds mostly used as insecticides, fungicides, and wood
preservatives. Organochlorine compounds were found in
all SPMD and most bottom-sediment samples collected
during this study. Although present, the concentration of
these compounds in the water column is less than one part
per trillion (as calculated using the model developed by
Huckins and others, 1990). Chlordane (cis- and trans­

isomers) andp,p'-DDE were found in all SPMD samples
collected from Lake Tahoe. Chlordane andp,p'-DDT
(which degrades intop,p'-DDE) were commonly used
insecticides prior to the 1960's and 1970's. The use of
these specific compounds was discontinued by the mid­
1970's due to their effect on the environment, but, due to
their persistence, they are still present. In Lake Tahoe,
SPMD samples near urbanized parts of the Lake (sites I,
II, and 13) had the highest concentration and number of
organochlorine compounds suggesting their source may
be urban areas. Hexachlorobenzene also was detected in
four samples with the highest concentrations being in
samples offshore from Incline !leach and Edgewood
Creek (sites 1and 11), both offshore from relatively dense
urban development. SPMD samples from the open-water
site (site 5) and Upper Angora Lake (site 17) had the low­
est concentrations of all lake samples. Bottom-sediment
samples from Lake Tahoe had few detectable organochlo­
rine compounds with the exception of p-cresol, which was
detected at every site, except site 1. A common ingredient
in wood-preservative formulations, p-cresol probably is
present in many of the treated piers and pilings in Lake
Tahoe. Concentrations oforganochlorine compounds in
SPMD samples from tributary streams were similar to that
from the open-water site in Lake Tahoe. Bottom-sediment
samples collected from tributary streams had few detect­
able concentrations of organochlorine compounds indi­
cating they are not a current source for most of the
compounds found in Lake Tahoe.

PAH compounds are produced by high-temperature
pyrolytic reactions such as in internal combustion
engines, forest fires, and municipal incineration. Their
occurrence in aquatic systems is reportedly due to anthro­
pogenic sources (Smith and others, 1988). PAH's were
detected in all SPMD samples from Lake Tahoe. Concen­
trations generally were higher in samples from Lake
Tahoe than those from tributary streams. Nearshore sam­
ples had the largest number of compounds and highest
combined concentrations of PAH's. PAH's are most abun­
dant in areas where the amount of motorized boating
activity is high (sites 1and 14). Offshore from Kiva Beach

(site 14), a popular water skiing location, the highest com­
bined concentration of PAH's and the most number of
compounds were found. Using the model of Huckins and
others (1990), the concentration for fluoranthene is
approximately 0.3 ng/kg. Samples from open water on
Lake Tahoe (site 5), where motorized boating activity is
low, had a low number of compounds and combined con­
centrations of PAH's. At this site (site 5), a sample from
a depth of 36 in had lower combined concentration of
PAH's than a sample from a depth of 3 m. Temporal vari­
ation in PAH concentrations within Lake Tahoe are not
presently known. PAH's were not detected in bottom­
sediment samples from Lake Tahoe, indicating little to

no accumulation of these compounds on the sediment.
PAH's were present in most SPMD samples from tributary
streams in the Lake Tahoe Basin. Most of the samples had
between two and four compounds, two samples had no
compounds, and the sample from Upper Truckee River
(site 6s) had seven compounds (fig. 4). Most streams,
except Upper Truckee River, had higher combined con­
centrations and number of compounds during the spring
runoff period than during the baseflow period. Actual con­
centrations of PAH's in the water column generally are
less than 1 ng/kg (as calculated using the model developed
by Huckins and others, 1990). Upper Angora Lake, where
no motorized boating occurs, had the fewest number of
compounds and lowest combined concentration ofPAH's,
indicating atmospheric sources are not the major input
into Lake Tahoe Basin lakes (fig. 2). Controlled burning of
vegetation within the Lake Tahoe Basin may be a potential
source of PAH's but appears to be a minor contribution.

Sampling Incline Creek, Nev., May 1998. Photograph by
M.S. Lico, U.S. Geological Survey.

Discussion of Results 11
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Abstract

Evidence from this study suggests the existence of a significant modem source for
atmospheric Hg deposition in the Sierra Nevada. Concentrations of both lead (Pb) and

mercury (Rg) in the sediments ofLake Tahoe deposited prior to 1850 are similar to
concentrations in the catchment bedrock, but their concentrations in modem sediments have
increased six-fold for Pb (average 83 ppm) and five-fold for Hg (average 0.191 ppm). The
lake occupies a relatively pristine, non-industrialized subalpine basin, with a watershed to

lake surface ratio of only 1.6. Excess accumulation of trace metals in these sediments should
closely reflect direct atmospheric deposition. On average, since 1980 there have been

approximately 17 mg ofPb and 38 ~g ofHg deposited annually per square meter in excess
of the baseline flux. While Pb emissions have occurred locally in the Tahoe basin, from
combustion of leaded gasoline until about 1985, the deposition of atmospheric Hg must

represent a predominately regional to global source of contamination. Ratios of total modem
flux to preindustrial flux are 29 for Pb and 24 for Hg. The flux ratio for Pb is somewhat

higher than reported from the eastern USA and Canada, but is not atypical. The flux ratio for
Hg is much higher than that observed in most other natural aquatic systems without

point-source contamination. Both orographic scavenging and cold-condensation processes
could enhance the deposition ofHg and other atmospheric pollutants over the Sierra Nevada.

Introduction

Modem industrial processes, product distribution, and material consumption patterns all
disperse a wide variety of toxic metals into the environment. Of particular concern is the

atmospheric emission of these metals, which can cause significant contamination over large
areas. The introduction of alkyl-leaded gasoline in 1923, for example, ultimately produced a

global anthropogenic Pb emission rate that exceeded the total contribution from natural
sources by a factor of 28 (1). Mercury emission rates have also increased over modem times,

and Hg is now listed as an EPA priority pollutant, in large part due to concerns about its
biomagnification in aquatic food chains.

To date, there have been few studies of atmospheric deposition for trace metals on the U.S
west coast: This study looks at the history of atmospheric Hg deposition over Lake Tahoe, a

relatively pristine watershed in the Sierra Nevada mountains of California and Nevada.
While there has never been any recorded use ofHg in the Tahoe basin, there was a

substantial production and consumption ofHg in mining districts of California and Nevada
adjacent to the Tahoe basin during the late 1800s. Our objective was to compare the modem

rates ofHg deposition to the preindustrial (baseline) rates, as reconstructed from lake
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sediment cores. We also examined Pb accumulation rates, and compared the results for both
Pb and Hg to sediment concentrations and to flux estimates from similar studies in other
regions ofNorth America. The sediment concentrations of titanium (Ti), a conservative

reference element, were used as correction factors in reconstructing these trace metal
deposition rates.

Study Site and Methods

Lake Tahoe occupies a graben in the northern region ofthe Sierra Nevada mountains, on the

border between California and Nevada. Its surface area is 498 km2, within a natural basin of

1,311 km2. Less than 8% of the terrestrial area is urbanized. At its natural rim the lake is
1897 meters above sea level, but surrounding mountains extend to over 3000 meters. On its
western boundary the Tahoe watershed is delineated by the north-to-south bearing crest of

the Sierra Nevada range.

The sediment cores examined in this study were extracted with a Soutar box corer, deployed
from the D.C. Davis Research Vessel John LeConte. Two box cores (LT-91-1 and LT-91-3)

were extracted from opposite ends of the lake in the profundal zone below 400 meters. A
third core (LT-91-4) was taken off the west shoreline on a deep shelf at 300 meters depth.

.Concentrations of 210Pb and 137Cs were determined by alpha and gamma spectrometry,
respectively, in the laboratory ofDr. David Edgington. The analyses for Pb and Ti were

performed by energy dispersive x-ray spectrometry. Samples for Hg analysis were digested
in nitric and sulfuric acids, under pressure, then subsequently analyzed for total Hg (THg)

using a modified cold vapor atomic absorption (CVAA) micro-technique (2).

Results

The concentrations ofPb and Hg in each sediment section of the three cores from Lake
Tahoe are shown below, along with the smoothed profiles produced by a three term moving

average. The onset horizon of 137Cs is indicated by a horizontal line at the bottom of the

deepest sediment section in which 137Cs was detected. This onset horizon is generally
interpreted as representing the first appearance (1952-1954) of global fallout from the
atmospheric testing ofthermonuclear weapons. To facilitate interpretation, approximate

dates of sediment deposition are also indicated on the vertical axis.
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In all three cores, Hg concentrations increase substantially prior to the 137Cs onset horizon,

and prior to equivalent changes in Pb concentrations. Above the 137Cs horizon, however, Hg
concentrations increase more slowly, whereas Pb concentrations begin to increase rapidly
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until they stabilize somewhat in the surficial sediments. In contrast to Pb, the trend of
increasing Hg content persists into surficial sediments, which are enriched about five-fold

over the baseline concentrations (see sediment enrichment factors listed in Table 1).

i Table l.Concentrations ofPb, Hg and Ti in Lake Tahoe sediment cores; with mean values, relative standard I
Ideviations (RSD) and sediment enrichment factors (SEF) calculated for each element. I[··... ~::..j[l(~~:~~~~):.:·::~.······:].:··:.:::]~~_~~~~~·: ..-·:~··:~·.:~]~·-.·:· ....::··::.····"]l!i·~it~).~=~[._ ..-.:]~~.~l
Eo~~_ IOI~~~~cia~.JI~_as~!in~iOI~~ficial. .J1~~~~li~erCllsur~~~~ .._._.!Ib~selin~J[IIP_~ ....II~~JTi I
I~T•.?.~~1IDI~_~j~~·2 .II .I1?:~~!.Ilo.0.~?.JI __ _._. _ ..J1?~~781~][ _ J[§@3@!]
I~T.91-310[~J[!2.5 ..11... . .I1?~.~571~·0~7. ..II... _" 11~·26~119·259 .. 1 _. ...J~:~~
I~!-9l-~JDI~:?.II~?.~.5_JL.. . " J[~!.?~II?:?~! 1.. . J?~~?~JI.?.284.j ". __.. ..JE2I~l@!]
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Since it has been shown that redox conditions do not appreciably influence the structure of
Pb or Hg stratigraphy in most lake sediments (3), we interpret these patterns in the Tahoe
sediments as representing temporal changes in Pb and Hg loading rates. These patterns do
not change significantly when corrected for the contribution of trace metals derived from

watershed weathering (normalized by factoring to variation in the content of sediment
titanium as a conservative lithogenic element in most depositional environments).

Sediment fluxes ofPb and Hg were calculated as the product of sediment concentration and
mass sedimentation rate. These data are summarized for the modem (post 1980) depositional
period in Table 2. For modem sediments, with equal weight given to each core, the estimate

of excess (normalized) Pb flux is 17 mg m-2 y-l. A corresponding estimate for excess Hg

flux is 38 I-lg m-2 y-l.

Concise representation ofchange in deposition rate over time within a system is given by the
flux ratio. This is simply the modem flux divided by a baseline, or preindustrial (ante 1850)
flux. Like SEF factors this flux ratio must be calculated from the total (i.e., non-normalized)

concentrations. Flux ratios are independent of most factors that affect Hg concentrations,
such as site conditions, sediment focusing, and site-specific differences in absolute rates of
atmospheric Hg deposition. Thus, flux ratios provide a unitless measure for the comparison

of changes in Hg deposition between sites and geographic regions. At 47 Ilg m-2 y-l the
average modem flux ofHg (uncorrected) to Lake Tahoe sediments is 24 times greater than

the baseline flux was prior to 1850 (2.0 I-lg m-2 y-l). This flux ratio is substantially higher
than observed in the eastern and midwestern U.S. or in Alaska and Canada (4). Neither the

modern flux nor the preindustrial flux at Lake Tahoe, however, fall outside the range of
results found in other studies. Thus, it appears that high flux ratios for Hg in the Tahoe

sediments result from a combination of relatively low preindustrial flux and a comparatively
high modem flux.

For Pb, the average modem flux (uncorrected) to Lake Tahoe sediments is 20 mg m-2 y-l,

and the average preindustrial accumulation rate is 0.7 mg m-2 y-l. These values and the
resulting flux ratio of 29 are similar to Pb accumulation rates found at other sites around the

country (4).

Since Hg is known to bioaccurnulate in aquatic food chains, and since Hg flux to the
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sediments of Lake Tahoe has increased substantially over the last 100 years, we obtained
measurements ofHg content in the biota (4); specifically crayfish (Pacifastacus leniusculus),

which has been recommended as a reliable indicator of trace metal contamination,. and the
Mackinaw trout (Salvelinus namaycush), which is a top aquatic predator and the basis of an
important sport fishery at the lake. Several individuals of each species were collected from
about one kilometer off the west shore, just south of Tahoe City. These concentrations are

reported in ppm tug g-l), wet weight. The regressions show a trend of increasing Hg content
with size of individuals for both Mackinaw trout and crayfish. All concentrations reported in

this study, however, fall below the California state threshold of 0.5 ppm.

Discussion

One ofthe more interesting findings of this study is that Hg flux.on the U.S. continental west
coast near the crest of the Sierra Nevada mountains may be equivalent to or greater than rates

ofHg deposition observed in the Midwest and eastern U.S. or in Alaska and Canada (4).
Since there are no significant local sources ofHg emission within the Tahoe Basin, it would

appear that air parcels coming offthe Pacific Ocean must either carry Hg from distant
sources or entrain Hg from regional sources on the west coast.

For Pb there has been a local source of historical emissions at Lake Tahoe, in the form of
leaded gasoline consumption. Interestingly, this can provide some validation for the

relatively high rate of modern Hg deposition estimated for this site. We have calculated
automotive Pb emissions at Lake Tahoe for 1976, using fuel consumption records as

estimated by in-basin gasoline sales (5). These calculations suggest that sufficient Pb was
emitted locally to account for most of the Pb burden measured in recent sediments of the

lake. Furthermore, our baseline flux ofPb to Tahoe sediments (0.7 mg m-2 y-l) is quite
similar to Pb deposition measured at a remote Sierran site (6), and is just slightly greater than

the flux of 0.5 mg Pb m-2 y-l measured in bulk precipitation over the eastern central
(33-48°N) Pacific Ocean (7).

The fact that we can accurately account for Pb burden in the Tahoe sediments, along with its
general correspondence to loading rates and flux ratios observed in other studies, suggests
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that our reconstruction of historical sediment and trace metal deposition in this system is
reliable. It is likely that Hg has been brought into the basin by prevailing westerly winds, but
that Pb has been predominately contributed by automobile emissions distributed around the

lake.

The unexpectedly high rate ofHg deposition observed at Tahoe in the modem sediments
may occur as a result of efficient orographic scavenging by rain and snow as air parcels

travel over the crest of the Sierra Nevada mountain range. Another factor that could
significantly enhance Hg deposition over the Tahoe area is a process of cold-condensation,
whereby temperature dependent partitioning and transport increase the concentrations of

semi-volatile compounds over cooler environments (8). It has been shown that these
processes and increased precipitation sharply enhance the accumulation of semi-volatile

compounds at elevations above 2000 meters (9). This could increase the Hg accumulation
rates over high altitude environments like Lake Tahoe, especially when there are regional

.downwind sources ofHg in a warmer climate at lower elevations.

Although USEPA region IX (California, Nevada and Arizona) is the second lowest of all
regions in this country for estimated THg emissions (lO), it is possible that air parcels

traveling toward Tahoe could entrain Hg volatilized from the waste ofhistorical gold and
silver mining. A tremendous amount of elemental Hg was consumed during-the late 1800s at

several mining districts regionally close to the Tahoe basin. Somewhat surprisingly, these
historical emissions from the western Sierra foothills and from Virginia City in Nevada did
not produce an unequivocal signal in Lake Tahoe sediments. Elevated concentrations ofHg

are found at depth in the west lake core, but do not appear in the south lake core and are
significantly modulated in the north lake core. We suggest that high mass sedimentation rates
from Comstock logging in the late 1800s diluted most of this historical Hg signal in the two
midlake cores (4). For that reason we have focused this study on comparing the preindustrial

Hg deposition rates to modem rates.

Much ofthe Hg lost to mining spoils or deposited locally during the mining era would
continue to volatilize from depositional surfaces and may gradually be transported

downwind across the landscape. Nriagu (11) suggested that re-emission of only 0.2% ofHg
lost during the historical mining era in the Sierras would be equivalent to a substantial

fraction of current annual anthropogenic emissions in the U.S. This continuous volatilization
of HgO from mining spoils and abandoned Hg mines in the Coastal Range, in conjunction
with orographic precipitation, scavenging and cold-condensation, could be contributing to

the relatively high rate of modem atmospheric Hg deposition at Lake Tahoe.

We still cannot say yet whether that Hg input derives predominately from regional, perhaps
historical, sources on the west coast or from globally distributed atmospheric Hg, but the

regional sources are suspect for up to 85% ofTHg deposition. Obviously, a series of
sediment sampling transects or deposition monitoring stations are needed across both

elevational and latitudinal gradients in the western U.S. to clarify the relative importance of
these sources and processes.
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FISHERIES PROGRAM

BACKGROUND

The Fishery resource of the Tahoe Region has always been an integral part of Tahoe's natural
environment. The waters of the Tahoe Region once abounded with native Lahontan cutthroat
trout and supported a commercial fishery through the early 1900·s. Through a variety of cause­
and-effect relationships. the native cutthroat trout no longer exist in Lake Tahoe. The last
reported spawning run of Lahontan cutthroat trout occurred in 1938. Today, the Tahoe Region
supports both a lake and stream fishery. Game fishes include the brook trout. kokanee salmon.
rainbow trout. mackinaw (lake trout). brown trout. and mountain whitefish. Of these, only the
whitefish is native to the Region. The non-game fish species include Tahoe sucker, Lahontan
redslde. Lahontan speckled dace. Piute sculpin. and Tui chub. Species composition of the Tahoe
fishery has changed greatly over time and the abundance and size are less than historical levels.

Unlike the wildlife threshold that focuses on individual species and their associated habitats, the
fisheries thresholds focus almost entirely on habitat. Specifically. stream habitat and Jake habitat
are evaluated against adopted numerical standards (see Appendix C for numerical standards). In
addition. TRPA has been directed to adopt instream flow standards to assure adequate water
flows. depth. volume. and temperatures that are critical to biological quality for both resident and
migratory fish populations throughout the Region's tributaries.

The entire fIshery is sensitive to habitat disturbance and loss. Maintenance 01 the fishery must
focus on preserving prime fish habitat in the lakes and streams and ensuring access to spawning
and feeding habJIat. Thresholds adopted for hshenes rellect the need to protect, enhance and
improve fish habitat.

BASIS OF PROJECT DESCRIPTIONS
Projects, programs, and studies identified in the EIP which implement the Fisheries thresholds
were initially developed during the 1996 Threshold Evaluation process with considerable input
from the Fisheries and Wildlife Technical Advisory Committee (TAC). The TAC used the fish
habitat assessment completed in 1996 by the U.S. Forest Service for the streams of the Region
as well as the stream surveys that were conducted to establish the In-Stream FIsheries threshold
standards (1982). In addition. observations and personal experience of the members of the TAC
served to supplement these documents. Shoreline surveys conducted between 1993 and 1997
were used to update TAPA In-Lake Prime Fish Habitat maps. The updated and adopted map
identifies areas in need of habitat restoration. This is the source of. reference for the EIP In·Lake
habitat projects. For specific threshold standards see Appendix C.

PRIORrrY SETTING

Projects are prioritized based on projected implementation dates provided by sponsoring entities.
by location (e.g.• streams with an excellent fisheries potential that are currently rated as
marginal), or by relative ease of implementation. Priority 2 projects .need to be completed within
the next ten (10) years in order to provide the improvement on the streams to aid in threshold
attainment. Priority 3 projects are those projects that should occur in the ten (10) years beyond
2006. These projects would exceed the numerical targets beyond those established in the
Thresholds. Projects are not added to the EIP for In-Stream habitat restoration if the stream is
rated marginal and has no potential for improving as a fisheries stream.

COST ESTIMATES

Project cost estimates are based on similar projects completed to date in the Region. For In­
Stream Fisheries, the cost is based on a per/mile cost for channel restoration. In-Lake Fisheries

Fisheries - Page 1



habitat improvements are based on a per/acre substrate restoration cost. It should also be noted, •
that because In-Stream Fisheries, Stream Environment Zone (SEl), and Wildlife Threshold
Standards are so closely interrelated and dependent on one another. there has been an effort to
cross-reference. For example, the Upper Truckee River/Cove East project has an SEl cost, a
fisheries cost, and a wildlife cost. Together, these sub-total costs make up the estimated total
cost for the project.

The private sector is expected to playa crucial role in the development and implementation of
fisheries improvement projects. Greater than 65% of Lake Tahoe's shoreline is owned by private
citizens. In many areas this ownership overlays where there are habitat improvement needs for
In-Lake habitat. With the exception of a few spawning habitat projects that have identified
specific areas to be improved, the In-Lake habitat improvement needs are identified by a total
number of acres by county. One program identified in the EIP for Fishenes is the In-Lake Habitat
Improvement Program. This program will be critical to the success of a public/private partnership
approach aimed at restoring and/or improving fish habitat in Lake Tahoe.

•

•
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RUBICON CREEK MOUTH· STREAM HABITAT RESTORATION Project 402
Number:

Program: FISHERIES EIP Project Code: 9510 Priority: 3

Jurisdiction: EL Implementation Date: 2007 Estimated Project Cost: 500,000.00

Keywords: PRIVATElCTC/CA STATE LANDS/CA F&G/CA STATE PARKSILAKEISTEAM

REMOVE FLUME STRUCTURE FROM MOUTH OF RUBICON CREEK ANDRECONTOUR CHANNEL
TO BEACH (PRIVATE PROPERTY),STABILIZE STREAM BANKS, FACILITATE THE EXCHANGE OF
STREAM DIVERSION TO SOME OTHER SOURCE (10 ACRE FEETIYR), RESTORE BED SUBSTRATE

Scenic Unit: S·8
Street:

PAS/CP:
Stream:

147 Watershed: 51
RUBICON CREEK

Needs Assessment: X Concept: TRPA Permit: Completed:

Water Quality: +
Soils/SEZ: +
AOrrrans:

EIP THRESHOLD SUBJECT

Noise:
Recreation:

Fish: +

Wildlife: +
Scenic: +

Vegetation: +

COMMENTS: WI COMPLETION. 1.9 STREAM MILES WILL RATE EXCELLENT

HEAVENLY VALLEY CK PHASE I· STREAM HAB RESTORATION Project 404
Number:

Priority: 2

Estimated Project Cost: 50,000.00

Program: FISHERIES EIP Project Code: 9510

Jurisdiction: EL Implementation Date: 2004

Keywords: CAF&G/USFS/CTCIPRIVATE

STABILIZE THE BANKS OF HEAVENLY CREEK THROUGH REVEGETATION AT PIONEER TRAil
AND.5 MILES ABOVE AND BELOW. PHASE I OF HEAVENLY VALLEY CREEK RESTORATION

Scenic Unit: R 46
Street: PIONEER TRAIL

PASlCP:
Stream:

101 Watershed: 43
HEAVENLY VALLEY

Needs Assessment: X Concept: TRPA Permit: Completed:

Water Quality: +
Soils/SEZ: +
AQlTrans:

EIP THRESHOLD SUBJECT

Noise:
Recreation: X

Fish: +

Wildlife: +
Scenic: X

Vegetation: +

COMMENTS: WITH THE COMPLETION OF PHASE I 4.4 MILES GO TO GOOD(SEE II)
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MEEKS CREEK PHASE II· STREAM HABITAT RESTRORATION Project 700
Number:

Program: FISHERIES EIP Project Code: 9510 Priority: 3

Jurisdiction: EL Implementation Date: 2007 Estimated Project Cost: 500,000.00

Keywords: USFS/CALTRANSIWASHOE TRIBE/STREAM HABI MIGRAT.

REMOVE BARRIER TO FISH MIGRATION & IMPROVE OPTIMAL FLOWS:CALTRANS TO RETROFIT
BRIDGEIBOX CULVERT AT MEEKS CREEK AND HWY 89 TO ELIMINATE BARRIER TO FISH
PASSAGE. USFS TO MANIPULATE STONEY RIDGE LAKE DAM FOR MORE OPTIMAL FLOWS.

Scenic Unit: R7
Street: HWY 89

PAS/CP:
Stream:

150 Watershed: 55
MEEKS CREEK

Needs Assessment: X Concept: TRPA Permit: Completed:

Water Quality: X
Soils/SEZ: X
AQfTrans: X

EIP THRESHOLD SUBJECT

Noise:
Recreation: X

Fish: X

Wildlife: X
Scenic: X

Vegetation: X

COMMENTS: PHASE II WILL BRING 6.5 STREAM MILES TO EXCELLENT SEE#147

HEAVENLY VALLEY CK PHASE II· STREAM HAB. RESTORATION Project 710
Number:

Program:

Jurisdiction:

Keywords:

FISHERIES EIP Project Code: 9510 Priority: 3

SLT Implementation Date: 2007 Estimated Project Cost: 500.000.00

USFSlHEAVENLY VALLEY SKI/PRIVATE/STREAM HAB

IMPROVE CHANNEL MORPHOLOGY AS NEEDED WHICH INCLUDES DEVELOPMENT OF POOLS.
IMPROVE BED SUBSTRATE. REMOVE BARRIERS CREATED ROADS AND CULVERTS. FACILITATE
EXCHANGE OF STREAM DIVERSION WITH OTHER WATER SOURCE.

Scenic Unit:
Street:

PAS/CP:
Stream:

101 Watershed: 43
HEAVENLY VALLEY CK

Needs Assessment: X Concept: X TRPA Permit: Completed:

Water Quality: X
Soils/SEZ: X
AQlTrans:

EIP THRESHOLD SUBJECT

Noise:
Recreation: X

Fish: X

Wildlife: X
Scenic:

Vegetation: X

COMMENTS: PHASE II COMPLETION WILL BRING 4.4 STREAM MILES TO EXCELLENT
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1.!??~.~_~~=~~.1?:.~.0 t. ' .. u • 9t. ......~~ C--,1..·0??~:
l.l.~?~=?_3.=~.?!s.:~OJI __ 9.:1 ·?9~11. ... J. ..?!.?~J
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. ORGANIC N02+N03 PHORUS·
TOTAL TOTAL TOTAL
(MG/L (MG/L (MGIL

SAMPLE : MEDIUM· AS N) AS N) AS P) :
DATETIME CODE (00625) (00630), (00665) i

[~~~9i;~~;ij~X~~~~_? :1 ....~._.·'~:I~ .•.···.:.,.··i7,~2.~~,I._ •.•...•......... :1.~·.~.·~2.~i :
11993-07-2110:0011.. 911 ..0631:11 ..0221.
I!~i~oj~;~~j~:i~f ~.•.''~".'.'.,9,[ ~•.?~·1~81 .." ':,' '.' ..•~;~~~~.. t
11?~.~~~~~2.~._~.~:~~J.. __. .....~1 :~2~~J_ ;1 ...o.~_1~:
I!?~3~~~=~~.!1:.~?!1 ~iI. :~?~J.... J. .0457 i

l~~~~i~;~i;;i;il------~J- 1.~~::1·· I :~~:::
1.~~i~:L~~~~~:1-~;~·~:\I.~-.·~~~.·~~.'I. '." ~.·.·.··· .•~.~~;.:C~.'., .••_._. . ..~:[.u·.·i~.1.~\
11994-03-2312:4011 .9\1 ..145:1. ... 1 .0.183!
l'i99'4~o4-o514';2o'11-'-""" 9'fM. "":1'057"1-'" .,.... .'1'--''-014!
119.?~~0~~~?·i~j§JI •• ·- •...·••. ?:I.· .•........ ·.i~i~JI·_··· II•.• _.~ .~0.!.~~·1

I. ~.~?~=~~-2~.19..:3..o.t ?1I :!?42 il u'" l__ .~:~~~j
I!.?.2~.=~? -.?~._1.~:5 o.JI.......... .? 1_.__ ..:!??8.l u' __ •••• t... _~1.~~J
1.~?-?_~.~=~~_!~:301L._ ... ..__w~l..._.....??~.~_J. _~ .. , .., ,. J. .....O'.~?_2!
1..!~~~~~=.!~!.!:0?11 '." ,. ~!I._. .:!?~~.t :1 .. _UH.~~3._o.~J
1~~~~~_~~.=~_~.!~_:?~Jt __ ~.:L___.:.?~~!.;I __ . :1 :_~~~J
\~?~~.~~~=~3 !.~:!g.:,L. .. 9.!I....:.!.~?!il. ". :1 ~o.!.?!J
I.~::~~~~=~~ ..~.~:~~:I. '. ~J.... ..??2?J. . .....:1 ?2~~ i
I. ~?9..~.~??-1? 12.:..~5.!1_... ..9. t.. q"?8?6t .. "'.... .1.:.?3.~~1
1.~?~~~7~!.~ ..~~:~?.il w •• 9-'- :.~?1~ I .. . 1 :g~?~ i
1..~~~~~_?~=?~ t._~:~~!I ~ __~J w ••• ~??.iI. ' . .. il ~~.~9.~J
\1994-08-22 14:20 II 9!I .0496:\ I ..0397:
•••• • ••• _ ~••• _ _............... •• • ............................ •• u J

1..~.2~~~?-_!?!~:~?II... .. .?J :??~.6.J l _·~?8?J
1.~~~~=.~o.=.~?_ ~~:~~!L._.. .91 :g?.!.~l.. :1 :O~53J
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I.~?~~~ 1.~~.2~_!.~:.1~J. 9·1 :~~?8J .. .. L__ ?~~.2J
h9~~=~.!=~?J.3.:~5 !1.9.t.. __ 1~.311 1.. .01~1
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11??..5.~~,~~!?.!~:?.~,jl_. n"'''' .?~I ,~!.?~~J ....,., .... ,1 .. ~~~~.~:
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11?9.?~~~-~O.~.~~!.?,iL _ ?J }~19.t .....J..:~~??J
1.~?9.?~O?~?~,J~.:.3.~.:I. __ ..-._ ?!... 1..?~81 '" t :~~?~.i
11995-05-09 16:10 II . ... 91.0761'1 I .0165!
I~i.9.i~~.~5~~~i·~~~~~~:~~!I•. ~ •.. ~...•.....~.~., 1~~~.·.·.-~.:O~3.~; I·~~... ,.. . ' :I~~·.~·~. ·~~.~s..~1
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1_~_9?.~-~~~g_~.!,?~.3~J ~I __ :!3~4L __ J._ '~~~.J
I!9~.5=?~=~4 ..~.6.:.~oJ. . 9!1 .._ __ .:02~ II.... . ;I,....,:g~~~J

1}???=?~o~~.~..~.?:o~~J.. 0' 9J. __ :1.~~?J..... .....1 ?~s..~:
I.!???=?~=~~ ...~?: ~.?:I... ..?J _:~~??J._. ... 11..:~~j
1!???'.=?7=.?? l~.:?g.l.. " ?1 :O's.9.?L _ J ..?2~.1.;
11995-07-1714:00:1 9'1. .1115 1.. !1·0323;
l!i~~~?8;~~~~~;·~~.J~· ••·.·-·.' ?r'..'•..O~2·?1 ..·m' •... ,- ·l-H~·'_' ~·~~~o2~.1

11~~5~~~=~9t.~:3?:L __._.._.?J.. H.,••• ·.~~~2..I.._.. 'l'd'd~?27?i
1~?~.?=.~~=.~?..1.~~?~ 'L _' ~J 1_. .. o.~~~.. !1_. .........I _·?~.~?]
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NITRO-
GEN,AM- NITRO-

! MONIA +, GEN, PHOS-
i ORGANIC' N02+N03; PHORUS

TOTAL TOTAL i TOTAL
, (MG/L (MG/L (MG/L

SAMPLE i MEDIUM AS N) AS N) AS P) I
DATETIME : CODE (00625) (00630) (00665)

Il·995~i..l~2..1··i·4;(;5·f· .. '9',1 .. ·..:()S6·1 ' r·.·0254!
1..1995~·12-·14·14;1·o·f "91"'''' ".0874"'" -- ',' ·--.. ··.()1~·2 .
1·!.996~oi=·12.~·3;40l.' .__,il~ ..·.....·.·§8~il·· _.._ ,;1 ... _._:O..!~J
11996-01-1615:50,1 9,1 •. .21 '\ . :1 .0314 i

11.9~.~~O~;.~~>~..;2.gl._.__.~j~·.1.o.27J .'d"_".:1 .0179:
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7 of 10 Sl/?1/01 11·11 PM



USGS 10336580 UPPER TRUCKEE R AT S UPPER TRUCKEE RD NlRllttilV\\iiR:SL{5~.~541~?qw_ ...mJ_table&site_no=10336580&agency_cd=USGS
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11997-05-1517:001/ 9;1 .12141 ,I .0195!
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11-997-05'~3'O'14~00 1'''.. .. 91" -.~ .. :066911 .1... .032 i

U~~_?=i~~?~~.~~~:~~o.r i..:L·._.~· .._·.o.~~i I ..~ ." '.~ ._l..__:.~~!?-~_i
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NITRO- :
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: TOTAL TOTAL: TOTAL:
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SAMPLE i MEDIUM i AS N) AS N) AS P) I
DATETIME : CODE : (00625) (00630): (00665) I

1~~~?~~.~~~~L~'~~>~i L-~.:·._~~···.~:~ :~~,i I' -. _......-~O?·~4~ I.··.~ .~_ :"~:-' '. :[~ .•~~.•;~~i'i
tl9.9.?-O?~~~.t.~~~?il _,..__ ..?il " :??~? t, _ ;1., :?~~?.1
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1t.~??~~.?=~!.1~:~?'1~'[== ..:?~..1~1 . ....,J :?~,~.~.i
t~~~!-I.~=2?~3:.~5.i1 ?,I . ,,.???t ....... ,,,. il , Y~.?~ I
1..t._~2.7~..I_~~}.~J~:00 II. , ?!I ._0~43 Ii.. . 'I , ?~.t.9.1
11998-01-1613:00J . . 9:1 .1994:1 :1 "...03!
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1!2??-.~I.~.~~13.:~O.:l.. ?I.. .. .~0778J1 I '~~.~_~.:
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11?~9.-.0~-=~1 1~:4.0!1 .. 91.. ... :~779.1 __ .. I .0185:
11..~9~~~~~~712~~~'1. ..?I. _:.!~251. . 1--,=--,0---,-,,14,--4

1
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1'1?~9=~6~i4 1~~~s.~.JI. '91 .... ~~~i~r' .n r .0202 !

'~99~=9?=~1!~:1?iL, .....n.91 H,O~~~l. .. HnJ .0192 i
1.~..??9-~7_=g.?~ 3:201. .?II.... :s ..04.1 I .n .... ·g~5'
11999-=~~.-1914:~?:1 91 ..0479 1 'I
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Data Category: Geographic Area:

~ C===.J I=:===.JD

Water Quality Samples for California
USGS 103366092 UPPER TRUCKEE RAT HWY 50 ABOVE MEYERS CA

Available data for this site JD

Output formats
i _

El Dorado County, California ; 1.~~.r~~~te!.~r'?~J? dC3..~C3.~~.'::l':l:l~'X .., m

Hydrologic Unit Code 16050101 i II~~~n..~.?9/'?!.a~~i/~..b._'~...~~~e.~=9.~.~~i!y_~.~!a_. ow " ..,j
Latitude 38°50'55", Longitude 120°01 '34" NAD27 : II~.~.:.~.~~!l..~!..~a.!:.~-gua..Ii.tY:.~a.t~ ...~i~~..:~t~i.:~a._I ....,j
Drainage area 34.28 square miles !ITab-separated ASCII file. serial order r
Gage datum 6,310 feet above sea level NGVD29 ! 0 • • • • .

! 1:!:C3..b.=.s.eparat~d.~'§'C::I.I f~~.~ ~.~id~ ..?Ede..~ _.

i IReselect output format
I ••. .. - ...

: NITRO- ,
i GEN,AM- NITRO-, I IRON,
I MONIA + GEN,' i PHOS- I TOTAL SEDI-

, I

,ORGANIC N02+N03' PHORUS II' RECOV-, MENT,
I TOTAL TOTAL! TOTAL ERABLE: SUS- I

! . (MG/L (MG/L (MG/L II (UG/L i PENDED!
SAMPLE 1 MEDIUM: AS N) AS N) AS P) AS FE) , (MG/L) ,

DATETIME I CODE ' (00625) • (00630) (00665)! (01045) , (80154) :

1.'X~~~~~~~2.~•.~Oj.~~.~ollo-, •.•__~ .._•.••••• ,.,.~. i1.•.••'•.•_.•~~:.••....•. '.-j IO.·_·· •.~:~'_ .•.•••·•••·._•.II.~·__......•...~ ....·.••.il·.:_.~.~ _... _......·.:I.._.. ~.~:•.~:.~..l
1.~_?~?.=~~.=?~.~.4 :4~11..n _ ~.: 1_.......:.~~.~.?.II..... .:?l?o~.: I...·~.~?~J I ~~~:~ iI ~:~j
1.~~~~=~.~-=~~.~~.:~giL._.... ?il _._ :!~~.~JL _ _ II :.~~~.~.It l~?:~.il _ ?:9.J
I.: ~?O-02_~.?~.l,~:.~?!1 .. ?l L:?~~5 JI :I.:~.1.?~ !1_..l.~4·.~.I.n.. .3:.1

11.?~?=.?.3.=2.1. 1?4?:I 9il ~51.?!1 t ?~~..~JI _~~~.:1" 4:~ I

I.~!~=.~~=.~~ 1~.:!.~.L _. __ .9.I '0'" :~~ !.~J ,.:1. .0~97JI_o._ 33.~...J ~3:-'
I! 9.?~~g~:.~?....~~:.~.~II._. 91 ,... ..1 ~?!.l_ w .......iI. .. ".. :.~~~.!.II.....~??·2.1.. .16: i

1.~.?~~=~?w=~.~~~.:~~.JI.d .._w..9.1 1..?~ ~il....... .. ..'1 :?~~ ..~JI. ..~~~:~._·I .., ~::
11?,~~. __~?~!~1~:~_~.iI._.. 9.'1. d' ••• :13~~i1.. ,/ d .. ••0181!1.~g~:~.1 8.1 !

1~??~-_~?~3~ 16:~?1'h ?t 'h.. ·~l2.~tJH' .._...JI. ....1.~~·.~.t...._ 3:5.i
1~???=.~...?~9..? ..~.?:~~.t. 91 .157J 1..·030?"._...... ~.~.~:1 ..... _.~~~.[
l.l?~~~?6~.1 ~.1.?:~5 :1 9 ,I :~?61 I .0193 !11.09·~_1 4. ;
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l_l~.~o..~o.7~~ !.~.~~g .; ,.. .•..... .._.~: I" '.' '.••• ' .. ;>282 ".1. ...: ".I.
m

.........:o.~i..:I: : :..•:::~~.: 51~:~ :'.' 4.2
1!.?~0-08-14 07:20;1 .. ..9.t .... .1~3.3.·I. 'I .....?~21:1 __ .25~·~:1. l.~J
119?.o..~i 0-24~ ~~:5gJ"-· 91 .. :?9!51. 1.. _·0~25L .. 33.~:~ 'I IJ
It.~.~o.-.l.l.=~.~_~l.:o.~iI. 91 ?6~?: 'I........ ..1... 01.1611 22 t.·~.1 1. '
IJ?91=01-2310:50 II. . 9,1 .0555 jl. ..1. . ,·~~6..~:I.... I._ ~.~:;

IJ~ii-?j:~~Oil~:~~?II~.-~~~.~~~·~· .. ~_.~!I .. :~··"~··~~~~J... ... '[ :o.~g~JL._ :I.. ?~:
It..~~ t...-?~=.o..~_t.?:~o.JI "".. ...9. t.·?69.~rL..,..... ..1 ·0.1.:7.1[.. J....~8:;
1.~.~.l.=~.~.:.O's. l:.:~_OJI... ..9..,/ :~?~1.11 1. ..:?t.~4;.1 _ ~I __ ~:.~
[~.~9.1=.O'~~.~.? l~:~? '/ _, ~;1. _.. J3~? :C--=-I :o..~.?!J 1... _._ ~.:.i
1...1..?9..t..-o.~.=~ ..1.. t..!..:~o. t....u?,iI. :!.~~.~JI.. _.... .. .....J. .?l.~ 1..1L.. ."_."". L _~:.!
t~~~!..=..O~-?~J O~O.ot ?il..... .._..:~.!! ~JL_._ _..__J. ~o.~~.?.!l _. J ~?:.:
I.!991 =??_-..~.?_~.?~..~?JI __ .. 9..'I J!..~3.JI_ J ~.. _:o.~JL. __ .._ ~I__ .''''', ~: i
1~?~..l=~?=.~ ..?..~ ..l_:~gJ w ?'I _ ~~~~J.... . J :g5~?JI. .. J 78.I

1..1??!~?5:2!.lJ:,,~~;I .. m. 9./ 1,,1~.lil. 'I. ....,O~~~ 11._.. J ~.~:

1.1??~=.?~.-~2 ~~:~?il ...... o<.o< ••?t.. ..:~~.!~!I. . ".d Jd' o.~?~.iLO<"'''dml." ~~:'
I~,,~~.~~?s.~~~ ~?:~s.II.. ...?iJ _8??~;1 1 :~5o.?JI <_1 <.~5.8..:.:
t!..~~l =?S..=?..~ ~?.:.~.?il. ..?,,:/.. _ :..!..~o.s,J ,, __ .iI ". :?~! 11..... I__._ ~:j
I.~?.~ -??=O'~.. t..~:o..?II _..~JI 2J~?:I < •••• _..... •.•• •••• ·?.~~z.JL L _.~3. :

1.t..9..~!.~..O.~~o.~.~?~~J1._ _?il :2~~_1_. _.. . _..g~~.~.!I '" _ __'I __ ~~. !

1.~.~~.!~06-1!.. !~_:..o.o..il ?JI_._.d.1SZ.6:1 0~~JL _J__ _t..~.:.;
1.~_~~=.?~~~.~_~..o~??.:I _..2..ilm .. __ ..:2g3?1... ._ _j _ ·?~~JI._ .._ _ L.__ _~~.!
1~??2~~?=.1?!.? ..:.~~IL.._ _?!I_ l~?.t .. .. ...:1 :~~!~.!I __ __ .1_ __._?..'J
\1991-07-0210:4511 9:1 .0985:1 .1 .0229 11 :1 7.1_.._'' _ _ " , ... _....... ..., "" d...... ." d ,,'" .."d......... .. d _J

t~ ..~~.1..-?7 ~~~ ..1..L?g.II... ..~.J ........:?~8?J... .._J....:?~~~II.. . :1. ............1..: I
1~?..?.1..~.?..~.~.?~ .0.2.:.0.0.11...... .. 9.1_.. ..:..!.?~.1......._ L :.?~~~JI.d ..J... .. ~:.!
IJ.~9~ ~o.8.-27J?~??!I ~J __ :.??~~J ",,'" J ·O'~s.9il.............. :1... . !.:J
1~??..t=~~~.~ ..0~.~5.:1 " ...~A 0..80.2 .:1 .. . t_ :?2..?~.!I.. .. " .'1 .. . _~.:
I.~..~?~~~. 0=J_6~~ :.~?l __ .. ",,"?_l. "._d:!_~~~ il. I _.:.?!.~..~..IL~._ __ .:1........ ..U
1_1_991-11-0711:3011 9il .1291 '1 .016 1/ ;1 :Sl.!

1.1.9?~~~~~~;i?j~~~~~II".. ·_·"··--~·ii[ .~...~ ·•..~.?~_21." ..... ~ .. "~ ---1/.... ··..····" .O'~l·~J[ ... ·~.·.......~ ..:-il~ '.' ·.·....~...1. ..1

!1992-01-22 09:4St 91 .1 022i l 1 . ,0107:1 .. :1 3.;

1-19?~=~~-..i~J~?:.o.o:'I.. .~ 91 . .~~~Jl .'..·.·:I·..... :o~.~~f·· .... "·1'" w .,. 1.

11992-02-21 10:30 :1 91 .0913 :/ I .0109 'I :1 2.
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. _. . . .... '. ... ... .. . . . .__~-,- . ";.-''---"~-'" ;"":'-'-"'---'--..::...:.:..1

119?~~03~.1.~_~~:g~.:I 91.. ......076~ J..1..__ .~l09.JI;.=. ;;:...;..-",,--,-,-I 1.

1199~.=o.~ __25 10:45 :1 ..91.__ ...:.~.o.?~.1. t.. ..~~09.'II. ..t:·
11~9~ __~4.=§lXoj?JI.~·· ..?il.. .~43.3.J II ....:?09.~:I··· :1 3 .•

1.~?~~.__O'~.__.0_6 1.~:~?:t.. .....9 :1 :1~22.1. ,I :O~l.?i1. . 1 ?•
1.1992~?~~~.~!.~.:.!0 t.. . ?I. :~~5?8J t :?31.!:1 .. ..1 16.

NITRO-
GEN,AM- NITRO- : IRON,
MONIA + GEN,. PHOS- i TOTAL' SEDI- ,

, ,
: ORGANIC N02+N03' PHORUS i RECOV- MENT,'

TOTAL TOTAL TOTAL! ERABLE. SUS-
! (MGIL f (MG/L (MGIL i (UG/L PENDED

. SAMPLE i MEDIUM: AS N) AS N) AS P) l AS FE) (MGIL).
DATETIME ; CODE i (00625) (OO~~~L.._(O~~~?L.J. (01..~~?) .. ~8~~..~~) i

l~??_z,;?~~?"~:~:j..~i[ ~.. ~::':'.': __:.~.? t' '.~.':'. ~·i?§8) [....... ...: 1..__ :~.?9 .11..... .. _.: I. _ ?!:.i
1.~.9..9..~.~o.4.~~.!.!.~.:.lo.!L ~.;I :!??~..iL J. '" ·?}~.~J .._ ;I ~.:i
1.~9?~=.?~=~~ ~~:~? ]1 .2.11. ..·~?~?;I :1 ?1~5J :I....3.:i
1!??~ __.0~=27 15:30 il 9'I .2056III .0088:1 :1 3.;_............ . J " . .., •.. . _ .

1.~?~?=04=~~.~.! :30L...._ .?!I _ ~~.1.S.J1 HI :?~?~.i1_... .....1. .. 7. i
119?~-?~ __~4...t?:?o.!l. . .. ?:L... ...1562j.......... I o.~?? :1 J .. -.-. .. ~.:..:
1.~.~~~~O'~=95 !_4:~.~.t... ..~J .... .m .. • 149.::1.. ... 1.. ·o.~~.~.il __.._..J _..._...~:J
I.!.??~~o.~=~,~_! ~:J~:I .. n ••••• ? il......:.1~~~t :1 :.~~?~:I. .. ....1 __.... ~.::
1.~.~,?~~~5~~~1.3.:.~.~.; L......... ..?!I ,.:1 ~??J ' 1.. .,:.~l?~.t.... ...........1.... ..~:l

1;~~:~;~~-;il-~~~~~~~l_~·~i~~:1 ..~,' _,_ .. :l-~:O~~J_ ~-"~'L '. ,.-;:1
1!~~~=~~:.~?1.5:.??11 ?!1 _ ~!..~~1I ..oo , •••• 1. _-'~~?3JI .. oo••.•• il ........~.:.l
11.~9~ __O..7~~6 _?~~.??_iL _ ~.il ,.:~~?.? L _1 :Ol~~.JL t n.~· i
1..~~~2.=?!-:t..~.1~.:t.? il... 9jl.. ,.m :???~.:C.n' ••.•• , II . .:~.4~~JL............ ..J..... ??..:!
l..l~?~.~??~~2 14:50 it 9!\.1175J ... L·0329 11 . . ' ..' :1 2. [
1.:..~~~.~~~~~..~.~!.3;i(;i L.":::.~'::. "."~j [.-.~_ : :'~~~i~I:..:..~ : :: I._~.·_· ~i?~.J I~ •..·_:. ~ ~._~:.-'! I:.:" :: ··i:.:;

1.19?~.-~?:g.~.2.~ :~.?JI ?.1. . :_1..~~81.... . ..'1 _:O~.?~JI.. .. ..'1........... 4:.1

1.~..~92-_1_O'=~3JO:~?J1.. . ...~ :1 .Ill~1 J.. .. .01 ?~.:I....... ..1... 2. i

IJ?~2-1.!,=~.~ ..l.~.:?giL 9..1 :o~5!1.. . I :?~.?~,il... J 6.:
11?9.~ __ !~_=1?~.?:~o.JI.n... .. ...?J. ... :???2J . I·.??~?il.. 1. ~1.
11?93~0~'1?!~:~0 II 9:J :O??~ :1 :1. .015 :1 1. ~ 1.
r
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11993-03-0214:15:1 91 .062 1 1 .0182:11 2.
[~:?·i3~o.3~.1 ..1~t.3::·3~J." h~t .1'023.1... t ~O:i14il.... .'f· ... 2.
1 I I I I I :11?2~~03-~!~.~:?gL.. ... ~:.~65.~? . ~~~~i.. 85.;

i~~;;~~:~ijt~il:=_:=_;l. .-;;~a ••.···.··1 n~~;i~::l: nj:n~;;1
1~9~.~-~3~3.~ __~~.~~?l. _. ,9'1 .ll?5:1...__ ..O~~.!1..1 3:
1!..~?!_-O~-13_~.~~3._~il :1 :13~11 'I ..012111... I 1.

1.~??~~~~-~ ..~.~~.:.~~_:l.....91. ...:1?!~ ,I. I.. .~249JL... 1.. . ~~;
1.~~.~~:~4=~_~ .. ~_~:3.?11 _ ~;I_ :?~~_s.J.. 1 02~?:I._. J 9.,

11993-05-1313:0011 9i1 ..1816:1 ...J ..0365 11 ,<1.23.:
112~~~~~;i~Xi:.4~J [.~~_ '.'.. ~ _~. iI.. ~n ••••":.~••~.~.3.,1~ •.~'•• '.. '".' 'I.......__:~~~Li[ _~. ~.~~...... •• I.·.-•...··. -- ..3..~':.:
1..t.?~~.~.o.~~~.?J~:_o.~JL_ _.?J :~oo..11_._._ 1.. :0.3.1 1jL __..j _.__ ~~~j
lJ 9~3.~_O_6-~1 !5:~~JL ..__ 9J. . .. 1.~8?L... H' ......1 o~l_?!I. .1. _3~:
I..~_??~-.~~~.~.O t.~:.3.0jL _ ?J __ ~~~I.. !I ?~~.~il ...I.... ..8..;

h??3=?~_-.~5_~~.~1511 __ _ ?:I 13?~,1.... .... J :??"~.8.il _ __ .:1. .1.?~:
1~~?3.~O'?~.~ ..~._1!..~~~!I ?1.. .08?~JL , . '.. ..1 ,"·g~~?iI._ .. d .. ",.I __ ,,1~:;
1~ __~?~~.??-.~? ..~,,~:?o!L..._d.u.,.?l '.. ..~43~lu ,...._t :~~~~..t, ,., .. J._ _..,6~j
I.~,~?~~~?~.~! ~.1:.?9.il._'''d' .9:C. :09~~r~=~-r~~iL _Jt __ ~· .i

IJ?..?.~~?8.-0'~.~,!:10J 9jl..·29?5.. !I. __ . ..1 ...~~~81. . 1.u 2..
11_~93=~8-~~.1,2:4~jL u._d ....~t _._ ....·.1..~~5L._ .... .I. ·02~~11. ...J __ 3...

1

L~?93_~g~~?!0:~~ il _. 91 n ••~7?~.l.. .1 ..?!..~?J ~.J ~L,;
I.l~~~,=_~,?-~~ ~.~:~.?J, .,.. .,?J.., :?~~~.J_ ..J........~?~~~.11 .. " ,.J. . ~.:.!
1~2~~.~}!.~~ ?}.3:.~2i I. ...... .. ..~JI.. u • ••• :O.~61.: I..... .. _, .... .. :I ..·gl~? .! /....... ., ......iI. ... _. ..}'..:
l.l.~?~..=..~.~=.~~~~:3?iL. .. 9A ~~~~J. l .. .'~~ ~~ :1...... .. nil." ~1.!
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11??~~o.~~O~~.~ ..:.~ot. .9 'I .. 1?,1?.1 u ••• __ ._••J ~1 ~ 1iL.. . 'I ~.:
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I~??~~~.~~.?~.! ~~45.!1 ~J.. _ :1o.!.~.l... .. J ?!.?~ II I _~:.~
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GEN,AM-
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ORGANIC

NITRO- IRON,
GEN, PHOS- TOTAL SEDI-
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TOTAL TOTAL TOTAL ERABLE' SUS-
(MG/L (MG/L (MG/L (UG/L! PENDED,

SAMPLE : MEDIUM. AS N) AS N) AS P) I AS FE) (MG/L) i
DATETIME ; CODE (00625) (00630), (00665) I (01045) (80154) i
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l.l.?9?~07~1?J3:?~iL .91 .08971 J ~O.~~~l ...I ...._.~.~·
'1995-08-02 12:30II?I .- ..'0755'" J:~.2261 I .._3~.

I;:~~~~~~i~~~:;~'l:t__~:~~L. ._L:~;:~}.__ ·.1. ._~~:
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'later Quality Samples forn~lifOrhiaiSample Data
"

http://water.usgs.gov/ca/nwis/qwdata?qw_...ml_table&site_no= 1033661 O&agency_cd=USGS

Data Category: Geographic Area:

~ C====.J r=====J D

Water Quality Samples for California
USGS 10336610 UPPER TRUCKEE RIVER AT SOUTH LAKE TAHOE CALIF

,
I Output formats,
I
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. (STAND-I SOLVED SOLVED TOTAL: SOLVED I TOTAL
ARD (MG/L (MG/L (MGIL! (MG/L (MG/L
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Colifonn tests for Meiss Meadows
1991 -grm,g-1IioInon
1992-II) tesI5

1993- gIlIZing - violation

'994-.~ QlIZir9-II) vioI8tion

'995-:-11) QflIZirG-II) vioIIticn
1996-grBZing-violation .

1997 - gIlIZing -lIiaIaticln
1998-II) tesis .
1999- grBZing - vioI8tion

If \iolalions conlinue. the nc~1

SIqI for LIIhonWl "'ould be 10 i,­
..... case-and-dcsi51 order.
..lIich .."OU1d likel)' require lhe
Foml 5cnice to loJ.. lhe ~anle

•....).. Afur dIaI.lili,alion from
the Califomia AllOme)' General',
orrlce could be possible.

"They are required 10 Ii,. up 10
Slate SWIdanIs.- Wankn said.

II iSn'1 Lahontln', inlention. '
Warden >aid. 10 ~~le • """"'inti
.ffea- ·herc in the Sie= :
H_ the .,~. has 10 en-
fon:'C irs lUl"'-

"We'", IllII going 10 be aet;'·.ly
lI')'ing to c:hed; them OUl. but if "'e
have. compIainlliom an iadi\id­
uaI. ... ha\'C 10 re5pOllll. And if
lim• viola/ions, lO·t RI.1\' h.1\·t
10 fOltC !hem to w.e the~,
.....y; Wankn said. -I'm nOl53)"
ins dominoes Ole loinllO r.1I all
O\'U die Sim;a, \lUI ir thc>. do rall
IObeiL

'Tahoe "'1tcrs and eaSlern Sicr­
1lI ..'lIm m pristinc.- heII~
""\\'e ~;Mlt 10 p~scn'e lh3t-

Da\'C RobeIts.lSsi........ccu·
th'C di..aorof the lza,ue 10 5.1\'•
La1e Tahoe, .aid the "\abor·inlcn­
live, -'-inIellSi\'t procedure- un­
der ....y 10 by III a.eep gruinr in
the 1Ill'Idovo.. ;on'I"vnh the .r·
fon. And C\'tlI if the Foml Set·
\'i« finds .....y lD m«l the fcca'
coliform SWldanIs. dill doesn't
addre5s ClIher issues. IUCh ~,d:lm­

aging population, orLahonL1ll
cuuhroaI UOUI in Ihe ri\....

dial', aanins to be enfon:ed. dial
..'C've Fl. pnlbkm.- 5&id Pal
BIackIocl;. cIil'CClIlI'or ldmini5Ua­
lion and policy Ifflin for the Cali­
fomi:l Canlanan', As5OCiatioD.

In the case or the Meiu penni.
_they lI1IlISpOft Iheit canJe to
the Sima evay _ ..'hal
forage II\IIl!riaI~ Ka/tlt ia
the fOOlhiIls. II', • IIIOI'C r.-w·
I)' prudo:nt ....y lD a.eep Iheit busi­
ncu afIoa ..'haI1heit randl ai­
lady is 5lImIlIIIdcd by cIe\'Clop­
meaL TakiftB ."11)' Ihe paDDJ
opportuairia II Meiu could fon:'C
lhem lD lose Iheirbusi-.
Many californiar-'a do lhe
same: lIUSplI'Iios rhdrCIIlIe lD
the Siemi durins Ihe IUnvner.

Sellinslhcir fIIlChcs 10 devel­
opers may be !heironly opcion.
Domino effec:tf..red

1':01 ••11)' doe5 die c.nJeman'.
Asoocialion IlOl ""/11II dIIIlD hap­
pen lD Ihe Mei.. permitees, it
doesn't WIIIl thallD be the c:ase
e1_1>eIe in Ihe Siem.""".'n: all ..urtms rosemcr­
..ukin, with LahonImI. .....n.;IlJ
..i!h the Foml Ser\ic'C; BIKt·
lad SilicI. "We'", Fin. lD II')' to
fiad II 5OIU1ion thai wocb.-

WIlIIlcn 5&id '"cIta5tic cbIn...­
1ft ntedcd.

-We'", talking to the Forat
Ser\ic'C. Tbe)"", png lD hawe lD
~ 50IIlC n:ally drastic dian...
in lhe .....y they cia dlinp. or
theY'", JOina to ba\'C to like the
C'CWt'l ......,.-

Regulatiolis<-maYforcecattle out
~-~ .r_....

I
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Tahoe and in many oth.r
place•.

.. Mother Nature spent thou·
sands of ycars setting up this
filtrarion system,," Boyd said.
• Mon ha' learned Ihe con.e·
quenccs of incursions into
areas like this. We're in &l ~al

face with the impacts of devel·
opment,-

r.Sloralion plan wa' Slall.d land planlS, had been remo"ed
wh.n hydrocarbon pollution al Ihe Slart of Ih. projecl, kepr
was discovered. The new pro- watered and then wetc replant·
ject - pari of a $908 million .d. Grassy sod eultivared at the
straregy 10 &BV. Lak. Tahoe Nevada Division of Forestry's
highlighted by Presid.nl .eed farm ar Washoe lake was
Clinton in 1997 - didn'r Slart laid on pam of the m.adow
until last spring. floor. Sct'd was scatttred clse~

Th. eHorl ha' been painsrak- where.
ing, wilh wOlkers ....nrially "This should look r.ally cool
cloning a marshy meadow at in the spring when it starts com­
Ih. diSlurbed 4-acr. site, ing up,' Kym Kelley, an erosion
Contaminated din was dug up control subconrrattor working
and hauled away by lome on the project, SOlid as sod was
2,000 trip. of dump trucks, press.d inlo place Friday.

A nalural eours. for Snow Indeed, il will be a couple of
Creek was CUI, allowing for pe- years before nalur. rak.s full
riodic flooding of the: meadow control of improvements hu­
during periods of high runoff. man. starl.d Ihi' .ummer al
A new pond was dug in a dif- Snow Cr.ek. But Robinson is
ferenr localion '0 neighboring confid.nl Ihe projecl will prove
residents could conrjnuc a win· to be one of Lake Tahoc·s im·
t~rtime tradition of icc Iksting port~nt environmental success
without interfering with the stories.
nalural sysrem. "We can't do rhings a' well a.

On Friday, workers were rc" nature," Robinson said.
turning vegetation to the mead~. ·Whnt lYe try to do is point
ow. Some of che vegetation, in.. them in the right direction.
c:luding willows and other wet.. Then we let nature take over. ft

".ps possible if the eonrinu.d
Joss of Tahoe'l clarity is to bt
reversed.

Jim Bord, chief of staff for
the Ca ifotnia RrsDurcC'5
Agency, recently toured the
Snow Creek project wilh fel·
low officials, He .aid efforts
like the one there and at Cove
EaSt will prove critical at lake

RENO GAZETTE.JOURNAlJRGJ.COM SUNDAY, OCTOBER 15. 2000

wilh homes and parking lors.
SnoW Creek offers a fairly

typical nory. Some of lb.
meadow was grad.d decade.
ago, possibly 10 make way for a
development that never oc·
cutred, In Ihe early 1960.,
crews working on a highway
projecI h.gan dumping fill dirl
in the meadow, much of it can·
urninated with petroleum
products used at the time to
scule dun.

6Robinson lells of one work­
er wbo dumped dirt at the
meadow from an old service'
station site. It was so thick with
gOlsolinc "you could light it
with 3 match. n

Mounds of fill dirt as much
as 5 feel de.p aller.d Ihe mean'
dering eours. of Snow Creek, A
large pond formed and Ihe
mcadow's ability to filter scdi·
mcnt was lost. A natural "stet
had become an cn~ironmcnta'

liabililY·
California acquired tht

meadow in 1987 and an initial

Planning Agency. "Werlands
pJ;1y 3 trinal role. "

Loss of Tahoc's wetlands to
devdopment proved to be one
of the mosl environmcnrally
damaJting mistakes ever made.
said Rochell. Nason of the
league ro Savc lake Tahoe.
Restoring what can be saved is
thus one of the most important

From 1A

Conservationists and land­
use regulator, agree wetland
restoration ranks as one of the
most important steps possible
ro save an endang.red Ltke
Tahoe.

.... We really need to restore :is
many of the wetlands as we
can," said luan Palma~ the new
director or the Tahoe Regional

Wetlands arr among natute's
mOst producti~e ecosystems.
They are critical habitat for
hundred, of speci.s of wildlife.
They also serve as a natural fil­
ter for runoff - a characteristic
particularly important at lake
Tahoe, where sediment is fuel­
ing alga. growlh Ihal is rob­
bing the lake's famed clarity at
an average rare of more than a
fuot each year.

Wetlands arc also in trouble,
with more rhan half of the 220
rnillion·plus acres that once ex·
isted across the counuy
drained, fill.d-in and deyel·
op.d, mosdy since Ih. 1970s.
N.vada has 1051 52 percenl of
irs w~tJand5 and the situation is
even morc critiul in Californi3,
where the Environmental Pro­
ttcrion Agency estimates 91
percent arc gone. In the Tahoe
Basin alone, 75 percent of the
marshes and 50 percent of the
meadows have been covered

R.Rodtf~ .... Ga......JourtIill

Robinson said. "II juS! blasts
.ediments righl Ihrough ro Ihe
lake."

The project, originally set for
Ihi. .umm.r bUI delayed one
year, will inyolve Ih. removal of
,orne 7,000 truckloads of fill
dirl and careful manipulalion of
the land to testore it as a natural
werland area. Ullimalely, Ih.
final streIch of rhe Upper
Truckee Riy.r ilstlf will be re­
constructed into a meandering
course rhrough the werland area
targeled for work n.lIt summer.

Cove East, which involves
work on land abulling Ihe mote
of Lak. Tahoe, could also pro"
trickier than similar dfons at
Snow Creek and in other waler-
.heds. .

"Here We have Ih. opportuni.
ty to make mistakes and it won't
impact the lake~· Robinson
said. "Cove East is right on me
lake,"

Move over, Snow Creek. Get
readYI Cove East.

.The 54.2 million restoration
project nearing completion on
Lake Tahoe', north shore sets
the stage for a similar projca ­
on(' on a much Jarger scale ­
planned for next summer on the
other side of Ihe lake.

"This is 'ort of a small-scale
Cov. East; Ihe California
Tahoe Conservancy's Richard
Robinson said during a rcet:nt
'our of Ihe Snow Creek wedand
restoration proicc~ the largest
such effort eYer undertaken on
the norrh shore.

Similar projects havt occurred
around the lake al differenl wa­
ler.hed. .uch a. Cold Creek,
Angora Cr••k and Troul Creek,
AII are d.signed to restore im­
porlanr eC~'rst.msdamaged by
human actiVity.

And all pale in comparison ro
what's planned next 5umm« at
Cov,; East ncar Ih. moulh of Ihe
Upper Truck.. River, Lake
Taho." largosl trihurary.

Al a COSl of some $10.5 mil­
lion, the conservancy plans to
restore 23 aC:res of wetlands
covered over during construc­
tion of th.e Tahoe Keys subdiyi~

sion in Ihe lat. 1950s. The
largest wNland in the Sierra
Nevada was critically damaged,
s[Tangling the Upper Truckee',
natural filtering system lot wa·
terborne sediment.

"We call it a shotgun~-

By "eff DeLong
REND GAZHIl'.·JOUMNAI,

Larger wetlands project is set for south Tahoe
TahoelWetland work aims to help nature
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HISTORICAL ATMOSPHERIC DEPOSITION ...LAKE TAHOE, CALIFORNhttp://208.232.233.202/santafe99/abstracts/CS63FR0345S.html

Heyvaert, A. Coo University of California-Davis, acheyvaert@ucdavis.edu
Reuter, J. Coo University of California-Davis, jereuter@ucdavis.edu
Slatton, D. G.. University of California-Davis, dgslotton@ucdavis.edu
Goldman, C. R.. University of California-Davis, crgoldman@ucdavis.edu

HISTORICAL ATMOSPHERIC DEPOSITION OF LEAD AND MERCURY RECONSTRUCTED FROM SEDIMENT
CORES OF LAKE TAHOE. CALIFORNIA AND NEVADA.

Substantial trace metal enrichment of modern sediments at Lake Tahoe is attributed to atmospheric deposition,
since there are no known direct industrial discharges within the watershed. Before 1850 sediment concentrations
of Pb and Hg were similar to bedrock concentrations, indicating that preindustrial contributions came primarily from
erosion of local soils. Above these baseline values, however, surface sediment concentrations have increased
six-fold for Pb (average 83 ppm) and five-fold for Hg (average 0.191 ppm). Notably, while Pb concentrations have
stabilized or decreased in recent sediments, the Hg concentrations have continued to increase. At Lake Tahoe the
watershed to lake surface ratio is only 1.6. Therefore, sediment accumulation rates for Pb and Hg in excess of
their baseline fluxes are interpreted directly as atmospheric deposition rates: apprOXimately 14 mg Pb and 36 ug
Hg per square meter annually. The ratios of total modern flux to preindustrial flux are 25 for Pb and 21 for Hg.
While the Pb flux ratio is somewhat higher than reported from the eastern US and Canada, it is not atypical. The
Hg flux ratio, however, is much higher than observed in most other natural aquatic systems without direct
contamination. .

Day: Friday, Feb. 5
Time: 03:45 - 04:00pm
Location: Sweeney Center
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California's Central Valley is a highly agricultural area with large amounts of pesticides used on
various crops each year. Significant quantities of these chemicals are released to the atmosphere
above the field through a process called volatilization. The Sierra Nevada Mountain range is
located to the east of the Central Valley and air masses that travel across the valley are transported
into the mountain range where precipitation can deposit pesticide residues into the ecosystem of
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Deteriorating environmental quality has stimulated interest in the Sierra Nevada
Mountains as a sink for airborne pollution from human activity in California's valleys and
coastal metropolitan areas (Figure 1). Drost and Fellers have raised the hypothesis that a
connection exists between deposited pesticide residues and the'decline of populations of
certain amphibians in the Sierra Nevada mountains.
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of pesticides transported from California's Central Valley to the Sierra Nevada mountains
were investigated by collecting winter-spring precipitation (rain and snow) from Sequoia
National Park (SNP) and from the Lake Tahoe basin (McConnell et al., 1998). Pesticides
currently used in California's Central Valley were detected in snow and rain samples from
two elevations in SNP in the southern Sierras. At the lower elevation site (533m),
chlorothalonil was present at the highest levels, followed by malathion, diazinon and
chlorpyrifos. At 1920melevation, chlorothalonil was also present at the highest levels
followed by diazinon, chlorpyrifos, and malathion. Trifluralin and u- and ~-endosulfan

were also detected at both locations and at lower concentrations. In the Lake Tahoe
\ .

\
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basin, elevation 2200m, malathion was also found in snow as was diazinon, chlorpyrifos .
and chlorothalonil. Lake Tahoe Basin snow samples were, in general, lower in
concentration than those from SNP. This difference in concentration levels reflects the
closer proximity of downwind pesticide usage to SNP than the Lake Tahoe basin. An
estimated annual loading of one chemical, chlorpyrifos, of 24-31 kg/yr, was made for the
SNP land area.

Results of this study have serious implications for wildlife in the the Sierra Nevada
mountains as this area receives all water inputs through rain and snow. While levels of
individual compounds were below limits that would cause toxic effects, the combined
effect of these chemicals with other environmental stresses, i.e. UV radiation, may have a
negative impact on sensitive species like amphibians. Further this indicates that
mountainous areas adjacent to agricultural land areas may be impacted by atmospheric
loadings of pesticides through volatilization from warm valleys followed by aerial transport
and deposition through a cold condensation process.

McConnell, L.L., LeNoir, J.S., Datta, S., Seiber, J.N. 1998. Wet deposition of current-use
pesticides in the Sierra Nevada mountain range, California, USA. Environ. Tax.
Chern.,1?: 1908-1916.
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Temperature: Degrees Celsius (0C) can be converted to degrees Fahrenheit (OF) by using the formula of = [1.8{ °C)]+32.

Degrees Fahrenheit can be converted to degrees Celsius by using the formula °C = O.556( °F-32).

Sea level: In this report, "sea level" refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929, formerly called
"Sea-Level Datum of 1929"), which is derived from a general adjustment of the first-order leveling networks of the United States
and Canada.

Abbreviated Water-Quality Units Used in this Report

Jlg/L (microgram per liter)
mg/L (milligram per liter)
mL (milliliter)
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Watersheds

ABSTRACT

The Upper Truckee River and Trout Creek watersheds, South Lake Tahoe, California and Nevada, were
studied from July to December 1996 to develop a better understanding of the relation between surface
water and ground water. Base flows at 63 streamflow sites were measured in late September 1996 in the
Upper Truckee River and Trout Creek watersheds. Most reaches of the main stem ofthe Upper Truckee
River and Trout Creek had gaining or steady flows, with one losing reach in the mid-section of each
stream.

Twenty-seven of the streamflow sites measured in the Upper Truckee River watershed were on 14
tributaries to the main stem of the Upper Truckee River. Sixteen of the 40 streamflow sites measured in the
Upper Truckee River watershed had no measurable flow. Streamflow in Upper Truckee River watershed
ranged from 0 to 11.6 cubic feet per second (ft3/s). The discharge into Lake Tahoe from the Upper Truckee

River was 11.6 ft3/s, of which, 40 percent of the flow was from ground-water discharge into the main stem,
40 percent was from tributary inflows, and the remaining 20 percent was the beginning flow. Gains from or

losses to ground water along streams ranged from a 1.4 cubic feet per second per mile (ft3/s/mi) gain to a
0.5 ft3/s/mi loss along the main stem.

Fourteen of the streamflow sites measured in the Trout Creek watershed were on eight tributaries to the
main stem of Trout Creek. Of the 23 streamflow sites measured in the Trout Creek watershed, only one site

had no flow. Flows in the Trout Creek watershed ranged from zero to 23.0 ft3/s. Discharge into Lake Tahoe

from Trout Creek was 23.0 ft3/s, of which, about 5 percent of the flow was from ground-water discharge
into the main stem, 75 percent was from tributary inflows, and the remaining 20 percent was the beginning

flow. Ground-water seepage rates ranged from a 1.4 ft3/s/mi gain to a 0.9 ft3/s/mi loss along the main stem.

Specific conductances measured during the seepage run in September 1996 increased in a downstream

direction in the main stem of the Upper Truckee River and remained relatively constant in the main stem of
Trout Creek. Water temperatures measured during the seepage run also increased in a downstream
direction in both watersheds.

Depths to ground water measured at 62 wells in the study area were used with the results of the seepage run
to produce a water-level map in the Upper Truckee River and Trout Creek watersheds. Ground-water levels
ranged from 1.3 to 69.8 feet below land surface. In the upper sections of the watersheds ground-water flow
is generally toward the main stems ofUpper Truckee River and Trout Creek, whereas in the lower sections,
ground-water flow generally parallels the two streams and flows toward Lake Tahoe. The altitude of

ground water between Lake Tahoe and Highway 50 was nearly the same as the lake-surface altitude from
July to November 1996. This suggests ground-water discharge beneath the Upper Truckee River and Trout
Creek drainages directly to Lake Tahoe was minimal and that much of the ground-water discharge was to
the channels of the Upper Truckee River and Trout Creek upstreamfrom Highway 50. Hydraulic gradients
ranged from near zero to 1,400 feet per mile.
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Samples were collected at six surface-water-quality and eight ground-water-quality sites from July through
mid-December 1996. Specific conductance of the ground-water-quality sites was higher than that of the
surface-water-quality sites. Water temperature and pH median values were similar between
ground-water-quality and surface-water-quality sites but ground water had greater variation in pH and
surface water had greater variation in water temperature. Ground-water nutrient concentrations were
generally higher than those in streams except for bioreactive iron.
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Watersheds

INTRODUCTION.

Lake Tahoe is an outstanding natural resource and is known for its deep, clear water (fi&....l). Protection of
this renowned clarity has become important in the past half century, as clarity has been decreasing by about
1 ft each year (Goldman and others, 1986), mainly due to human activities.

Increased nutrient concentrations within Lake Tahoe are considered the leading cause of algal growth and
loss of clarity in the lake. Within the Lake Tahoe Basin, both surface- and ground-water discharge are
suspected ofbeing significant mechanisms for nutrient transport to Lake Tahoe (Thodal, 1994, p. 2).

Background

The Tahoe Regional Planning Agency (TRPA) is a bi-state resource management agency that has primary
responsibility for the environmental protection of Lake Tahoe. TRPA's principal mission is to reduce the
loss of clarity in Lake Tahoe. TRPA oversees the monitoring of existing environmental conditions in the
basin through a number of programs. The U.S. Geological Survey (USGS) began a tributary discharge and
water-quality monitoring study in 1988 in cooperation with TRPA. TRPA and USGS also instituted a
cooperative ground-water monitoring study during 1990-92. A revised ground-water study was reinstated
in 1995. Both of these ongoing water-quality data-collection efforts include the involvement of the
University of California-Davis, Tahoe Research Group (TRG) and are included in the Lake Tahoe
Interagency Monitoring Program (LTIMP). LTIMP was formed in 1978 with 12 State and Federal agencies
and TRG (Goldman and others, 1986). Agencies currently participating in LTIMP include TRG; USGS;
TRPA; U.S. Forest Service (USFS); U.S. Natural Resources Conservation Service (NRCS); U.S.
Environmental Protection Agency (USEPA); Lahontan Regional Water Quality Control Board; California
Department ofParks and Recreation; California Department ofFish and Game; California Tahoe
Conservancy; Nevada Department of Environmental Protection; University of Nevada, Reno; Douglas .
County, Nev.; El Dorado County, Calif; Washoe County, Nev.; and the City of South Lake Tahoe, Calif.

The current USGS-TRPA networks include 32 surface-water sites where suspended sediment,
.water-quality, and streamflow data are collected, and 32 ground-water sites, where water-quality and
water-level data are collected. These surface- and ground-water sites are located throughout the Lake
Tahoe Basin. Both of these networks are described in more detail by Boughton and others (1997) and are
shown on a map by Rowe and Stone (1997). From these two networks, six surface-water sites and eight
ground-water sites were used from within the study area.

In 1996, TRPA developed the Lake Tahoe Federal Legislative Agenda, a public-private partnership of
agencies in the Tahoe region (Tahoe Regional Planning Agency, 1996). The plan designated four Lake
Tahoe watersheds as high priority for possible watershed restoration projects. TRPA included Third and
Incline Creek watersheds in the north, Edgewood Creek watershed in the southeast, and the Upper Truckee
River watershed in the south.
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In 1996, the Upper Truckee River watershed was chosen for a focused effort to improve water quality
within one watershed of the Lake Tahoe Basin. An advisory group, the Upper Truckee River Watershed
Focused Group, was formed as a subgroup ofLTIMP.

The Upper Truckee River watershed is the largest ofthe 63 watersheds in the Lake Tahoe Basin. The
Upper Truckee River also delivers the largest volume of surface water and may be providing some of the
largest nutrient and sediment loads to the lake. Also, the Upper Truckee River watershed has the greatest
human population of any watershed in the Lake Tahoe Basin, thus increasing the chances of negative
human effects on water quality. The watershed also has several land-uses representative of many
water-quality influences that occur throughout the Lake Tahoe Basin. Trout Creek is included in the study
area because the watersheds are adjacent to each other and together comprise most of the South Lake
Tahoe area.

Purpose and Scope

This report presents a compilation of ground-water and surface-water data collected in the Upper Truckee
River and Trout Creek watersheds during baseflow conditions from July to December 1996. The data are
used to (1) determine ground-water levels and direction of ground-water flow in the watersheds, (2)
determine the interaction between ground water and streamflow, and (3) compare the water quality of the
ground- and surface-water systems during baseflow conditions.

USGS, in cooperation with TRPA, began a study in July 1996 to improve the understanding of the
surface-water and ground-water systems and their interactions within the Upper Truckee River and Trout
Creek watersheds. Principle efforts included (1) making streamflow measurements during baseflow
conditions on the Upper Truckee River and Trout Creek and their tributaries; (2) inventorying existing
wells on the basis of well drillers' reports and canvassing local residents; (3) determining depth to water in
located wells; (4) developing a map showing the altitude of the water table using depth-to-water
measurements in wells and results of seepage estimates; and (5) collecting additional water-quality data.

Previous Studies

The USGS has been involved with surface-water studies in the Upper Truckee River and Trout Creek
watersheds since 1960, when operation of streamflow-gaging stations and surface-water-quality sampling

sites first began. Periods of record of daily streamflow, water-quality, and suspended-sediment data are
listed in table 1 for eight current and historical sites. Data from these eight sites have been published
previously in USGS annual data reports by California and Nevada. Previous USGS surface-water studies in
the Upper Truckee River and Trout Creek watersheds have included sediment discharge (Kroll, 1976);
flood and related debris-flow hazards map for the South Lake Tahoe area (Katzer and Glancy, 1978); and
suspended-sediment factors for the Lake Tahoe Basin (Hill and Nolan, 1988). Jeton (1999) has constructed
a precipitation/runoff model for the Lake Tahoe Basin that includes Upper Truckee River and Trout Creek.

TRG has been involved with several studies and has collected physical and chemical data on Upper
Truckee River and Trout Creek since the early 1970's. These data are included in LTIMP annual reports.
The most recent LTIMP report is by Byron and others (1989).

TRPA also has published annual water-quality reports since 1990 for the Lake Tahoe Basin. These reports
have included USGS and TRG data on Upper Truckee River and Trout Creek. The most recent report is by
Hill (1996).

USFS also has been involved with several studies collecting physical and chemical data on Upper Truckee
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River and Trout Creek. USFS has published a water-quality report on the Santa Fe erosion control project
by Hoffman (1991); a water-quality report summarizing five baseline stations by Lowry and Meeker
(1993); a monitoring report on Hell Hole Road water-quality improvement project by Norman (1996); a
water-quality-monitoring report on spring runoff in the Grass Lake research natural area by Norman and
Parsons (1997); and a monitoring report on Pope Marsh bum by Norman (1997).

U.S. Army Corps of Engineers (USCOE) published a report on flood-plain information for the Upper
Truckee River, South Lake Tahoe, Calif (U.S. Anny Corps of Engineers, 1969). EI Dorado County
Department of Transportation has been involved in several studies and data collection efforts on the Upper
Truckee River and Trout Creek. A recently published report on the Apache Erosion Control project was
done by Robinson (1996).

Within the study area, ground water is the primary source for domestic and public water supplies.
Historical wastewater disposal practices and current large municipal withdrawals of ground water within
the Upper Truckee River and Trout Creek watersheds are the basis for several studies that focused on water
quality and quantity. For example, the California Department of Water Resources has been monitoring
water levels since 1958 for selected wells to identify long-term trends, if any, within the Lake Tahoe Basin.
Two of these wells are within the study area. Thodal (1997) used data from 32 wells to characterize
ground-water quality within the Lake Tahoe Basin. Six of these wells are within the study area. Scott and
others (1978), Blum (1979), and Woodling (1987) report the results ofhydrogeologic investigations in the
study area. Results of investigations of ground-water nutrient flux of the Upper Truckee River and Trout
Creek watersheds are included in reports by Loeb and Goldman (1979), Loeb (1987), and Thodal (1997).
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DESCRIPTION OF STUDY AREA

The study area is in the southern part of the Lake Tahoe Basin Hydrographic Areal and includes the entire
Upper Truckee River and Trout Creek watersheds (figs. 1 and ~) in California. Additionally, samples were
taken from wells and a spring adjacent to the study area in California and Nevada.

Historically, Trout Creek was tributary to Upper Truckee River in the Truckee Marsh area near the lake
(fig. 2). But with development ofthe Tahoe Keys, the Upper Truckee River was channeled to the lake and
currently the streamflow of the two tributaries combine only during high runoff. Because of this historical
combination of the Upper Truckee River and Trout Creek on the surface, speculation is that their
ground-water sysfems also may combine at some point. This is one reason that both watersheds are
included in this study.

Geology

The main geologic units identified within the study area are granitic rocks and glacial deposits. Other units
that are much less extensive are pluvial and alluvial deposits, volcanic rock, and metamorphic rock (Tahoe
Regional Planning Agency and U.S. Forest Service, 1971, plate).

The geology ofthe study area can be characterized by lake and glacial deposits at the lower altitudes,
flatlands, and low~lying hills; and by granitic rocks that make up the steep and high mountain slopes and
peaks. The only volcanic rocks within the study area are in the extreme headwaters ofthe Upper Truckee
River watershed, and the only metamorphic rocks are two small areas above Echo Lake and two small
areas in the low-lying hill between the City of South Lake Tahoe and Fallen Leaf Lake. Lake deposits are
evident in a few high-mountain meadows and along the lower stream channels in the Upper Truckee River
and Trout Creek watersheds (Tahoe Regional Planning Agency and U.S. Forest Service, 1971, plate).

Landfonns of the study area were principally shaped from tectonic and glacial processes. A combination of
basin-and-range style fault-bounded blocks and glacial erosional and depositional action resulted in the
formation ofthe present-day landforms. Four periods of major glaciation shaped these landforms (Tahoe
Regional Planning Agency and U.S. Forest Service, 1971). The major landforms attributed to glaciation are
deep basin-fill deposits, steep mountain slopes adjacent to the upper reaches ofthe Upper Truckee River
and Trout Creek, and large lateral moraines that divide the Trout Creek watershed from the Upper Truckee
River watershed and the Upper Truckee River watershed from Fallen Leaf Lake (Tahoe Regional Planning
Agency and U.S. Forest Service, 1971).

The basin-fill deposits within the study area are comprised entirely of lake, stream, and glacial deposits.
Also, the underlying basement rock is assumed to be entirely granitic. Thicknesses of the basin-fill deposits
in the South Lake Tahoe area near Lake Tahoe may be as great as 1,600- 1,900 ft (Blum, 1979). For the
purposes of this report, the areas with basin-fill deposits will be referred to as unconsolidated areas and the
areas that have exposed bedrock will be referred to as consolidated areas.

10/20/200 I 2:48 PM
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Vegetation in the Upper Truckee River and Trout Creek watersheds is primarily coniferous forest with
lodgepole pine, ponderosa pine, Jeffrey pine, white fir, red fir, western white pine, mountain hemlock, and
sugar pine. Alders, aspen, and willows are common along the stream zones (Cartier and others, 1993).

Climate

In the Upper Truckee River watershed, precipitation (mostly in the form of snow) ranges from nearly 25 in.
to greater than 60 in., with a general decrease from west to east (Twiss and others, 1971). In the Trout
Creek watershed, precipitation ranges from nearly 20 in. to about 40 in. with a general decrease from
southwest to northeast. The National Weather Service reported above average annual precipitation during
1996 at the long-term weather stations in Tahoe City and Glenbrook. The daily precipitation record for a
nearby National Resource Conservation Service (NRCS) Snow Telemetry (SNOTEL) site near Lake Tahoe
just north of Fallen Leaf Lake is shown in figure 7. Most of the precipitation for 1996 (approximately 94
percent) occurred between late November 1995 and mid-May 1996. Minor rainfall amounts were recorded
at the end of June, mid-July, and mid-August of 1996. Summer thunderstorms, typical of the study area,
were almost absent in 1996.

History

Historically, the land use of the Lake Tahoe Basin by humans first began with the Washoe Indian Tribe.
Major changes in land use occurred with the discovery ofthe Comstock Lode in nearby Virginia City, Nev.
Many trees in the Lake Tahoe Basin, including those within the study area, were harvested to provide
shoring timbers for the Comstock mines (Crippen and Pavelka, 1972). When the Comstock era began to
decline during the late 1800's, the Lake Tahoe Basin began to emerge as a seasonal vacation area. By the
end of World War II, the Lake Tahoe Basin had become an established year-round destination.

Upper Truckee River Watershed

The Upper Truckee River watershed is almost entirely within EI Dorado County, Calif (fig. 2). About 3

mi2 ofthe southern tip is in Alpine County, Calif This watershed is the largest in the Lake Tahoe Basin

and occupies 56.5 mi2, which is 18 percent ofthe total land area tributary to Lake Tahoe (314 mi2). Upper
Truckee River has a drainage perimeter of53.9 mi (Cartier and others, 1995). The Upper Truckee River
main channel length is 21.4 mi. The land-surface altitudes range from lake level to 10,063 ft above sea
level at Red Lake Peak (fig. 2).

The lowest land-surface altitude within the study area that is above water is determined by the surface of
Lake Tahoe, which can fluctuate from a little below its natural rim of 6,221.9 ft (6,223.0 ft Bureau of
Reclamation (BOR) datum) to slightly greater than its legal maximum altitude of 6,228.0 ft (6,229.1 ft
BOR datum). For the period of this study, July through December, Lake Tahoe had a maximum
lake-surface altitude in July of 6,227.9 ft, a minimum in November of 6,226.1 ft, and a mean of 6,227.0 ft
(Bonner and others, 1998).

Percent slope, which describes the steepness ofthe topography within the watershed, ranges from
approximately zero near Lake Tahoe and along the valley bottoms, to as much as 50 in the upper altitudes
of the watershed (Cartier and others, 1993). Dominant aspect, which is the compass direction of a slope
face, is generally east, west, southwest, and northwest facing slopes.
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The main tributary drainages to the Upper Truckee River (12Ll) include Grass Lake Creek (drainage area of

6.4 mi2; table 2), Angora Creek (5.7 mi2), Echo Creek (5.4 mi2), and Big Meadow Creek (5.1 mi2). Major
wetlands include Grass Lake, Osgood Swamp, Truckee Marsh, Benwood Meadow, and Big Meadow (nh
1). Major lakes include Upper and Lower Echo Lakes and smaller lakes include Dardanelles, Round,
Showers, Elbert, Tamarack, Ralston, and Angora Lakes (fig. 2). The only diversion from this watershed is
to the American River Basin from Echo Lake, which has a storage capacity of 1,890 acre-ft (Bostic and
others, 1997, p. 260).

Trout Creek Watershed

The Trout Creek watershed is within El Dorado County, Calif., east ofthe Upper Truckee River watershed

(fig. 2). The watershed is the second largest in the Lake Tahoe Basin and occupies 41.2 mi2, which is 13
percent of the total land area tributary to Lake Tahoe. Trout Creek has a drainage perimeter of34.8 mi.
Trout Creek has a main channel length of 12.1 mi. The land-surface altitudes range from lake level to
10,881 ft at Freel Peak (fig. 2).

Percent slope ranges from approximately zero in the lower reach near Lake Tahoe, to 50 at higher altitudes
(Cartier and others, 1993). Aspect is a mixture of generally west, east, north, northwest, and southwest
facing slopes.

The main tributaries to Trout Creek include Cold Creek (drainage area of 12.8 mi2), Saxon Creek (8.2
mi2), Heavenly Valley Creek (3.0 mi2), and Hidden Valley Creek (1.7 mi2; table 2, 12Ll). Major wetland
areas include Truckee Marsh, High Meadows, and Hell Hole (12Ll, fig. 2). The only lake in the Trout
Creek watershed is Star Lake (fig. 2). The major basin diversion is ground-water withdrawal for municipal
use.

1 Formal hydrographic areas in Nevada were delineated systematically by the U.S. Geological Survey and
Nevada Division of Water Resources in the late 1960's (Rush, 1968; Cardinalli and others, 1968) for
scientific and administrative purposes. The official hydrographic-area names, numbers, and geographic
boundaries continue to be used in Geological Survey scientific reports and Division of Water Resources
administrative activities.
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WRIR 00-4001
Surface- and Ground Water Characteristics in the Upper Truckee River and Trout Creek
Watersheds

INVENTORY AND MEASUREMENT METHODS

Streamflow and Seepage

Seepage estimates were determined for selected reaches in the Upper Truckee River and Trout Creek
watersheds by measuring streamflow entering and leaving the reach and by measuring all tributary flows
entering the reach during base-flow conditions. If streamflow leaving the reach exceeded all streamflow
entering the reach by at least 5 percent, the difference was assumed to be ground-water seepage to the
stream and the reach is referred to as a gaining reach. If flow leaving the reach was less than all inflow to
the reach by at least 5 percent, then the streamflow was assumed lost to ground water and the reach is
referred to as a losing reach. If flow leaving the reach was within 5 percent of all the inflow to the reach,
then the difference was within standard measurement error and the reach is referred to as a steady reach
with no losses or gains. This method for estimating seepage along the stream channels assumes no overland
runoff, negligible evaporation directly from the stream, negligible evapotranspiration from riparian
vegetation along the stream, and no storage changes along the stream channel.

Unit-runoff values were derived by dividing streamflow values by contributing drainage area. Unit-runoff
values are defined as the average number of cubic feet per second flowing from each square mile of area
drained by a stream, assuming that the runoff is distributed uniformly in time and space. Delineation of
drainage areas used in this study are from Cartier and others (1995).

Seventy streamflow measurement sites were established in the study area--45 in the Upper Truckee River
watershed and 25 in the Trout Creek watershed. Streamflow was determined at 63 of the streamflow
measurement sites--40 in the Upper Truckee River watershed and 23 in the Trout Creek watershed. These
sites were selected to estimate seepage and unit-runoff values along selected reaches in the main stems and
tributaries (tables J and 1, QLl,fig. 3). Of the 40 sites in the Upper Truckee River watershed with
streamflow measurements, 13 are main-stem sites and 27 are tributary sites. The main stem of the Upper
Truckee River was divided into 10 reach segments. Of the 23 sites in the Trout Creek watershed with
streamflow measurements, 9 are main-stem sites and 14 are tributary sites. The main stem of Trout Creek
was divided into six reach segments. Existing streamgage locations and water-quality sampling sites were
selected along with sites at the confluence of all inflowing tributaries with the main-stem streams.
Additional sites along the major tributaries were selected in each watershed. The selection of these sites
was made on the basis of accessibility. Measurements of streamflow were made on the same day within
each watershed. Streamflow measurements in the Upper Truckee River watershed were made on
September 23, 1996, and streamflow measurements in the Trout Creek watershed were made on September

26, 1996.

Streamflows were measured following USGS guidelines (Buchanan and Somers, 1969). Water and air
temperatures were measured using calibrated field thermometers.

River miles (distance from mouth of river to seepage measurement sites) along the main stems were
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calculated from the mouth of each watershed using a geographical information system (table 2, fig. 3).
River miles on the tributaries were calculated by taking the river mile of the main channel at the tributary
mouth and then adding the distance of the tributary channel going upstream. River miles were used in
computing relative ground-water seepage rates along selected reaches of the Upper Truckee River and
Trout Creek.

Wells and Ground-Water Levels

Well drilIers'logs in the study area were obtained from the California Department of Water Resources.
These logs are used to locate existing domestic and public supply wells and to provide well-construction
information such as well depth, screen interval, well diameter, and lithology. A field reconnaissance of
existing wells was made from early August 1996 through November 1996. Some wells were found after
interviewing local residents in areas of known domestic withdrawals. When a well was found, its location
was plotted on a 7.S-minute topographic map and its latitude and longitude coordinates were determined
using a Precision Lightweight Global Positioning System Receiver (PLGR). The accuracy of these
locations is ±100 ft, or approximately 1 second oflatitude or longitude.

Field information collected for each well included casing diameter, well depth, well-owner information,
measuring-point height, land-surface altitude, well and water-use status, and water level (table 5). All
land-surface altitudes were taken from USGS 7.S-minute topographic quadrangle maps except for those
wells that already had land-surface altitudes determined by conventional surveying techniques. The
accuracy ofland-surface altitudes estimated from the maps is typically within 20 ft and often within 10ft,
depending on the topographic-contour interval (plus or minus one-half of the topographic-contour interval).
For land~surfacealtitudes determined by surveying techniques, accuracies are within 0.1 ft. All water-level
measurements were made using either a steel or electric tape. Because water levels were determined by
subtracting depth to water from land-surface altitudes, they carry the same uncertainties as the land-surface
altitudes. Domestic wells were frequently used for yard irrigation during the late summer and early fall
when data were collected. Water levels from these pumping wells are not representative of static conditions
(table 5). Data for wells presented in this report are stored in the USGS National Water Information System
(NWIS) data base.

Between July 16 and November 8, 1996, USGS staff inventoried 94 wells and 1 spring. Of the 94 wells, 79
are within the study-area boundaries. The other 15 wells and 1 spring are adjacent to the study area. Most
of the sites adjacent to the study area were included in this study to help interpret water-level contours and
hydraulic gradients at the study area boundaries. The remainder of these sites were included because the
information from them is previously unpublished. Of the 79 wells within the study area, water levels were
measured at 62 wells. Seventeen wells were not measured because they were either flowing, inaccessible,
or pumping almost continuously. Thirteen of the wells measured had been pumped recently (identified with
an R on table 5), and may not represent a static water level. Two ofthe wells measured were pumping;
these water levels are not representative of static levels but do give a lower boundary for the water surface
(water level in parentheses in table 5). The water-use distribution for the 79 wells within the study area is
as follows: 11 wells are used for public supply; 45 wells are used for domestic purposes; and 23 wells are
used for monitoring purposes (fig. 4).

Well locations and associated water-level altitudes were used along with seepage estimates to develop a
water-level map of the study area (Q.1...!). Directions of ground-water flow in the study area were
determined from the water levels on plate 1.

Hydraulic gradients in the study area were determined also from water levels shown on plate 1. Because of
the uncertainties in water-level altitudes, an inherent uncertainty is associated with the hydraulic gradients.
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These uncertainties are generally greatest in the middle part of the study area (Tahoe Paradise area) and the
least in the steeply sloping area above Christmas Valley along Luther Pass.

The 94 wells inventoried for this study are a sample of the entire population of wells in and adjacent to the
study area. How many wells make up the entire well population is unknown due to inconsistent reporting
of well drilling in the past as well as undocumented destruction of wells. The sample distribution of wells
is assumed to be representative of the total well distribution. This results in clusters of wells in areas of
current domestic withdrawals and areas of environmental ground-water monitoring. Three major clusters
are apparent on plate 1. The largest cluster is in the south end of Christmas Valley, where the residential
population is still on domestic-well systems. Another cluster is on the south side of Twin Peaks, where the
residential population still uses wells for domestic supply and where environmental monitoring of ground
water is done in a nearby meadow. The third cluster is in the Trout Creek watershed at the old landfill near
Meyers, Calif. This cluster of observation wells was established to monitor environmental effects of the
landfill on the local ground water. .

Water Quality

Samples were collected to determine specific conductance at each streamflow site at the time of
measurement (table 3). Specific conductance is the ability of a substance to conduct an electric current at a
specific temperature. In water, specific conductance is a good indicator of the concentration of dissolved
solids. The greater the specific conductance, the greater the concentration of dissolved solids (Hem, 1985).
Samples for specific-conductance measurements were collected by hand dipping a field-rinsed 250-mL
polyethylene bottle in the center of flow at each site. Readings were then made within 24 hours of
collection for each sample at the USGS Nevada District Laboratory using a calibrated specific conductance
field meter adjusted to conductance at 25°C.

Six surface-water-quality sites (fig. 3; three on the Upper Truckee River and three on Trout Creek) were
sampled periodically from July through December 1996 (table 6). These sites were sampled for total
kjeldahl (ammonia plus organic nitrogen), total phosphorous, dissolved orthophosphorus, dissolved
ammonia, dissolved nitrite plus nitrate, and total bioreactive iron. Field measurements ofspecific
conductance, pH, water temperature, and dissolved oxygen were collected also. Historical USGS
water-quality data, dating back to 1992, are available for all these sites. Standard USGS methods were used
for sample collection. The method used for this study to collect water-quality samples was the equal-width
increment (EWI) method, which is a depth- and width-integration method. This method involves collecting
depth-integrated samples from equal-width segments of the cross section ofa stream. The sample was then
composited and mixed in a chum. The samples for measurements of total constituents were collected
directly from the churn and the dissolved samples were filtered from the churn. These water-quality
samples were then preserved (nutrients were chilled to 4°C and stored in the dark, and iron samples were
acidified with concentrated nitric acid to a pH below 2) and shipped overnight to the UC Davis-TRG
laboratories in Davis and Tahoe City, Calif. The samples were analyzed for iron and nutrients within 8 days
according to procedures described by Hunter and others (1993). Specific-conductance and pH
measurements were made from water taken from the chum after thoroughly mixing. The water temperature
and dissolved oxygen were measured directly in the stream at the time of sampling. Specific conductance,
pH, and dissolved oxygen were measured with field meters that were calibrated before each sample.

Summary statistics were computed for the combined samples of all six surface-water-quality sites on the
Upper Truckee River and Trout Creek for July through December 1996 (figs.l and §). For all 6 sites, only
samples collected the same day or within 1 day were used in the analysis to compare with the summary
statistics for the ground-water-quality sites.
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Seven wells in the study area (five in the Upper Truckee River watershed and two in the Trout Creek
watershed) and one well adjacent to the study area were sampled in July 1996 (table 7). These wells were
sampled for dissolved nitrite plus nitrate, dissolved ammonia, dissolved kjeldahl (ammonia plus organic
nitrogen), dissolved phosphorous, dissolved orthophosphorus, and dissolved bioreactive iron. Historical
USGS water-quality data dating back to 1990 is available for these wells. These eight wells and well 143
(table 7) were sampled in November and December 1996. Seven ofthese are public supply wells and two
are observation wells. The public-supply wells were sampled from the delivery system using existing
pumps. For these wells, water was collected as close to the wellhead as possible to ensure that the sample
was not affected by any treatment or storage of the water. Because these samples were collected from
public-supply wells that are heavily used, it is assumed that the water is representative of the aquifer water.
The two observation wells were sampled using a submersible pump. Because these wells are not pumped
regularly, more than three casing volumes of water were pumped prior to sampling and specific
conductance and water temperature were checked until stabilized, to assure that the water was
representative of the aquifer water. These water-quality samples were filtered (through 0.45-Jlm filter) in
the field and then preserved (nutrients were chilled to 4°C and stored in the dark and iron samples were
acidified with concentrated nitric acid to a pH below 2) and shipped to the UC Davis-TRG laboratories in
Davis and Tahoe City, Calif. The samples were analyzed for iron and for nutrients within 8 days according
to the procedures described by Hunter and others (1993). Specific conductance, water temperature, water
level, and pH were measured in the field during sampling. Specific conductance and pH measurements
were made from water taken with field meters that were calibrated before each sample.

Ground-water-quality data are presented in table 7. The ground-water data are reported also in the 1996
annual data report for Nevada (Bostic and others, 1997, p. 532-536).

Summary statistics were computed for the combined samples ofthe seven ground-water-quality sites
within the Upper Truckee and Trout Creek watersheds that were sampled in July 1996 and in
November-December 1996 (figs. ~ and Q). Well 143 was not used in the analysis because only one sample
was collected during the study period. Also, this well is suspected of being affected by the landfill near
Meyers, which is directly upgradient, and therefore probably is not a good representation ofthe overall
ground-water quality in that area.
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WRIR 00-4001
Surface- and Ground Water Characteristics in the Upper Truckee River and Trout Creek
Watersheds

SURFACE- AND GROUND-WATER CONDITIONS

Streamflow and Seepage Estimates

The measured streamflows in the Upper Truckee River watershed ranged from zero to 11.6 ft3/s (table 3).

Streamflow measured along the main stem of the Upper Truckee River increased from 2.6 ft3/s at site 45 to

11.6 ft3/s at site 3 in a downstream direction (fig. 3, ill). At site 1, flow was not measured because the
river was too deep to wade and velocities too slow for an accurate measurement due to backwater effects
caused by the high level of Lake Tahoe on September 23, 1996. Three of the 13 remaining main-stem sites
had no streamflow because these sites were on dry, divergent branches ofthe main stem. Of the 31
streamflow measurement sites that are tributary to the Upper Truckee River or are along the tributaries, 13
had no measurable streamflow. Major tributary inflows to the Upper Truckee River on September 23,

1996, included 2.0 ft3/s at sites 27 and 28 (sum of divergent flows in tributary), 0.9 ft3/s at site 37, and 0.8
ft3 Is at site 12.

The measured streamflows in the Trout Creek watershed ranged from 0 to 23.0 ft3/s. Streamflow measured

along the main stem ofTrout Creek increased from 4.7 ft3/s at site 70 to 23.0 ft3/s for combined sites 46-48
(fig. 3, 12L1). All the main stem sites had streamflow. Of the 14 streamflow measurement sites that are
tributary to Trout Creek or are along the tributaries, only 1 (site 55) had no measurable streamflow. Major

tributary inflows to Trout Creek on September 26, 1996, included 11.2 ft3/s at site 53, 2.4 ft3/s at site 61,

1.4 ft3/s at site 67, and 0.8 ft3/s at site 66.

The streamflows measured in September 1996, for both watersheds, were representative of base-flow
conditions from August through December. The smallest daily streamflow for the 1996 water year at the
most downstream gage on the Upper Truckee River (site 6) was 7.7 ft3/s in late October 1995 (Bostic and

others, 1997, p. 268). The lowest monthly mean streamflow, 10.2 ft3Is, occurred during November 1995.
The lowest daily streamflow for the 1996 water year at the most downstream gage on Trout Creek (site 52)

was 14.0 ft3/s in late December 1995. The lowest monthly mean streamflow occurred during November

1995, and was 22.0 ft3/s (Bostic and others, 1997, p. 333). Hydrographs for these two streamgages are
shown in figure 7, along with the daily precipitation record for a nearby NRCS SNOTEL site.

All streamflow data were entered into the USGS National Water Information System (NWIS) databases.
Streamflow measurement data for September 1996 also appear in the annual data report for Nevada (Bostic
and others, 1997).

Results of the streamflow measurements, seepage estimates, seepage rates per unit length, and unit runoffs
are listed in table 4. In addition, the location of gaining, losing, and steady reaches are shown on plate 1
and fi gure 3.
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Seepage estimates for reaches along the Upper Truckee River indicate that, of the 11.6 ft3/s streamflow

near the mouth at site 3,4.4 ft3/s (38 percent) was gained from ground-water seepage to the main stem, 4.5

ft3/s (39 percent) was gained from tributary inflows, and 2.6 ft3/s (23 percent) was the beginning
streamflow at site 45. The average rate of gain per unit length along the main stem over the distance from

site 45 to site 3 (13.3 mi) was 0.33 ft3/s per mile. Of the 10 reach segments along the main stem of the
Upper Truckee River, 5were gaining from ground-water seepage, 1was losing due to ground-water
seepage,3 had no measurable influence due to ground water, and 1 was undetermined because a
streamflow measurement was not possible (fig. 8).

Seepage estimates for reaches along Trout Creek indicate that, of the 23.0 ft3/s streamflow near the mouth

at sites 46-48, 0.7 ft3/s (3 percent) was gained from ground-water seepage to the main stem, 17.4 ft3/s (76

percent) was gained from tributary inflows, and 4.7 ft3/s (21 percent) is the beginning streamflow at site
70. The average rate of gain per unit length along the main stem over the distance from site 70 (8.9 mi) to

sites 46-48 was about 0.08 ft3/s per mile. Of the six reach segments along the main stem of Trout Creek,
three were gaining from ground-water seepage, two were losing, and one had no measurable loss or gain
(fig. 8).

The Upper Truckee River and Trout Creek have similar characteristics in the location of ground-water
seepage contributions to their streamflows. Both streams are gaining in their upper reaches, both are steady
or losing through their middle reaches, and both gain streamflow over a mile reach starting at about 2.5 mi
upstream from Lake Tahoe (fig. 8).

The value obtained when discharge is divided by contributing drainage area, termed unit runoff, is often
useful in comparing the magnitude of flow between two basins or the discharge at two or more locations in
one basin. Unit runoff along the main stem of the Upper Truckee River ranged only slightly from 0.21 to

0.23 ft3/s/mi2 while its tributaries had greater variation, from zero at many ofthe tributaries to 0.31

ft3/s/mi2 at site 28 (table 3). Unit runoff along the main stem ofTrout Creek ranged from 0.56 ft3/s/mi2 in

the lower reaches to 0.84 ft3/s/mi2 in the upper reaches while its tributaries ranged from 0.07 ft3/s/mi2 at

site 50 to 1.00 ft3/s/mi2 at site 67. The unit runoff in Trout Creek is larger than that of the Upper Truckee
River. This is because most of the streamflow into Trout Creek is from the Cold Creek tributary whose unit

runoff is 0.88 ft3/s/mi2. The high unit runoff of the Cold Creek tributary is assumed to be from delayed
snowpack melt because the drainage has a significant percentage of north-facing aspect (Peltz and others,
1994) or because the capacity of ground-water storage within the Cold Creek watershed is large.

Ground-Water Levels and Direction of Flow

The distribution of inventoried wells, their water use, and geology (consolidated rock or unconsolidated
basin fill) of the study area are shown in figure 4. Because of the lack of drillers' reports for many wells, the
distribution of wells completed in unconsolidated basin-fill deposits or consolidated rock is unknown. For
wells with drillers' reports, most are completed in basin-fill deposits (unconsolidated) with a few wells
completed in fractured granite (consolidated).

The median depth to water on the basis ofmeasurements from 60 non-pumping wells was 12.7 ft below
land surface and ranged from 1.33 ft below land surface at well 94 to 69.85 ft below land surface at well

137. Depths to water were generally shallow in observation wells in meadows and particularly along the
meadow near the mouth ofAngora Creek where it is tributary to the Upper Truckee River. Depths to water
were the greatest in observation wells in the old landfill near Meyers.
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Well locations, results of seepage estimates, water-level contours, generalized directions of ground-water
flow, and consolidated and unconsolidated geology are shown on plate 1. Water-level contours derived
from measured water levels and results of seepage estimates are represented on plate 1 by solid lines;
contours detennined by using a median depth to water of about 13 ft are represented on plate 1 by dashed
lines. The interpretation ofthe water-level contours in areas with wells that have land-surface altitudes
detennined from topographic maps has an inherent uncertainty due to uncertainties associated with the
water-level altitudes. In steeply sloping terrain, the horizontal uncertainty of the water-level contours is
small. In the more gently sloping terrain, where the topographic-contour interval is 40 ft, this horizontal
uncertainty can be greater. Where the topographic-contour interval is 20 ft or less, the horizontal
uncertainty is less. Water-level contours exist only in the unconsolidated sediments of the study area and
do not cross consolidated rock. The water-level contour interval on plate 1 is variable and in general
increases to the south, from about lOft in South Lake Tahoe to 200 ft along Highway 89 near Luther Pass.

Ground-water altitudes (ill) in the Upper Truckee River watershed range from about 6,220 ft at well 76
in the northern part of the study area near Lake Tahoe to 7,250 ft at well 130 in the southern part of the
study area. Ground-water altitudes in the Trout Creek watershed range from 6,190 ft at well 137 in the
northern part of the study area to 6,380 ft at well 148 in the old Meyers landfill. Ground-water altitudes in
the study area generally mimic the topography, with higher altitudes in the upland areas and lower altitudes
near Lake Tahoe.

Ground-water levels in two wells in the study area (wells 73 and 131) have been monitored by California
Department of Water Resources since June 1962. These two wells have responded to climatic variations
such as drought and wet years (fig. 9).

In general, ground water in the study area is flowing northward toward Lake Tahoe (lliJ.) and parallels
surface-water flow. Ground water generally discharges to the Upper Truckee River and Trout Creek along
the upper reaches, whereas in the middle reaches ground water is flowing parallel to both streams. In the
middle reach, the Upper Truckee River is losing streamflow for about 1.9.mi and Trout Creek has a net loss
over its middle reaches. Ground water discharges to both streams between river miles 1.5 and 2.8 as both
streams have a net gain in streamflow that is not accounted for by tributary flows. Both streams show little
gain in flow further downstream suggesting that little ground water discharges to the two streams close to
Lake Tahoe (table 4, ill).

From July to November 1996, altitude of ground water in wells in the area between Lake Tahoe and
Highway 50 (about river mile 1.5 on both stems) was nearly the same as the lake-surface altitude (table 5,
ill). This suggests that the ground-water flow beneath the Upper Truckee River and Trout Creek
drainages between Highway 50 and Lake Tahoe was minimal during the study. Much of the ground-water
discharge in these drainages was to the channels of the Upper Truckee River and Trout Creek upstream
from Highway 50 (lliJ.).

Hydraulic gradients in the study area upstream from Highway 50 ranged from 10 to 1,400 ft/mi. Hydraulic
gradients in the Upper Truckee River watershed are greatest in the upland areas. For example, the gradient
near Luther Pass is 700 to 1,400 ft/mi. Hydraulic gradients tend to decrease rapidly in the lower areas, such
as Christmas Valley, where gradients ranged from 30 to 60 ft/mi. In the Tahoe Paradise area, the hydraulic
gradients ranged from about 20 to 40 ftlmi. In the northern part of the study area, the hydraulic gradients

ranged from 10 ft/mi along the Upper Truckee River near the airport to as much as 50 ftlmi in the South
Lake Tahoe area near the intersection of Highway 50 and Highway 89 in the Upper Truckee River
watershed. The hydraulic gradients in the Trout Creek watershed ranged from about 420 ftlmi for areas
along Saxon Creek to about 20 ftlmi along the lower reaches of Trout Creek upstream from the confluence
ofHeavenly Valley Creek. In the South Lake Tahoe area ofthe Trout Creek watershed, just south of



USGS WRIR 00-4001 Surface- and Ground-Water Conditions http://water.usgs.gov/pubslwri/wri00400Iffextisurfacewater.htm

Highway 50, the hydraulic gradient is about 30 ftlmi except in the area of well 137, where a cone of
depression is caused by municipal pumping (Woodling, 1987, p. 21) and the hydraulic gradient is as high
as 300 ft/mi. Hydraulic gradients vary on either side of the large lateral glacial moraine that divides the
Trout Creek watershed from the Upper Truckee River watershed. Hydraulic gradients ranged from 170 to
1,300 ftlmi on the west side of the moraine and from 60 to 730 ftlmi on the east side.

Water Quality

Specific conductance of surface-water samples from sites in the Upper Truckee River watershed on
September 23, 1996, ranged from 311lS/cm at site 16 to 148 IlS/cm at site 19 (table 3). Specific
conductance in the main channel of the Upper Truckee River increased in a downstream direction from 50
IlS/cm at site 45 to 99 IlS/cm at site 15 and.then remained relatively constant from site 15 to site 1 with a
range ofonly 96 to 99 IlS/cm (fig. 10). The relatively large increase in specific conductance with
downstream direction for the upper half of the Upper Truckee River was probably caused by the relatively
large component of higher conductance ground water contributing to the rivers streamflow for this segment
(fig. 3, tables J. and 1.). The lower half of the Upper Truckee River' has relatively constant specific
conductance probably because streamflow has almost no gain from ground-water seepage for this segment
(fig. 3, tables J. and 1). The specific conductance values found along the main stem of the Upper Truckee
River during base-flow conditions are similar to the highest values found during the 1996 water year. For
the 1996 water year, specific conductance ranged from 22 to 96 IlS/cm at site 6 near the mouth to 14 to 51
IlS/cm at site 43 (Bostic and others, 1997, p. 263-269). Specific conductances are usually greatest during
the low streamflow of late summer through fall and immediately following some storms prior to snowmelt.
Specific conductances are lowest during snowmelt runoff, which generally peaks in late spring through
early summer.

Specific conductance of surface-water samples from sites in the Trout Creek watershed on September 26,
1996, ranged from 43 IlS/cm at site 53 to 92 IlS/cm at site 58 (table 3). The specific conductance measured
in the main channel of Trout Creek ranged from 49 to 54 IlS/cm (fig. 10). The lack of increase in specific
conductance with downstream direction in Trout Creek as compared with the Upper Truckee River might
be due to the minimal contribution of ground-water seepage to streamflow. The specific conductance
values found along the main stem of Trout Creek during base-flow conditions are similar to the highest
values found during the 1996 water year. For the 1996 water year, specific conductance ranged from 25 to
54 IlS/cm at site 49 near the mouth and from 19 to 53 IlS/cm at site 68 (Bostic and others, 1997, p. 329 and
334). Specific conductances also are the greatest during the low-flow periods oflate summer through fall
and the smallest during snow melt runoff in late spring to early summer.

Specific conductance of surface-water samples for the three Upper Truckee River water-quality sites from
early July through mid-December 1996, ranged from 17 IlS/cm at site 43 to 101 IlS/cm at site 17 (table 6).
Specific conductances for the three Trout Creek water-quality network sites for the same period ranged
from 31 IlS/cm at site 68 to 55 IlS/cm at site 57.

Specific conductance of ground-water samples for wells in the Upper Truckee River and Trout Creek
watersheds from mid-July through mid-December 1996, ranged from 94 IlS/cm at well 137 to 542 IlS/cm
at well 143 (table 7). As stated earlier, the water-quality results from well 143 may not represent the overall
ground-water conditions due 1'0 the proximity of the old Meyers landfill. The next highest value of specific

conductance is 305 ~S/cm at well 135. Specific conductances varied in only two wells between summer
and fall samples (fig. 11). Specific conductance did not appear to have any trend with respect to distance
from Lake Tahoe (fig. 11).

Water temperatures measured at streamflow sites in the Upper Truckee River watershed on September 23,
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1996, ranged from 4.5°C at site 14 to B.5°C in the lower reaches of the main channel at site 6 (table 3).
The main channel water temperatures generally increased in a downstream direction. Water temperatures

ranged from 6.0 to 9.5°C at the upper sites and ranged from 11.5 to 13.5°C at the lower sites. Water
temperatures can be affected by air temperatures, which ranged from 3.5°C'in the morning to 25.0°C in the
afternoon. Water temperature measured at streamflow sites in the Trout Creek watershed on September 26,
1996, ranged from 5.0°C at site 68 to l1.5°C near the mouth at sites 46 and 48. Water temperatures also
increased in a downstream direction with a range of 5.0 to 6.5°C in the upper reaches to 7.0 to l1.5°C in
the lower reaches. The air temperatures ranged from 9.5°C in the morning to 30.0°C in the afternoon.
Weather was clear and warm on both days of the seepage run.

Water temperatures for the six surface-water-quality sites in the Upper Truckee River and Trout Creek
watersheds ranged from 0.5°C at site 49 in early December to 16.0°C at site 6 in mid-July. Water
temperatures of ground water for the seven wells in both watersheds ranged from 8.0°C at wells 71 and 77
in late November and mid-December to 14.5°C at well 97 in mid-July. Ground-water temperatures varied
seasonally by more than a half degree Celsius at only three wells (fig. 10).

Values ofpH in surface water for the six sites for the Upper Truckee River and Trout Creek had a narrow
range from 6.6 at site 57 to 7.8 at sites 6, 17, and 43 (table 6). Values of pH in ground water for the seven
wells in both watersheds had a greater range from 5.5 at well 71 to 9.0 at well 80 (table 7). About 53
percent of ground-water quality sites had pH values from 6 to 8. Determination of the cause ofthis
variability is beyond the scope of this study. The variation of values between summer and fall samples
were small except for well 71, whicH varied by 1 pH unit (fig. 11). Values ofpH did not appear to have any
trends with respect to distance from Lake Tahoe (fig. 11).

Nutrient data collected from the six surface-water-quality sites for July through December 1996 are listed
in table 6. Nitrite plus nitrate (N02+N03) concentrations ranged from 0.002 to 0.036 mg/L. The N02+N03
concentrations are well below the USEPA drinking water standard of 10 mg/L (U.S. Environmental
Protection Agency, 1996). Ammonia nitrogen (NH4) concentrations ranged from less than the detection

limit of 0.001 to 0.013 mg/L. Kjeldahl (NH4 plus organic nitrogen) concentrations ranged from 0.04 to

0.51 mglL. Phosphorous (P) concentrations ranged from 0.014 to 0.241 mg/L. Orthophosphorus
concentrations ranged from 0.003 to 0.032 mg/L. Bioreactive iron (Fe) concentrations ranged from 45 to
2,650 IlgiL. Some of these extreme values were from samples collected during storms and are not
representative of normal flow conditions. Samples collected during storms were not used in the summary
statistic comparisons between surface- and ground-water quality in figure 6 because they were not
randomly collected.

Nutrient data collected from nine ground-water-quality sites in July through December 1996 are listed in
table 7. N02+N03 concentrations ranged fromO.002 to 3.24 mglL. Three samples, all from the Trout

Creek watershed, were greater than 1.8 mg/L, whereas, 75 percent of concentrations were below 0.76
mg/L. These N02+N03 concentrations are below the USEPA drinking water standard of 10 mg/L (U.S.

Environmental Protection Agency, 1996). Ammonia (NH4) concentrations ranged from 0.001 to 0.523

mg/L, with 75 percent below 0.2 mg/L. Kjeldahl (ammonia plus organic nitrogen) concentrations ranged
from less than 0.01 to 1.7 mglL, with two samples greater than 1.2 mg/L and 75 percent below 0.18 mglL.
Phosphorus (P) concentrations ranged from 0.018 to 0.101 mglL, with 75 percent below 0.06 mglL.

Phosphorus concentrations were lower in samples collected in the fall than in the summer at all wells.
Orthophosphorus concentrations ranged from 0.010 to 0.067 mglL, with 75 percent below 0.032 mglL.
Bioreactive iron (Fe) concentrations ranged from 4.3 to 8,800 Ilg/L, with 75 percent of samples having
concentrations below 32 Ilg/L. The highest values of the ammonia species of nitrogen nutriepts occurred in
one shallow observation well near the Truckee Marsh (well 71). Ground water from this well also had high
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concentrations of ammonia in the 1995 and 1996 water years (Bauer and others, 1996; Bostic and others,
1997). These high values probably are due to decomposition of organic material from the wetland.
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WRIR 00-4001
Surface- and Ground Water Characteristics in the Upper Truckee River and Trout Creek
Watersheds

SUMMARY AND CONCLUSIONS

Lake Tahoe is an outstanding natural resource and known for its deep, clear waters. Increased nutrient
concentrations within Lake Tahoe are considered the leading cause of algal growth and loss of clarity in the
lake. Surface- and ground-water discharge throughout the Lake Tahoe Basin are assumed to be significant
mechanisms for nutrient transport to Lake Tahoe. The Tahoe Regional Planning Agency has primary
responsibility for the environmental protection of Lake Tahoe with an emphasis on reducing the loss of
lake clarity in Lake Tahoe.

The Upper Truckee River and Trout Creek watersheds are the two largest watersheds and have the greatest
areas of urban land use within the Lake Tahoe Basin. In 1996, the USGS, in cooperation with TRPA, began
a study to improve the understanding of the surface-water and ground-water systems and their interactions
within the Upper Truckee River and Trout Creek watersheds.

The contribution of ground water to surface-water streamflow, the unit runoff, the general direction of
ground-water flow, and the comparisons of water quality from the surface-water system to the
ground-water system during a period of minimal snowmelt runoff for the Upper Truckee River and Trout
Creek watersheds were evaluated. Streamflow and water-quality data were collected at existing and
supplemental surface-water streamflow and water-quality sites and water-level and water-quality data were
collected at existing and supplemental ground-water sites.

Seepage estimates were determined for the Upper Truckee River and Trout Creek by measuring streamflow
at designated sites used to define reach segments. Seepage gains and losses were determined for the
selected reaches by subtracting the sum of the flow at the upstream end of the reach plus any tributary
inflows from the flow at the downstream end of the reach. Unit-runoff values were determined by
normalizing streamflow to contributing drainage-area size. Specific conductance and water temperature
were determined at the time of streamflow measurements to provide synoptic field water-quality conditions
for both watersheds.

Water levels were determined for wells within the study area and were used to produce a water-level
altitude, map, to determine directions of ground-water flow, and to determine hydraulic gradients.

Samples from six surface-water-quality and eight ground-water-quality sites were collected for nutrient
species and iron as well as the basic field measurements of specific conductance, pH, and water
temperature. Summary statistics for the chemical and field data were computed for surface- and
ground-water-quality sites.

Streamflows measured during the seepage run were during abase flow period for both the Upper Truckee
River and Trout Creek. All but 3 of the 13 streamflow measurement sites on the main stem of the Upper
Truckee River had measurable streamflow. The three dry sites were divergent branches of the main stem.
Forty-eight percent of the streamflow measurement sites that are tributary to the Upper Truckee River or
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along the tributaries were dry. All the streamflow measurement sites on the main stem of Trout Creek had
measurable flow. Only one of the streamflow sites measured in the Trout Creek watershed was dry. This
indicates that streamflows in the Trout Creek watershed are more perennial than those in the Upper
Truckee River.

The largest tributary inflow into the Upper Truckee River was from Grass Lake Creek, which accounted for
17 percent of the total flow near the mouth of the Upper Truckee River. The largest tributary inflow into
Trout Creek was Cold Creek, which accounted for 49 percent of the total flow near the mouth of Trout
Creek.

The Upper Truckee River has greater ground-water seepage contributing to its overall streamflow than
Trout Creek, while Trout Creek has greater tributary inflows contributing to its overall streamflow. Both
streams had a similar proportion of streamflow at their uppermost main stem sites (when computed as a
percentage of the most downstream sites). The total streamflow of the Upper Truckee River near its mouth
was 38 percent ground-water seepage to the main stem, 39 percent tributary inflows, and 23 percent was
the streamflow at the uppermost main stem site. The total streamflow of Trout Creek near its mouth was 4
percent ground-water seepage to the main stem, 76 percent tributary inflows, and 20 percent streamflow
from the upper most main stem site.

Both the Upper Truckee River and Trout Creek had streamflow that was gaining from ground-water
seepage in their upper reaches, both were steady or losing to ground-water seepage in their middle reaches,
and both were again gaining flow from ground-water seepage in their lower reaches.

Unit runoff values for the Upper Truckee River watershed were less than those of the Trout Creek
watershed. This was mainly due to the large contribution of flow from the Cold Creek tributary to Trout
Creek. The large unit runoff otthe Cold Creek tributary is assumed to be due to protracted snowmelt
resulting from the high percentage of north-facing aspect or due to the delayed release of ground water
from storage.

The median depth to water in the study area during this period was 12.7 ft below land surface with a range
of 1.33 to 69.85 ft below land surface. Depths to water were generally least in meadows and greatest in the
old Meyers landfill. Ground-water altitudes in the study area ranged from 6,190 to 7,250 ft and generally
mimicked the land-surface topography.

Ground-water in the study area generally flows parallel to surface water. In the upper reaches of both
watersheds, ground water flows towards the stream channels and in the middle reaches it flows parallel to
the main channels. In the lower reaches near Lake Tahoe, ground-water levels and the water level at Lake
Tahoe are nearly equal resulting in a very small hydraulic gradient. This suggests that ground-water
discharge directly to Lake Tahoe is minimal.

Hydraulic gradients in the study area varied greatly, ranging from nearly zero to 1,400 ft/mi upstream from
Highway 50. Hydraulic gradients were the greatest in upland areas and least near Lake Tahoe and along the
middle reaches of the main stems of both streams.

The specific conductance of surface water measured during the seepage study had a greater range in the
Upper Truckee River watershed than in the Trout Creek watershed and was generally greater in value also.
In the Upper Truckee River watershed, specific conductance ranged from 31 to 148 JlS/cm and in the Trout

Creek watershed it ranged from 43 to 92 JlS/cm. The specific conductance ofwater in the upper halfof the
main stem of the Upper Truckee River increased in the downstream direction and was consistent for the
lower half. The specific conductance for Trout Creek was consistent throughout the length of its main
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stem. This is likely attributed to the larger ground-water seepage component of total streamflow in the
upper half of the Upper Truckee River than in Trout Creek.

Specific conductance for surface water was much less than that of ground water and had a much smaller
range. Specific conductance for the six surface-water-quality sites for the period of study ranged from 17 to
101 IlS/cm. Specific conductance for the ground-water-quality sites for the same period ranged from 94 to
305 IlS/cm for wells that were considered representative of general ground-water conditions.

Temperature of surface water measured during the seepage study was generally lowest at upstream 'sites
and highest at downstream sites in both the Upper Truckee River and Trout Creek. The overall range was
4.5 to 13.5°C. Air temperatures ranged from 3.5 to 30.0°C during the seepage study.

Median values ofwater temperature for both surface water and ground water were similar. Surface-water
temperatures (0.5 to 16.0°C) had a significantly greater range than those measured in ground water (8.0 to
14.5°C).

Median values of pH for surface and ground water were similar; however, pH ranges for ground water (5.5
to 9.0) were significantly greater than those measured for surface water (6.6 to 7.8).

Concentrations ofnitrite plus nitrate, ammonia, and orthophosphorus were greater for the ground-water
samples than for the surface-water samples collected. Concentrations ofbioreactive iron were generally.
greater for ground-water samples than for surface-water samples. Both surface- and ground-water samples
had similar concentrations of phosphorous and kjeldahl (ammonia plus organic nitrogen). Ground water
typically had greater variation in nitrite plus nitrate, ammonia, kjeldahl, and bioreactive iron concentrations
than surface water. Surface- and ground-water samples had similar variations in phosphorous and
orthophosphorus.

The most important results of this study are that, even though the Upper Truckee River and Trout Creek
share many similarities in geology, vegetation, land use, and location, they had significantly different
characteristics with respect to their interactions with the ground-water system. In particular, 38 percent of
the streamflow ofthe Upper Truckee River near its mouth originated from ground-water seepage to its
main channel while that of Trout Creek was only 4 percent. Ground-water contribution to streamflow also
can be seen in the field measurement of specific conductance because ground water generally has greater
conductivity. At the upper sites of both streams, specific conductance values are similar. However, the
specific conductance increased in the downstream direction along the upper half of the Upper Truckee
River but remained relatively constant along the lower half of the main stem. Specific conductance

remained fairly constant for the entire length of Trout Creek.

Another important result is that during July to November 1996, the altitude of ground-water between Lake
Tahoe and Highway 50 was nearly the same as the lake-surface altitude. This suggests ground-water
discharge beneath the Upper Truckee River and Trout Creek drainages directly to Lake Tahoe was minimal
and that much of the ground-water discharge was to the channels of the Upper Truckee River and Trout
Creek upstream from Highway 50.
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Figure 1. Location of Lake Tahoe Basin and Upper Truckee River and
Trout Creek watersheds, California and Nevada.
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Figure 2. Locations of roads, streams, and general surficial geology,
Upper Truckee River and Trout Creek watersheds, California.
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Figure 3. Streamflow measurement sites, Upper Truckee River and Trout
Creek watersheds, California, September 1996.
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Figure 4. Locations of well sites and general surficial geology, Upper
Truckee River and Trout Creek watersheds, California, September 1996.
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Figure 5. Water-quality field measurements for surface- and ground-water sites, Upper
Truckee River and Trout Creek watersheds, California, July-December 1996.
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Figure 6. Nutrient concentrations for surface- and ground-water sites, Upper Truckee River and
Trout Creek watersheds, California, July-December 1996.
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Figure 7. Streamflow for the Upper Truckee River at South Lake
Tahoe, California, and for Trout Creek near Tahoe Valley, California,
and daily precipitation below Fallen Leaf Lake, California, 1996 water
year. (Precipitation data courtesy of National Resource Conservation
Service.)
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Figure 8. Cumulative streamflow gains and losses for Upper
Truckee River and Trout Creek, California, September 1996.
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Figure 9. Water-level changes in wells 73 and 131 in Upper
Truckee River and Trout Creek watersheds, California. (Data
courtesy of California Department of Water Resources.) Locations
of wells is shown on plate 1.
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Figure 10. Relation between distance from Lake Tahoe and
specific conductance for surface-water-quality monitoring sites on
Upper Truckee River and Trout Creek, California, September
1996, as listed in table 4 ..
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Figure 11. Field ground-water-quality
measurements, Upper Truckee River and Trout
Creek watersheds, California, July-December
1996. Sites are listed with increasing distance
from Lake Tahoe from left to right.
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Surface- and Ground Water Characteristics in the Upper Truckee River and Trout Creek
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Table 1. Periods of record for daily streamflow, water-quality, and suspended-sediment data at c
Geological Survey gaging stations and sampling sites for Upper Truckee River and Trout Creek \

Water quality: NUT, instantaneous nutrient samples; se, daily specific conductance; WT, daily water temperature.
Suspended sediment: DAILY, daily suspended sediment; INST, instantaneous suspended sediment discharge.
[Abbreviation: USFS, U.S. Forest Service]

Sitell I~ I I

J~~~).l... Site name . __ ._ _ _..JL.~~~i~;r_ J._ s~~~a~~ow J.
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Table 3. Streamflow and water-quality data for streamflow sites in
the Upper Truckee River and Trout Creek watersheds, California,
September 1996

[Abbreviations and symbol: ft3/s, cubic feet per second; J.1S/cm, microsiemens per
centimeter at 25 degrees Celsius; ft3/s/mi2, cubic feet per second per square mile; --, not
measured]
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Table 4. Streamflow measurement data and seepage estimates for designated main-stem reach
in the Upper Truckee River and Trout Creek, California, September 1996

[Abbreviations and symbol: n3/s, cubic feet per second; n3/s/mi, cubic feet per second per mile; nd, streamflow not determined; .
not applicable]

I Reach I Flowat i I I I I !

Reach I Tributaryl
Estimated i I Estimated gain (.

segment Ibeginningl
Flow out Percentl

ground-water! Reach ! or loss (.) per
numberl (between flows Iof reach changel

seepage! designation~i unit lengthI I o~f~~~~h i(~I site (ft3/s) I (ft3/s) in flow1j I
(ft3/s/mi).4(ft3/s)~ I i

n~~bers) ! i.. .. - -~ ~~~'. .. .. - --~ -- y .~-"
.. ,

1. Percent change in flow determined as difference between flow out of reach and sum of flow at beginning of reach and all
tributary flows.

2. Ground-water seepage is difference between flow out of reach and sum of flow at beginning of reach and all tributary flows.
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3. If percent change in flow is greater than 5 percent, then reach is designated as gaining (gaining flow from ground-water
seepage into reach). Ifpercent change in flow is less than -5 percent, then reach is designated as losing (losing flow to
ground-water seepage out of reach). If percent change in flow is greater than -5 percent and less than 5 percent, then reach is
designated as steady (no change in flow due to ground-water seepage).

4. Gain (+) or loss (7) is estimated ground-water seepage divided by length of reach (see table 2 for river mile designations).
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Table 5. Selected characteristics of ground-water monitoring sites in Upper Truckee River and TJ

Land-surface altitude uncertainties:
this region is 40 feet for altitudes greater than 6,280 feet with a supplementary contour interval of 20 feet for altitudes less than 6'
Site status: D, dry well; F, flowing well, but head was not measured; P, well being pumped; R, well pumped recently; S, site is a
level measurement represents static level. Water level may represent local conditions only.
Method: S, steel tape; T, electric tape; 0, observed in field.
[Symbols: --, unknown; <, less than; >, greater than]

Well
no.

(2L1)

U.S. Geological
Survey site

identification
number!

Local
identification number~

I
J .._._........ _............. _. _.. )_. _, _
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(fl
S
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1 Sites are identified by standard U.S. Geological Survey identification number, which is a unique number
based on grid system oflatitude and longitude of the site. Number consists of 15 digits: First six denote
degrees, minutes, and seconds oflatitude; next seven denote degrees, minutes, and seconds oflongitude;
and last two digits (assigned sequentially) identify sites within I-second grid. For example, site
385816119563001 refers to 38° 58' 16" latitude and I19? 56' 30" longitude, and is first site recorded in that
I-second grid. If more precise latitude and longitude subsequently are determined, initial site-identification
number is retained.

2 Locations are assigned using a grid system referenced to Mount Diablo base line and meridian for official
rectangular subdivision of public lands. Location consists of four units: First unit is the hydrographic area
number (Rush, 1968), Second unit is township, preceded by N or S to indicate location north or south of
base line. Third unit is range, preceded by E to indicate location east of meridian. Fourth unit consists of
section number and letters designating quarter section, quarter-quarter section, and so on (A, B, C, and D
indicate northeast, northwest, southwest, and southeast quarters, respectively), followed by number
indicating sequence in which site was recorded. For example, well 90 NIl E18 21BDBB1 is in the Lake
Tahoe Basin (hydrographic area 90). It is the first site recorded in the northwest quarter (B) of the
northwest quarter (B) of the southeast quarter (D) of the northwest quarter (B) of section 21, Township 11
North, Range 18 East, Mount Diablo base line and meridian.

3 Ground-water-quality sites used in this study.

4 Water levels in parenthesis are pumping levels and probably do not represent static water level. Pumping
levels were used as a lower boundary for static water level on plate 1.
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_USGS
WRIR 00-4001
Surface- and Ground Water Characteristics in the Upper Truckee River and Trout Creek Watersheds

Table 6. Water-quality data for selected streamflow sites in Upper Truckee River and Trout Creek watersheds, California, July­
December 1996

[Abbreviations: ft3/s, cubic feet per second; mg/L, milligrams per liter; liS/em, rnicrosiemens per centimeter at 25 degrees Celsius; °c, degrees Celsius; USFS, U.S. Forest Se '"
Symbol: --, not determined] '136~11 l-
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WRIR 00-4001
Surface- and Ground Water Characteristics in the Upper Truckee River and Trout Creek Watersheds

Table 7. Water-quality data for ground-water monitoring sites in Upper Truckee River and Trout Creek watersheds, California,
July-December 1996

[Abbreviations: rP/s, cubic feet per second; mg/L, milligrams per liter; Ils/cm, microsiemens per centimeter at 25 degrees Celsius; 0 C, degrees Celsius)
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Stream and Ground-Water Monitoring Program,
Lake Tahoe Basin, Nevada and California ~USGS

science for" Chnl/ljil/[j world
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U.S. Department of the Interior-U.S. Geological Survey

Lake Tahoe, March 1995; northward view of Incline Village area, from near Sand Harbor,
Nevada. Photograph by Timothy G. Rowe, U.S. Geological Survey.

Lake Tahoe has long been admired for its alpine setting and the clarity
of its water. During the last half-century, however, human activity in the
lake basin has increased while the lake has been losing water clarity at a
rate of about I foot (ft) per year. The Tahoe Regional Planning Agency
(TRPA), the U.S. Geological Survey (USGS), and the Tahoe Research
Group of the University of California, Davis (TRG) are monitoring loads
of sediment and important nutrients flowing into the lake from the streams
and ground-water
aquifers in the basin.
This fact sheet
provides an overview
of that monitoring
program and
summarizes some of
the results regarding
loads of sediment and
nutrients to the lake.

Basin Geography

The basin is
surrounded by
mountain peaks of
the Sierra Nevada to
the west and the
Carson Range to the
east (fig. I). The lake
is renowned for its
deep, clear water
which, on sunny
days, appears to be
cobalt-blue. The Lake
Tahoe Basin was
formed by downward
block faulting during
the uplift of the Sierra Nevada 2-3 million years ago, which resulted in
dramatic topographic relief. Mountain peaks, snow capped nearly year­
round, rise to altitudes above 10,000 ft above sea level. Lake Tahoe, 1,646
ft deep, is the second deepest lake in the United States and tenth deepest
in the world. It has an average lake-surface altitude of about 6,225 ft.

The Lake Tahoe Basin is 506 square miles (mi2). The surface area of
the Lake is 192 mi2, and the watershed area is 314 mi2. Most of the land
in the basin is mountainous, limiting development mainly to relatively f1at­
lying areas along tributary streams, such as the southern part of the basin
within the Upper Truckee River and Trout Creek Basins. About 78
percent of the basin is at altitudes from about 6,500 ft to greater than
10,000 ft. This altitude range, combined with other factors such as
prevailing storm systems from the Pacific Ocean, causes an unequal
distribution of precipitation throughout the basin. More than 80 inches per
year (in/yr) of precipitation, mostly as snow, falls on the western side of
the basin, whereas about 30 iniyr falls on the eastern side.

Since 1874, the outflow of Lake Tahoe into the Truckee River has
been regulated by a dam at Tahoe City, Calif. The current dam was built
by the Bureau of Reclamation in 1913 to provide irrigation water for the

Newlands Project in the Fallon, Nev., area. The upper 6 ft of the lake
forms the largest storage reservoir in the Truckee River Basin, with an
effective capacity of 745,000 acre-feet (acre-ft), about 0.6 percent of the
estimated 122 million acre-ft in the lake. The dam is operated by the
U.S. District Court Water Master under a complex set of legal agreements
and operating rules to maintain levels between a maximum altitude of
6,229.1 ft and the altitude of the natural rim (6,223 ft). During droughts the

lake level can fall
below the rim, and
during wet years
the lake level can
rise higher than the
legal maximum.
Since 1987, the
lake levels have
fluctuated from
6,220.26 ft (about
3 ft below the rim),
during a prolonged
drought in 1992, to
6,229.39 ft (about
0.2 ft above the
legal maximum),
during the flood of
January 1997.

The Lake Tahoe
Basin is divided
by the Nevada­
California State
line, with about
one-third of the
basin in Nevada
and two-thirds in
California. The

location of the basin, about 150 miles (mi) from the San Francisco Bay
area and 90 mi from the Sacramento Valley, makes a wide variety of
recreational opportunities available to a population of about 8 million.
Major recreational activities within the basin include casino gaming in
Nevada, alpine and cross-country skiing, golfing, water sports, hiking,
fishing, camping, and bicycling.

History of Environmental Regulation

Until its "discovery" in 1844 by General John C. Fremont, the basin
was occupied by the Washoe Tribe who had hunted and fished there for
centuries. Upon discovery of gold in the South Fork of the American River
in 1848, thousands of west-bound gold seekers passed near the basin on
their way to the gold fields. "White-man's" civilization first made its mark
in the Lake Tahoe Basin with the 1858 discovery of the c.;omstock Lode,
just 15 mi to the east in Virginia City, Nev. From 1858 until about 30
years later, logging in the basin supplied large timbers to shore. up the
underground workings of the Comstock mines. The logging was so
extensive that almost all of the native forest was cut. In 1864, Tahoe City
was founded as a resort community for Virginia City, the first recognition
of the basin's potential as a destination resort area.



Pu1;Jlic appreciation of the Tahoe Basin grew, and during the 1912,
1913, and 1918 congressional sessions, unsuccessful efforts were made to

designate the basin as anational park. During the first half of this century,
development around the lake consisted of a few vacation homes. The post­
World War II population and building boom, followed by construction of
gambling casinos in the Nevada part of the basin during the mid-1950's,
and completion of the interstate highway links for the 1960 Squaw Valley'
Olympics, resulted in a dramatic increase in development within the basin.
From 1960 to 1980, the permanent resident population increased from
about 10,000 to greater than 50,000, and the summer population grew
from about 10,000 to about 90,000.

Increased development included urbanization of wetland areas that
had formerly served as zones for retention of sediments and nutrients
(nitrogen, phosphorus, and iron); development on steep mountain sides
with consequent sediment erosion; discharge of septic and sewage systems
within the basin; and increased airborne nutrients from automobile
emissions and wood-burning stoves.

By the 1950's, evidence was mounting that the clarity of the lake
was decreasing. Concerns about the effects of sewage effluent and septic­
system leakage on stream and lake quality led to fonnation of the Lake
Tahoe Area Council (LTAC) which, in a historic decision, acted to
develop a basin-wide sewage-collection system by which the effluent
would be exported from the basin, primarily to other areas in Douglas
County, Nev., and in Alpine County, Calif. During this time, researchers
of TRG documented increases in algal growth and decreases in lake
clarity. It was suspected that development was increasing transport of
nutrients to the lake, thus stimulating growth of algae.

In 1969, at the joint request of the States of California and Nevada,
TRPA was chartered by Federal law under an Interstate Compact. TRPA

Lake Tahoe, Se~tember 1996; eastward v w from Rubicon Poi I

California. Phot9graph by Timothy G. Rowe, U.S. Geological rvey.
.:. ~

Sampling water quality at Incline Creek, January 1993.
Photograph by Rita Whitney, U.S. Geological Survey.

was fonned as a bi-state agency to better manage and regulate land use
and development to protect the lake and the natural resources of the basin.
The first two decades ofTRPA's management focused on development and
application of land-use regulations. In the early 1990's, the agency shifted
focus from regulation to science-based environmental management and
decision making.

LTIMP Cooperative Monitoring Program

In 1978, the Lake Tahoe Interagency Monitoring Program (LTIMP)
was formed. This group included collaborative monitoring and research
efforts among TRPA, USGS, TRG, U.S. Forest Service, California State
Water Resources Control Board (CSWRCB), Lahontan Regional Water
Quality Control Board, California Department of Water Resources
(DWR), California Department of Transportation, California Air
Resources Board, California Department of Fish and Game, Nevada
Department of Environmental Protection, and U.S. Environmental
Protection Agency (EPA). The combined resources of LTIMP have
contributed significantly to the body of literature and hydrological and
limnological data available for the Lake Tahoe Basin.

Although early concerns focused on suspended-sediment and nutrient
transport to the lake by streams, potential nutrient contribution by ground
water became recognized in the late 1980's. Suspected sources included
abandoned septic systems, golf courses, organic-rich stream deposits, and
contaminated surface-water infiltration into ground water.

In 1982, TRPA adopted Resolution No. 82-11, which includes
environmental thresholds for the Lake Tahoe Basin. Among those
thresholds is "Water Quality 4," which establishes standards for total
nitrogen, soluble inorganic nitrogen, total phosphorus, soluble phosphorus,
total iron, and suspended sediment in tributary streams.

TRPA also adopted "Water Quality 6," a threshold that establishes
standards for total nitrogen, total phosphorus, total iron, turbidity, and
grease and oil in surface discharge to ground water.

These thresholds provide the basis for the current program for stream
and ground-water monitoring operated cooperatively by TRPA, USGS,
and TRG. Since 1988, funding for this program has been shared equally by
TRPA and USGS, with additional support and services provided by TRG.

The California part of Lake Tahoe is designated by EPA as an
Outstanding Natural Resource Water, which provides that no further
degradation of Lake Tahoe can be allowed. All reasonable, cost-effective,
best-management practices for nonpoint source control are required. Under



Figure 1. Geographic setting, hydrologic basins, bathymetry, and surface-water and ground-water
monitoring sites in the Lake Tahoe Basin.
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Figure 2. Daily mean discharge for Incline Creek during
)1996 water year, representative of streams in the Lake Tahoe Basin.

·~Sada Pollution Control Regulations, the Nevada part of Lake Tahoe has
~esi~ated beneficial use as a water of extraordinary ecological and/or

etic'value, which is also a nondegradation standard (Adelle Basham,
~da;bepartment of Environmental Protection, oral commun., 1997).
ough no specific monitoring program has been implemented within
ba~in to meet all the requirements of these policies, regulatory agencies
up~~ LTIMP data in implementation of their programs.

I':;l
:',
;

iIi! 1979, the LTIMP stream-sampling network began as a cooperative
.' ort of the CSWRCB, DWR, USGS, and TRG, The objectives of this

.' ork are to acquire and disseminate the water-quality information
sary to support science-based environmental planning and decision

,g in the basin. Seven major tributary streams were monitored for
amflow and suspended-sediment and nutrient contribution to Lake
ce. By 1987, decreases in funding had reduced the network to four
allis in California: General, Blackwood, and Ward Creeks, and Upper
lF~et; River.

:1987, TRPA and USGS provided funding to expand the program
'add,ingfour Nevada tributaries. By 1993, the LTIMP network
~d'rxpanded to 32 sites in 14 basins (fig. I). Of the 32 sites, 20 have
pording streamflow gages. The 14 basins total 157 mi2, or about half of
.yntrre basin tributary to Lake Tahoe. The largest basin monitored is the

er Truckee River Basin (56.5 mi2, 18 percent of the total drainage to
llk't:); the smallest is the First Creek Basin (1.08 mi2).

Qutine and storm-based monitoring is done to provide data for
. ari~ons between spring runoff, storm-generated runoff, and base­
'\lIid for estimating suspended-sediment and nutrient transport.

jisons can be made among the 14 monitored basins. Monitoring
.at the mouths of the basins measure loads to the lake and provide
,r comparisons of the effects of the differing geology, soils, and

.'~~s on those loads. Eight of the basins also have internal sampling
".~.'to·allow for comparisons of the effects of upstream and down-
'Mmd,uses. .

e;~~atest transport of sediment and some associated nutrients occurs
~'high flows caused by storms and snowmelt. To quantify transport
~'sllch events, individual samples must be collected as the stream­
;tj~,¢"jJeak, and recede. A timely and steady field presence in the
d~.ringstorms is required to accomplish this. During runoff
°Ting,'USGS field crews frequently collect hydrologic data late into

t and on weekends and holidays to meet the program objectives.

Tributary monitoring includes field measurement of streamflows,
temperature, pH, dissolved oxygen, and specific conductance; and
laboratory measurement of major nutrients (dissolved nitrate and nitrite,
dissolved ammonia, total ammonia and organic nitrogen, dissolved
orthophosphorus, total phosphorus, and total iron) and suspended
sediment. These measurements are necessary to determine whether the
environmental thresholds for the basin are being exceeded and to provide
long-term data that can be used to determine suspended-sediment and
nutrient loads to the lake.

Depth-integrating and equal-width-increment sampling techniques are
used for suspended-sediment and nutrient sampling. Suspended-sediment
analyses are made by the USGS California sediment laboratory in Salinas,
Calif. Nutrient analyses are done at TRG laboratories in Tahoe City and
Davis, Calif. The streamflow gages are operated by USGS personnel from
the Carson City, Nev., and Carnelian Bay, Calif., field offices. LTIMP data
are entered in national USGS data bases and published every year in
USGS California and Nevada Water Data Reports.

Ground-Water Monitoring Network

In 1990, USGS and TRPA established a ground-water monitoring
network with 32 sampling sites (fig. I) to provide a long-term data base
on ground water. Previous ground-water studies found concentrations of
nitrogen, phosphorus, and iron to be greater in ground water than in the
lake. These studies indicated the need to beller describe ground-water
quality and rates of ground-water flow into the lake.

Field measurements of water from wells include temperature, pH,
dissolved oxygen, specific conductance, and water level. Laboratory
measurements of dissolved nutrients, including iron, are made. Ground­
water samples are obtained by pumping long enough to remove stagnant
well water before sampling.

Monitoring Results

The monitonng provides scientific data on stream discharge and quality
and ground-water levels, quality, and flow paths. Selected results are
described below.

The hydrograph of daily mean discharge for Incline Creek (fig. 2) for
1996 shows a seasonal pattern that is typical of streams in the Lake Tahoe
Basin. Most runoff is during the April through June snowmelt period.
Sharp peaks represent fall rains, rain-on-snow storms, and summer thunder
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Figure 3. Mean daily discharge for Incline Creek, 1988-97 water
years, representing years of drought and above-normal runoff.



'DO

0.1

'0

0.01

1,000

'DO

10

1,000

'0

0.1

0.01

0.01

0.1

10

,0

0.1

0.01

1,000

'00

10 MILES
I

I
10 KILOMETERS

c",.-'r=---T'-----'r--'T=--... , 0,000

120° 15'

10

0.1

General Creek

100rr;:~rr-..:;";::.·--":r"'-::;":..·---::";:.'---,

0.01 ===---'--"--'-=---'0.01

o
I
o

18° 45'

19° 15'

19° 00'

EXPLANATION

Base from U.S. Geological Survey digital data, 1:24,000 and 1:100,000. 1969-85
Universal Transverse Mercator projection, Zone 11

-90th Percentile

'~" - 75th Percentile
.;.:;,-M dis
.!X, -25th Percentile

-10th Percentile

•

- .. - BoundaryIf-take Tahoe Basin

_.._00- Bounda1 ?f hydrologic basin­
Select~d streams shown for
study basi••s~ _

Figure 4. Instantaneous suspended-sediment and nutrient loads depicted by box plots for
selected surface-water monitoring sites in the Lake Tahoe Basin,



Measuring streamflow at Third Creek, May 1993.
Photograph by Timothy G. Rowe, U.S. Geological Survey.

The longer term hydrograph (fig. 3) for Incline Creek for the 9-year
period of record clearly shows the effects of drought (water years 1988-92
and 1994) as compared to years in which runoff was above normal (1993,
1995, and 1996). The mean daily discharge for the 9 years is 6.38 ft3/S.

The highest mean daily discharge (15.4 ft3/s) was in 1995 and the lowest
(2.51 ft3/s) in 1992. The average annual runoff for the period of record is­
5,160 acre-ft. Among the 14 basins monitored, the Upper Truckee River
has the highest average runoff (101,500 acre-ft) and Logan House Creek
(330 acre-ft) the lowest. Instantaneous suspended-sediment and nutrient
concentrations are highest during summer thunderstorms and rain-on-snow
storms, but overall loads are greater during spring runoff.

Calculations for measured loads of suspended sediment and nutrients
are shown for 10 tributary watersheds in figure 4. As many as 368 analyses
for a given variable are included. For each,basin, "boxplots" are shown
summarizing sampled loads for five selected constituents. For each
constituent, the box shows the range in load for 25-75 percent of the
samples. The median value (half the samples were less than this value
and half were more) is indicated by the horizontal line through the box.
The vertical lines above and below the box extend from the 10th percentile
(only 10 percent of the samples were lower) to the 90th percentile (only 10
percent had higher values). For example, of the 307 suspended-sediment
samples from the Incline Creek site, half (154) had loads between 0.11 ton
per day (ton/d), the 25th percentile, and 3.1 ton/d, the 75th percentile. The
range from 0.032 to 14 ton/d represented 80 percent of all samples (10th to
90th percentile). The median value was 0.61 ton/d.

The Upper Truckee River had the largest load of suspended sediment
and all nutrients. This is because the Upper Truckee River Basin is the
largest basin and contributes the most flow. The Logan House Creek Basin
contributes the smallest sediment and nutrient loads. Watersheds on the
western side of the basin (California) of the lake have higher loads of
sediment and nutrients than the sites on the eastern side (Nevada) due to
smaller drainage areas and less precipitation on the eastern side.

Summary and Conclusions

Lake Tahoe has long been admired for the clarity of its water and
majestic mountain setting. Human activity in the basin has accelerated the
decline in clarity and quality of this pristine lake. Resource-management
agencies, such as TRPA, need long-term water-quality data to assess the
effectiveness of both current and new projects and regulations. Since 1987,

the LTIMP has been monitoring the water quality of surface-water and
ground-water flow tributary tp Lake Tahoe. Additional data are necessary
to provide the basis for reliable quantification of nutrient loads to the lake
from ground water. Additional scientific data and interpretation are
essential for water managers to prioritize their efforts for the most
effective protection of Lake Tahoe.

-Carol J, Boughton. Timothy G. Rowe, Kip K. AI/ander, and Armando
R. Robledo
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TRPAseeks­
nearlyS1M
lor pollution
study at lake I
Aquatic life:
Research looks
at combustion
byproduct.
By .Ieff DeLong
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1'~;.' ;t; ;·;. ..;~1}
Determining che threat

posed to Lake Tahoe's
aquatic animals from a
combustion byproduct that
reacts with sunlight is a mil­
lion-dollar question.

That's nearly how much
money the Tahoe Regional
Planning Agency and scien­
tists are seeking to study
polycyclic aromatic hydro­
carbons, or PAHs - the
biggest unknown when it
comes to assessing dangers
posed by gasoline pollution
at Tahoe and other bodies
of water.

TRPA is. seeking
$975,000 to study the prob­
lem over the next few years,
most of it from the $1.9 bil­
lionwater bondapproved by
California voters last
March. Studies funded by
the money would help ad­
dress the many questions
concerning PAHs, which are
believed to be dangerously
toxic to aquatic animals at

concentrations as incredibly
low as parts per trillion.

"This is the time and the
place to do it," said Glenn
Miller, a researcher from
University ofNevada, Reno
whospentmuch oflastsum­
merstudyingthe issue.With
all the actention focused on
motorized watercraft and
resulting pollution at
Tahoe, Miller said expand­
ed studies into PAHs at the
landmark Sierra lake could
~roduce nationwide bene-
fit. .

PAHs consist of more
than 100 different organic
compounds that are creat­
ed from incomplete com­
bustion, including emis­
sions from watercraft.
Some PAHs react with sun­
light to harm aquatic ani­
mals with what amounts to
a dangerous case of sun­
burn.

TRPA's 1999banondirty
two-stroke engines used by
older models ofJet Skis and .
many outboard motor­
boats has dramatically re­
duced the amount of many
gasoline pollutants found
in Lake Tahoe, including
toluene and the fuel addi­
tive MTBE,a suspecte;d car­
cinogen.

See LAKE on 6C

c_.._..



LakelWater's
clarity may
make it more
·vulnerable
to pollutants
From 1C

But Miller and others suspect
that cleaner engines won't de­
crease the amount of PAHs dis­
charged into the lake. Early stud­
ies into the matter conducted at
LakeTahoe in 1997byJames Oris
ofMiami (Ohio) University found
that some PAHs combined with
sunlight to kill zooplankton and
stunt fish growth.

And the problem could be par­
ticularly acute at Lake Tahoe,
where the high altitude and re- .
markably clear water combine to
allow sunlight to penetrate for far
greaterdepths than most bodies of
water.

"We don't know what the eco­
logical impacts are. We do know
the chemicals are there and they
can be extremely toxic," Miller
said.

It's believed PAHs can be toxic
in concentrations ranging from 5
to 20 parts per trillion, what TR­
PA water quality specialist Jon
Paul Kid called "extremely small
concentrations." Sampling at
Lake Tahoe this summer found

Source: Jam•• T. Ori., Miami University ot Ohio

some areas in mid-lake with no
PAH contamination. At the Tahoe
Keys in mid-August, PAHconcen­
trations of 12 parts per trillion
were found. .

'-It may not take that much dis­
charge for this to be a problem,"

Kiel said.
Miller is confident most of the

PAHs found in Lake Tahoe are
associated with motorized wa­
tercraft but there are other po­
tential sources, ranging from
chimney smoke to controlled

Reno GalOne-Joumal

burning and wildfires. Expanded
studies would help address that
issue.

"We need to continue to study
this stuff," said Juan Palma, TR­
PA's new executive director. "This
topic is extremely critical."

~11;"n 1~ the largest ever recieved by den~ri---
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Water Quality Monitoring
Water samples were collected at seven monitoring stations throughout the year from

three creeks that drain the resort. Runoff sampling began March 18 and continued weekly
through June 10 at Edgewood Creek and through July 9 at Heavenly Valley Creek. Routine
samples were analyzed at the Forest Service laboratory for specific conductivity, turbidity,
suspended sediment, total nitrate/nitrite, total phosphorus, and dissolved orthophosphorus.
Samples were also sent to Sierra Environmental Laboratories and Lahontan Regional Water
Quality Control Board's (Lahontan) laboratory for total Kjeldahl nitrogen and chloride analysis.
Three samples from each parking lot station were also analyzed during runoff and storm events
for oil and grease, total iron, and total lead. Quarterly reports were prepared and submitted to
Heavenly, Lahontan, U.S. Army Corps of Engineers, Tahoe Regional Planning Agency, and
Nevada Division of Environmental Protection staffs in June, July, and October.

Heavenly's Environmental Monitoring Program was initiated in 1995 to assess the state of
water, vegetation, and soil resources at the ski area. The program is intended to monitor
changing conditions as a result of management activities. Details are outlined in Chapter 7,
Section 6, of Heavenly Ski Resort Master Plan. This is the third annual report which summarizes
monitoring accomplished at Heavenly Ski Resort by theUSDA Forest Service during 1997.

Four major emphases are identified in the monitoring program as critical to understanding
environmental conditions at the ski area. Water quality monitoring.began at Heayenly in 1981,
with data illustrating cumulative effects of management on streams.. Effective soil cover
measurements are used to estir:nate erosion prevention as well as energy, and nutrient cycling
capabilities. Best management practices (BMPs) are intended to inhibitsoil movement and ,
stream sedimentation, thus evaluating permanent and temp6rarymeasures indicates those
practices that are most effective. Finally, riparian areas tend to .pe.:rriore, sensitive to management
than uplands, so condition ratings are indicative of overall watershed stability ~ " '.

Eacht;mphasis area is discu'ssed individually by: chapter.:' Chapter 2 is an annual review,
afwater quality constituents measured at three'cr~eks:withihthe.resort.'~ Chapter 3 discusses "
results of various soil cover monitoring efforts.:. Chapter 4 sl:lmmatizesBMPs evaluations as·
implemented during restoration, maintenance, new construction, ,and at existing structures.
Chapter 5 reports' riparian and channel condition at Daggett and' Edgewood Creeks, as well as
changes from last year at Heavenly Valley Creek. Chapter 6 summarizes all monitoring by
noting the general environmental conditions at the resort. All chapters describe survey locations,
measured parameters, results and discussion of data collected to this point, general conditions
and trends, and management recommendations.
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Effective Soil Cover Monitoring
Soil protective cover was quantified on runs, roads, and undeveloped areas. Fifteen ski

runs, with 110 segments identified in the original eWE, were randomly selected and
reevaluated. Additionally, fixed plots were established on 20 ski runs and 5 undeveloped sites
for long-term monitoring. Nineteen abandoned road segments were evaluated for cover and
management recommendations.

Best Management Practices Effectiveness Monitoring
Temporary and permanent best management practices (BMPs) were monitored at many

sites throughout the resort. New construction, associated with Tamarack lift, snowmaking, and
electric lines, was inspected weekly for adequate temporary BMPs.· Some permanent BMPs were
installed at these sites and will be monitored next year. PermanentBMPs that were not installed
due to time and ~eather constraints are scheduled· for implementation next year. All other
construction, restoration, and maintenance sites requiring soitdistUrbance were monitored for
appropriate BMPsthru project completion. Some of these pr~jects inCluded adding BMPs to'35
road segmen~and obliterating 22 others. Existing BMPsweH~~'evafuated at 20 structures,
including, ei'ghtlifts; two 'lodges, five maintenance/patrol faciliii.es\ dn~ parking lot, one' .

. s~owmaking b~ildjng, and three miscellaneous sites. ' L,.·· .' . .~•.

Riparian Condition Monitoring
Riparian and stream channel evaluations were completed for three creeks. All reaches of

Daggett and Edgewood Creek, within the ski resort boundary, were rated for general condition
using the Pfankuch method. The two permanent stream channel inventory (SCI) reaches
installed in 1996 were measured again this year to detect changes in channel cross-sectional area.

Condition and Trend
This chapter summarizes results from all monitoring, formal and informal, to illustrate

the general environmental condition of the resort. Conclusions stated here only represent
observations from 1997. A comprehensive report to be compiled in 2000, will quantify condition
and trend as compared with baseline data collected in 1991.

y
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WATER QUALITY

Water quality is measured at three creeks that drain the ski resort. Samples from'
Heavenly Valley, Heavenly Parking, and Edgewood Creeks were collected throughout 1997 to
monitor specified constituent levels. Heavenly Valley and California Parking Lot Creeks are
regulated through a wastedischarge permit from the California Water Quality Control Board,
Lahontan Region. Edgewood Creek'.is administered by the Nevada Department ofBrivironmental
Protection. Five of the seven stations on these creeks are classified as generaLforest: sites,: '
monitored for discharge, 'specific conductivity, turbidity, suspended sedirru;mt,' total nitrite/nitrate,
total Kjeldahl nitrogen, totat nitrogen; soluble reactive phosphorus, total.phosphorus, and
chloride: The other two stations are .located below parking lots, thus in' additioIl' to the .. ;. '
constituents listed above, oil and grease, total iron,and,totalleadare also nieasur:ed periodically.

One reference stream outside the resort is also m'onitored arid used'as a comparison for
Heavenly Valley Creek. Hidden Valley Creek drains anundeveloped watershed south of the

, ,

resort. This watershed is similar in size,geology, and soil type to Heavenly Valley Creek, thus
data collected here provides good baseline information. Samples are collected at Hidden Valley
Creek from the runoff period in March through snowfall in November. The samples are analyzed
for the same constituents as the other forested sites on Heavenly Valley Creek. .

Among all stations, 160 samples were obtained during 1997. Collection took place once
.monthly during baseflow and weekly during spring runoff Precipitation during the past year was
above average, with a greater than average proportion falling as rain. Spring runoff proceeded
normally with both warm and cool periods melting the snow slowly. Most of the snow
throughout the resort had completely melted by the end of July. Summer rain and
thundershowers were more common this year producing storms ofvarying intensity, yet not
exceeding one:-inch during any single event.

Water samples were analyzed in the field, at the Forest Service water lab, and at Sierra
Laboratories in Reno. Sampling and analysis procedures are explained in Chapter 7 of the
Heavenly Ski Resort Master Plan. Constituent values measured during 1997 are reported for
each sample and station, with monthly and annual averages also computed. California and
Nevada state standards apply to individual constituents and are evaluated based on annual mean,
single event, or 90th percentile rating, as specified. Creeks are discussed individually, followed by
tables displaying full data sets for the respective stations.
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Data collected from Heavenly Valley and Hidden Valley Creek stations are reported
together to show a comparison between developed and undeveloped watersheds. The largest
stream draining the California side, Heavenly Valley Creek originates from springs at the high
elevations to flow through the resort, undeveloped forest, and housing tracts before merging wit)
Trout Creek. Four stations have been established on the creek, including HV-CIA Sky Meadow
(elev. 8.560 ft.), HV-Cl Undisturbed Tributary (8,240 ft.), HV-C2 Below Patsy's (8,020 ft.), anc
HV-C3 Property Line (6,620 ft.). A map of these locations may be found in Chapter 4, map 4.1­
4, of the Heavenly Ski Resort Master Plan Environmental Impact Statem~nt. The watershed
covers approximately 1,639 acres to the Property Line station, and main channel is ahout3.0
miles long to this point. ' , .

Hidden Valley Creek originates from springs below Freel Peak (T.i2N~R. 18 E, S. 24),
approximately,3.5 miles south of the Heavenly Valley Creek watershe4~'Theteis' ore monitoring
station established on the creek;:43~H5Baseline Station (6,680 ft.) .. tbis station is 'about 0.15
miles from the confluence with :Trout Creek. The watershed drain'agearea' t6:thi'sstation is
approximately 1,162 acres and the channel length is2.8 miles. This wai~tl)he4is abo,ut 1/3
smaller than HeavenlyVa:lley Creek, but both channels maintain'similarflbwswhen;measured at
the Baseline Station ofHi'ddenand Property Line ofHeavenly: . , " '::',' "?i ," " '

, Individual constitu~ntsmeasured at each station are"86mpan:id relatIve to'one another and,
state standards., Results for, 1997 are summariiedfor eabh constituent: 'Most6fthe'figures "
throughout this section show the montWy average fOI-iridividual constituents t6 i~provegraphic ,
depiction. Complete data sets for the measured parameters are listed bysiation in 'Tables 2-1 thru
2-5.

Discharge
The Undisturbed Tributary site consistently records the lowest flows, as the watershed

drainage area is very small (165 acres). Highest flows were recorded at the Property Line site and
at Hidden Valley Creek. Flow among all stations ranged from lows ofless than 0.01 to 0.42 cfs .
and highs of 0.7 to 12.86cfs. Peak flows occurred in May and June, similar to last year's peak
flow dates. The table below shows the date and flow rate at the peak for each station,

S~ation Date Peak Flow~..._.

Heavenly Valley Creek

\ i

Sky Meadows (HV-CIA)

Undistw-bed Tributary (HV-C 1)

Below Patsy's (HV-C2)

Property Line (HV-C3)

Hidden Valley Creek

Baseline Station (43-H5)

6-5

5 - 15

6-5

6-5

5 - )9

5.21

0.70

8.56

12,86

12,50
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Discharge (con't)
Spring runoff sampling continued through the second week of July, when flows had decreased
significantly from snow melt. Storm samples were collected during rain-on-snow events in June
and during a summer thundershower in July. Data collected from the July thundershower are
discussed later in this section. Figure 2-1 shows the hydrograph for flow all stations.
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HydIograph 1997
Heavenly Valley & Hidden Valley Creek Stations
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Figure 2-2. Specific conductivity values at Heavenly Valley and Hidden Valley

Creeks Stations during 1997.

Figure 2-1. Hydrograph for Heavenly Valley and Hidden Valley Creek Stations in 1997. Undeveloped sites
include the UndistUrbed Tributary to Heavenly Valley Creek and the Baseline station at Hidden Valley Creek.

Specific Conductivity
Conductivity values

were somewhat consistent
among the Heavenly Valley
Creek stations, but had
higher fluctuations at the
Hidden Valley Creek site.
Concentrations ranged
between lows of 11 to 27
Ilmhos and highs of 41 to 61
Ilmhos. The annual means

\ are within 10 Ilmhos of one
another, with 27 Ilmhos at
Sky Meadows, 34 Ilmhos at
Undisturbed Tributary, 36
IlmhOS at Hidden, and 37
Ilmhos at both Below
Patsy's and'Property Line. Lowest values'were ofterifOuhd during the highest or lowest flows.
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Turbidity 1997
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Suspended Sediment
Similar to

turbidity, suspended
sediment levels were
also greatest during
peak flow. The State
standard of 60 mg/L is
applied to the 90th
percentile of samples
,measured.
Consequently, the
Property Line station

d d th t d d Figure 2-4. Average monthly suspended sediment values for Heavenly Valley and
e~chee e

f
e s an ar., Hidden Valley Creeks during 1997. Suspended sediment values are plotted on a log

WIt 3 0 24 samples lOscale.
excess of 60 mg/L (see
Table 2-4). Samples from all other stations met this standard. The average annual means among
the stations range from 2.3 to 31.4 mg/L. As shown in Figure 2-4 and Tables 2-1 thru 2-5,
suspended sediment was almost always greater at the ski area sites versus the undeveloped
stations. This result indicates that more sediment is moving through the channels affected by ski
area development, particularly during high flows. The sediment source may be from developed
areas or the channels themselves, and further analysis may show proportional contributions.

-•••••••••••• '+" •

Turbidity
Turbidity values

were generally highest
during runoff, with
maximum measures

. betWeen 0.98 and 2.80
ntu's. Annual average
turbidity levels range
between 0.49 and 1.03
ntu's, with the former
recorded at Undisturbed
Tributary and the later at
the Property Line.
Figure 2-3 shows
turbidity fluctuations Figure 2-3. Average mon~y wf?i:djty levels at Heavenly Valley and Hidden' Valley ;<

overthe year at the Creek stations. . , ; . ' .. ;:" ,
individual stations, and actual measures are listed i~Tabl~s 2-1 thru 2-5. Turbidity levels, as ::-' '"

; iilustrated in the figure, appear greater atthe slQ'area static,ns than theuridisturbedones. T.~s,~; ': '
i' result shows that more partiCles are moving tm-ough chat1~els within'and below ~he~ki area,;a1lcf::, ,... '

',,; that further erosion control measUresrriayDe ne~deci to 'st'abilize soils and prevent sedimentation. ..'
.', .'
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Ski Are.

- Scy Me.cbws ••• BelowPalsy's _ Property Line
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Total Nitrogen

Several chemical forms ofnitrogen (N) occur in surface waters. Inorganic N is measured as
nitrite-N (N02-) and nitrate-N (N03) All forms of organically bound N and inorganic ammonia
(NH3) are measured by the Kjeldahl method. Together, these forms constitute total N. Average
N02-/N03- ranged between 0.005 and 0.040 mg/L at all stations. These inorganic forms were less
at the undeveloped stations than at the slci area sites. Additionally, the trend at ski area sites

shows the greatest TIN' 1997' ota Itrogen
concentration at the Below Heavenly Valley & Hidden Valley Qeek Sations

Patsy's site, with a decrease
,at Property Line. Total
Kjeldahl N concentrations i 0.4

are usually an order of ~ , .§

magnitude greater than ~ ,0.'3

N02'/N03' at every site, 1. 0.2

throughout the year. The,'z •••. , , ...•..•
minimum value for TKN, " 0.1 ~;E;;/L_...I..-~t:::::;:::;;..:::.. Eii:::=f==:::';;"'~"'::"':' ::.::;;;;J
was less than 0.10 mgIL at ~. , Feb Mar AI"" May I \.1'1 I \i Aug Sep, Oct Nov Dec

. ." ',.. 'Undeveloped •ski Area ~ ,

all stations. The value 0)0 ;" ': ' ,._ Undistll'bcd _ HI~n _ Scy Meadow.;;~.Belo.i-Patsy's _ Prop;rty Line

mgIL was.used for : "::-'A"~::," "::. , .' ,...., ,.::.~ ......,
reporting and analysis sin~eFigur~ 2-5'0 Average mbnth1~ total N. concentratiops meas~ed at Hea~en.JY Valley'
it is unkn~wn how far .' and Hidden;V~lley CreekstatlOnsdunng 199.1. . 0 : •

below this method detection: limit the actual concentration may have beert' The annual average .
for TKN ranged between 0.1 0 and 0.18 mg/L. Compliance with the State standard of 0.19 mgIL
total N is considered to be achieved if no more than 10% of the samples collected exceed this
level. This approach uses the 90th percentile, rather than the artificially high annual average. The
Below Patsy's station had 4 of24 samples exceeding the State standard. All ()ther stations met
the standard. TKN values during January were inaccurate, thus totalN cannot be reported for
this month. . ,

Total Phosphorus 1997
Heavenly Vallcy & Hidden Valley Creek aations

Total Phosphorus
Annual average

total P values measured
at creeks throughout
Lake Tahoe continually
exceed the State
standard of 0.015
mgIL. The range of
total P averages for
Heavenly Valley and
Hidden Valley Creeks
during 1997 were. Figure 2-6. Average monthly total P concentrations measured at Heavenly VaHey and
between 0:019 and Hidden Valley Creek stations during 1997.'

0.026 mg/L. Below Patsy's, Property Line, and Hidden recorded the same annual mean of 0.021
... mgIL P. Figure 2~6 shows high concentrations of P just prior to peak Tflows, and generaIiy low
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Total Phosphorus (conlt)
fluctuation during the remainder of the year. Tables 2-1 thru 2-5 list the actual total P
measurements for the year. One interesting result is that the maximum values reported for all
stations show that the ski area highs lie between the values found at the undeveloped areas, 0.03
mg/L at Hidden and 0.05 mg/L at the Undisturbed Tributary.

Dec!\bvOclSop

Ski Area

lui)",

_ Sky Meadows •••. Below Palsy's __ Property Line

Apr

... Chloride 1997
... Heavenly Valley &. Hidden Valley Creek siations

Soluble Reactive Phosphorus 1997
Heavenly Valley &. Hidden Valley Creek Stations

MarFeb

UndeveloJ"!"
_ Undisll8'bed _ Hidden

Ian

0D2 ,------------------------....,

lS ,---------------------------,

Chloride
Chloride

concentrations were
highest during peak flow
at all stations, de~reaSed

through the summer,
and began to increase
again in December.
Maximum values
recorded were between
1.0 and 1.9 mgIL. The
annual average at all
stations exceeds the Figure 2-8, Average monthly chloride values for Heavenly Valley and Hidden Valley
State standard of 0.2 Creek stations during 1997, . ,

' ..

mg/L. Mean cWoride concentrations range from 0.4 at the undeveloped sites to 0.6 mgIL at
BelowPatsy'sand Property Line stations. Generally, chloride appears to be lower at the two
undevelo'ped sites, as shown In Figure 2-8. It is' unknown why the concentration is great'er at

Soluble Reactive
Phosphorus

Soluble reactive ~.,g 0.D15

phosphorus (SRP) is that §
.~

fractiol1 of total P found ~O.D1
. ~

.in a dissolved form, C

8 o,oos
usually orthophosphates. ~

These dissolved portions 0 G.._-L.-_~--L.~-L.-":-I.---L._..L.----J'--.:::r:=='=L.._W
are generally available to Jan Feb· Mar •• Apr May f~ J'" A'4; Sop Oct !\bv. Dec .

. . ..·plants and can stimulate Undeveloped . Sid Area , ,
. _ Undisturbed· .~ Hidden'· . ..:... S,:y Meadows "., Below Patsy's __ Property Line

.algae production. For . ';~':, . .:,
this reason, SRP is of Figure 2-7. 'Average inonthlY,so~u~le reac;tive P measured at Heavenly-Y,alley ~d ;;'~'"

particular concern in the Hidden Valley Creek statiol1~: during 1997.

'Lake Tahoe Basin. At Heavenly Valley Creek stations, SRP accounts for 19 - 42% of total P,
and at Hidden Valley Creek SRP is 33% oftotal P. The average annual means for all stations are
between 0.004 and 0.011 mg/L. Figure 2-7 shows that SRP concentration is generally greater at
the undeveloped stations than at the ski area sites. The reason for this result is unknown,
however, future analysis may show why this trend occurs.

Ii
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Soecific Susoended Total
. ,-

Total; Total. ";'

Tune Discharge Conductivity -Turbidity Sediment NO~INO •.. TKN:' N- P SRP ..
'(~f'i\ -' "1. ..

(~tl1\ (malT' ' (...,alT" (",a IT , --(malT .~ (",alT \ (...,alT.'

Hv - CIA Skv Meadows
, I

..

1320 2.5.7 43 54.0 211 0.036 1.55 1.586 0.070 .0.00l

1340 2.33 44 25.0 70 0.019 0.82 0.839 0.035 0.0](

1400 2.16 46 5.1 19 0.018 0.50 0.518 0.038 O.OOL:

1420 2.06 42 3.8 14 0.015 0.22 0.235 0.015 O.OOl

1440 2.00 43 2.8 14 0.015 0.28 0.295 0.012 0.00................. ........................ ............................... .......................... .......................... ........................ ................. ................... ................... ....................
Me~s .. 2.22 44 18.1 66 0.021 0.67 0.695 0.034 O.OOl

J-rV.- C2 Bel~w PatsY's

1320 2:60 58 162.0 3548 0.059 4.54 4.599 0.212 0.01

1340 2.32 44 260.0 1686 0.060 1.40 1.460 0.200 O.Oll

1400 2.07 45 140.0 393 0.042 0.71 0.752 0.112 0.0l:

1420 - 2,00 47 52.0 139 0.038 0.44 0.478 0.060 0.001

'1440 2.00 47 14.0 48 0.023 0.83 0.853 0.025 0.00'

1500 2.00 46 9.7 30 0.018 0.32 0.338 0.022 0.00'...........~..... ........................ ............................... .......................... .......................... • n ••••••••••••••••••••• ................. ................... ....................
6 ? O~ <1R IOn 1 q74 oOMI 1:17 1<111 o 10, OOl(

Stow Event Data
Storm samples were collected simultaneously at Sky Meadows and Below Patsy's during a

July thundershower. The storm lasted for about one-hour, with 0.2 inches of rain measured at the
Sky Meadows NRCS SNOTEL site. Water was drawn near the peak and thereafter, at 20­
minute intervals. Samples were analyzed for all of the usual constituents,. except chloride. There
are no standards for single events on thi's creek, and the short duration ofthe event did not
contribute significantly.to the overall sediment and nutrient loads of the stream. Table 2-6
displays the data collected during the storm and Figure 2-9 shows how concentrations varied at .
both stations. .

Chloride (con't)
the ski area sites, since chloride is assumed to enter streams through salts in precipitation. Future
monitoring and analysis may identify other potential sources of chloride.

Table 2..6, Storm data collected. on July 28, 1997 at Sky Meadows and-.Below Patsy's stations on
H nl Vall C k
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StormSarrpling at Heavenly Valley Creek
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Figure 2-9. Constituents measured during a thunderstonn on July 28, 1997, at Sky Meadows and Below Patsy's stations
on Heavenly Valley Creek: a) hyd.rograph; b) turbidity; c) total Kjeldahl nitrogen; d) total phosphorus; e) suspended
sediment; f) soluble reactive phosphorus.
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Tohle 2-1: lTcnvenly ~ki Resort 1997 woler qunlity 1~~l1iI6ring dnin rrom.stntion iIV~Cl. the Undisturbed Tributary
to Heavenly Valley Creek. 111is station is located at Maggies Comer, at an elevation of 8,315 ft.

", ,.~ .

Specific Suspended Total· " Total Total Total Soluble
Date Time Discharge Conductivity Turbidity Sediment N02IN03 Kjeldahl N2 Nitrogen Phosphorus Reactive P Chloride

(cfs) (mmhos) (nlu) (mll!L) . (m2IL) (mll!L)· (mll!L) (mll!L) (mll!L) (mll!L)

CRWOCB Standards - -- --- _. - 60 --- --- 0.19 0.015 --- 0.2
First Quarter

970215 1415 0.004 30 0.47 7 , 0.012 ' 0.10 0.112 0.038 0.010 0.3
970318 1220 0.010 31 0,34 1 " 0.014' 0.10 0.114 0.022 0.010 0.2
970327 1130 .__...Q:..q60 26 0,34 1 0.D11 0.10 0.111 0.020 0.010 0,3

---"'-"-"-- ------_._-
Minimum 0.004 26 0.34 1

,. , 0.011 0.10 0.111 0.020 0.010 0.2

Maximum 0.060 31 0.47 7 . --- 0.014 0.10 0.114 0.038 0.010 0.3

Second Quarter "
"

970404 1420 0.130 32 0.67 3 :0.008 0.20 0.208 0.032 0.012 0.1
970412 1230 0.138 43 0.40 1 0.006 0.63 0.636 0.022 0.012 0.7
970416 1205 0.162 28 0.40 2 0.007 0.10 0.107 0.028 0.012 0.1
970422 1040 0.360 37 0.54 1 ,0.006.' 0.10 0.106 0.025 0.012 0.8
970430 940 0.509 25 0.80 5 ,0.008 0.10 0.108 0.031 0.016 0.4
970508 1000 0.597 25 0.40 5 .' •. 0:002'

, 0.10 0.102 0.025 0.016 0.1.
970515 941 0.700 25 . 0.50 7 '0.005 ':- . 0.10 ' 0.105 0.025 0.014 1.3
970522 1126 0.640 41 0.60 3 .·"0.005 - " ·0.10 ',0.105 0.030 0.012 0.8
970527 936 OSlO 39 0.78 5 ·'0.005 0.10 0.105 0.028 0.012 0.9
970605 1330 0.340 46 0.40 .. 1. o ~ -.

0.005, ._-. 0.10 0.105 0.022 0.010 0.6
970610 1600 0.240 32 0.38 '. ·2 '\;0,004 " 0,10 0,104 0.022 0.010 1.0
970619 1100 0.178 32 0.98 2 0.005 0.10 0.105 0.025 0.008 0.3
970625 1415 0.120 41 0.35 ___2. 0.006 0.10 0.106 0.028 0.010 0.3._...~.._..._.._- --------------. -----_............. _...__.---- --------- -------

Minimum 0.120 25 0.35 1 0.002 0.10 0.102 0.022 0.008 0.1

r-.la-.:imum 0.700 46 0.98 ,,7 0.008 ·0.63 0.636 0.032 0.016 I.3

Third Qumter
970702 1415 0.089 32 0.43 2 0.005 0.10 0.105 0.030 0.010 0.2
970709 1110 0.064 34 0.48 1 0.006 0.10 0.106 0.022 0.006 0.2
970812 1500 0.040 43 0.35 1 '0;006 0.10 0.106 0.050 0.008 0.3
970911 1115 0.002

f-..--....-~~ ..,-'-_Q:..~~. 0.5 '. ,...0.005 0.10 0.105 0.018 0.008 0.2-------------_....._-_.._--.._--- .----_....._.__.._- -- ..
Minimum 0.002 32 0.35 0.5 0.005 0.1 0.105 0.018 0.006 0.2

Maximum 0.089 43 ,0.48 2 ': 0~O06 0.1 0.106 0.050 0.010 0.3

Fourth Quarter
971016 1020 0.002 31 0.35 0.5 . 0.007 0.10 0.107 0.010 0.006 0.3
971112 1240 0.004 43 0.35 0.5 '·0.006 ' 0.10 0.106 0.025 O.oI5 0.1
971217 1045 0.001 33 ' 0.45 ........_._....9,,? ......:..,,"_P"'Q..~- ~___, _q:.~9_ 0.106 0.018 0.010 0.3_............._-- -----._---------_.-- -_._..--..__....... ......._.._...._._ .. ._..- ........._.._---- -_._---- ----- -------- --------

Minimum 0.001 31 0.35 0.5 "/0.006 :.. 0.1 0.106 0.010 0.006 0.1

1-.la-.:imwn 0.004 43 ' O.4S 0.5 ' "'0.007 .:. 0.1 Oil07 0.025 0.015 0.3

Annual Minimum 0.001 25 0.34 0.5 .0;002 0.10 0.102 0.010 0.006 0.1
Summary Maximum 0.700 46 0.98 7.0 ' 0.014 .. 0.63 0.63.6 0.050 0.016 1.3

Average 0.213 34 0.49 2.3 .. 0.007 ~.~. - .. 0.13 0.134 0.026u 0.011 0.4*-
~ - ~ : ,

• Total Kjcldahl N values reported as 0.\'0 mgll are actually less th~n this minimum detection limit for all quarten, however, this minimum value was used to calculate tolal N concentration.

•• TIlesc values exceed the annual average or 90th percentile state standard for the constituent. .
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TlIblc 2-2:

'.'.....:

Hcavcnly Ski Rcsort 1997 water quality monitoring data from station HV.CIA,Heiivenly Vallcy Creek
at Sky Meadows. This station is located above the snowmaking pond at an elevlltion of8,525 ft..

.1

-;>

Specilic Suspended Total Total Total Total Soluble
Date Time Disch8r~e Conductivity Turbidity Sediment N021N03 "Kieldahl N2 Nitro~en Phosphorus ReactiveP Chloride

(cfs) (rnrnhos) -(nlu) (ml!J1.) . (mll!L) (ml!J1.)* (nwIL) (ml!J1.) (roWL) (roWL)

CRWOCB Standards . '- --- --- 60 -_. -- - 0.19 0.015 --- 0.2
First Quarter

970114 1415 0.47 25 0.8 1 0.027 --- --- 0.010 0.002 0.3
970215 1215 0.28 25 0.8 1 0.029 0.10 0.129 0.012 0.004 0.5
970318 1200 0.23 26 0.4 3 0.020 '. 0.10 .0.120 0.012 0.002 0.5
970327 1110 f-__._...9.:43 25 0.7 2 0.Q18 0.10 0.118 0.015 0.002 0.5

--~----~_.._~ ._------.--- ---
Minimum 0.23 25 0.4 1 0:018 0.10 0.118 0.010 0.002 0.3
Ma.ximum 0.47 26 0.8 3 0.029 0.10 0.129 0.015 0.004 0.5

Second Quarter ..

970404 1400 0.39 28 1.00 7 ' 0.022 0.22 0.242 0.028 0.002 0.1
970412 1205 0.38 41 0.70 2 0.019 0.73 0.749 0.015 0.002 0.3
970416 1150 0.43 29 0.60 4 0.022 , 0.10 0.122 0.015 0.003 0.1
970422 1030 0.80 40 0.75 8 .0.025 '.:; ·0.10 0.125 0.018 0.003 1.4
970430 950 1.17 27 0.82 5 ·0.027 0.10 0.127 0.020 0.004 0.3
970508 944 1.90 25 0.75 9 0.Ql8 0.10 >.-. ·0.118 0.020 0.004 0.1
970515 1000 4.30 20 0.56 24 0.017.

...
0.10 0.117 0.025 0.006 0.7

970522 1107 4.99 29 0.79 87 0.017 ".
.0.10 0.117 0.032 0.008 0.5-

970527 955 4.99 31 0.65 91 .... 0,029 :' 0.10 0.129 0.030 0.006 0.9
970605 1300 5.21 33 0.55 . 22 "'0:033'" " 0.10 0.133 0.025 0.004 0.6
970610 1545 4.80 20 0.54 . 32 0.039 .. 0.10 0.139 0.022 0.004 0.9
970619 1045 4.76 21 1.00 14 0.033 0.10 0.133 0.025 0.004 0.4
970625 1400 4.07 28 0.54 7 O.O~! . 0.10 0.123 0.025 0.006 0.3_._----....----- _...-_ ...---_..._.._. ..__.__._- --_..._- r-----'---- _._--

JI,·1inimum 0.38 20 0.54 2 0.017 0.10 0.117 0.015 0.002 0.1
l\laltimum 5.21 41 1.00 91 . 0.039 0.73 0.749 0.032 0.008 1.4

Third Quarter
970702 1400 3.12 23 0.47 6 0.Ql5 0.10 0.115 0.022 0.006 0.4
970709 1050 2.57 25 0.80 3· 0:020 0.10 0.120 0.018 0.004 0.3
970812 1430 0:65 36 0.90 2' -.0.017 0.10 0.117 0.040 0.002 0.3
970911 1100 0.48 28 1.00 0.5 _.O.QI! 0.10 -_Q:.!.!~ 0.005 0.003 0.3.......--_.-..._..~.... -----_...-.--_..-..-_. ....._---........---...-.- _._._-_..~-- ._~-- ..--_._.__. -.._-_.-........_-- ----- r-'

l\linimum 0.48 23 0.47 0.5 .- , 0.014 0.10 0.114 0.005 0.002 0.3

r-laximum 3.12 36 1.00 6 0.020 0.10 0.120 0.040 0.006 0.4
Fourth Quarter

971016 1040 0.31 26 0.55 0.5 0:019 0.10 0.1 19 0.008 0.001 0.4
971112 1220 0.25 33 1.00 1 0.038: .- o.ra 0.138 0.008 0.001 0.2
971217 1015 0.20 11 0.68 5 .- 0.019' -- .- 0.11 . 0.129 . 0.014 0.005 0.5_.--._-..--_._..._... -_ ...------_..--_..~..-.. ...-_..-...-...-.._...... --..._---._...._.... ,....-..-...........- ..•..._--..._--~--.. _......;...._-.-_.._--- ._---.,..-=~------

l\1inimum 0.20 11 0.55 0.5 0.019 -,' 0.. 1,0 0.119 . . 0.008 0.001 0.2
Maximum 0.31 33 1.00 5 . 0:038

-.
- 0.11 -0.138 0.014 0.005 0.5-,

Annual Millimum 0.200 11 0.42 0.5 .... 0.014 0.10 0.114 0.005, 0.001 0.1
Summary Maximum 5.210 41 1.00 91.0 "- 0.939 ..

0.73 0.749 0.040 0.008 1.4
.'

Avcrsl!c 1.965 27 0.72 14.0 0.023 > "'•• . - 0.13 0.156 0.019 h 0.004 0.5**

• Total Kjeldahl N values reported as 0.10 mg.1 are actually less than this minimum detection limitfor all quarters,-howevCT, this~nimum value was used to calculate tolal N concentration.
.. These values exceed the alUlual average or 90th percentile slate standard for the conotil""",'
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Tuhh' 2-3: Ilcnvcnly Ski Resorl 1997 wnler quality m6niloring data from station Iiv-C2~ Heavenly Valley Creek below Patsy's Chair.
This station is loealed just beyond ski area development within this watershed, at an elevation. of 8,000 ft.

Specific Suspended Total Total Total Total Soluble
Date Time Discharge Conductivity Turbidity Sediment N02IN03 '. .Kieldahl N2 Nitrogen Phosphorus ReactiveP Chloride

(cfs) (mrnhos) (niu) (roWL) '(inWLl' ". . (roWL)· (roWL) CroWL) CroWL) CmWL)
CRWQCB Standards - -- --- 60 --- --- 0.19 0.015 --- 0.2
First Quarter . ,.

970114 1445 0.36 40 1.40 1.0 0.084 ' --- --- 0.018 0.004 0.5
970215 1445 0.50 31 0.76 0.5

....
O.Q65 ~0.10 0.165 0.031 0.005 0.6

970318 1240 0.84 34 • 0.48 0.5 ,~; ,:0.044 0.10 0.144 0.014 0.004 0.6
970327 1150 1.20 30 1.00 3.0 0.048 0.42 0.468 0.019 0.002 0.7

--~~---_..~._---- ..._-.-.....-_.----- -------.----_.-.-- _........._---1--' ._- -
lvIinimum 0.36 30 0.48 0.5 ,0.044 0.10 0.144 0.014 0.002 0.5
Maximum 1.20 40 1.40 3.0 0.084 0.42 0.468 0.031 0.005 0.7

Second Quarter ..

970404 1445 1.30 33 0.76 0.5 0.049 0.10 0.149 0.022 0.006 0.2
970412 1220 1.47 . 39 1.30 12.0 0.052' 1.30 1.352 0.029 0.006 0.3
970416 1240 1.14 55 1.00 2.0 0.014 0.30 0.314 0.022 0.006 0.3
970422 1050 2.46 46 0.72 6.0 0.041 0.10 0.141 0.025 0.008 0.7
970430 1000 3.24 37 1.20 11.0 0.063 0.10 0.163 0.022 0.008 0.1
970508 1010 4.42 31 1.20 42.0 ' 0.068 0.10 0.168 0.031 0.006 0.1
970515 923 6.47 29 1.00 39.0 0.035 0.10 0.135 0.022 0.004 1.1
970522 1030 7.94 33 1.20 27.0 0.020 0.12 0.140 0.025 0.003 1.4
970527 918 7.64 40 1.00 14.0 0.040 0.10 0.140 0.Q15 0.004 1.1
970605 1400 8.56 42 0.88 4.0 " •. :~ ::'.0.036 " ', .. 0.10 0.136 0.021 0.005 0.6
970610 1615 7.30 30 0:94 3.0 " .'().!l3,6 0:15 0.186 0.018 0.006 0.8
970619 I I 15 6.19 27 1.20 6.0 ,. :,;0,031' - , ":0.22 .. .. 0:251 0.025 0.003 0.4
970625 1450 4.76 37 O.~Q. 1.0 ' ,,'. ;-"",0.026 ,~ ., 0.10 0.126 0.022 0.006 0.4----_.-.._----- --------- ---------- f-. ----- .. ..•... '0;10' ....".. ~ - . O. '126~linimum 1.14 27 0.60 - '."0:5 ·....·'····0.014 om5 0.003 0.1

M3ximum 8.56 55 1.30 42.0 '" "'0:068 ',,' ',1;30 1.352 0.031 0.008 1.4
Third Quarter .,"r .. " . - ...... ; :,:. ~

970702 1430 3.32 28 0.85 ,1.0 .. ·'.cO.014 .. :" 0:10 . 0.114 0.022 0.004 0.4
970709 1125 2.56 32 0.85 3.0 0.020 0.10 0,120 0.Q18 0.004 0.5

970812 ISIS 0.63 46 0.85 0.5 0.023 0.10 0.123 0.037 0.002 0.5
. 97091 1 I 130 0.67 ,.__......_}.?- __....-.9.:2.?. 1.0 __~!2. 0.10 0.117 0.014 0.003 0.5..._-_.--_.~.__... _.._.._-------- -_.._-_...-- ._-....- ..---- ----,,- ------

~linimum 0.63 28 0.85 . 0.5 .. 0.014 0.1 0.114 0.014 0.002 0.4

Maximum 3.32 46 0.95 ,3 .0.023 0.1 0.123 0.037 0.004 0.5

Fourth Quarter ' .-
971016 1000 0.23 34 0.57 0:5 .. 0.034 0.1'0 0.134 0.008 0.001 0.7
971112 1300 0.15 52 0.66 0.5 0.036 0.10 0.136 0.010 0.001 0.1
971217 945 0.32 54 0.54 0.5 .. 0.056 0.10 0.156 0.015 0.006 1.2......._---_._.---. ._--_...._.....-_.-- _........_....__... ----.------- ---------- ---------------- ------- --_.-._------ ----_.- .._----- ._----

~linimum 0.15 34 0.54 0.5 ,,0.034 0.10 0.134 0.008 0.001 0.1
Maximum 0.32 54 0.66 0.5 .. 0.056 0.10 ' 0.156 0.015 0.006 1.2

Annual Minimum 0.15 27 . 0.48 0.5 .. 0.014 0.10 0.114 0.008 0.001 0.1
SummaI)' Maximum 8.56 55 1.40 42.0· " 0:084 1.30 1.352 0.037 0.008 1.4

Avera2e 3.07 37 0.91 7.5, :'0.040, .. 0.18 0.221 u 0.021 ** 0.004 0.6 u
,

• Total Kjeldahl N values reported as 0.10 mg/J are actually less than this minimum detection .li~i; for,aJ1ci~a~c;r,',;howC)o'!'r,thi~ ;ninimum ~alue w~,s used to calculate total N concentration.
•• These values exceed the annual average or 90th percentile state standard for the constituent.. , ";. -,::f:',:~i ". ;' ,

.:_'



Tahle 2-4: Heavcnly Ski Rcsort 1997 watcr quality monitoring data from station HV.C3,Hcavenly Valley Creek at the Property Line.
This station is located just above the Forest Service property line and subdivision'~evelopment, at an elevation of 6,620 ft.

• I", ", ~.:-- -.,,:"

Specific Suspended Tcital Total Total Tctal, Soluble
Date Time Dischar~e Conductivity Turbidity Sediment N021N03, KieldahlN2 Nitro~en Phosphorus ReactiveP Chloride

(efs) (nunhos) ,(ntu) (mll!L) ·'lriil!iIS ' Imll!L)· (mll!L) (mll!L) (mll!L) Imll!L)

CRWQCB Standards --- --. _. - 60 "
.... ' --- 0.19 0.015 --- 0.2

First Quarter ~<' ~-
, ,

"

970114 930 0.74 21 0.74 1.0 0.021 .-- --- 0.021 0.006 0.5
970215 1615 0.96 34 0.64 1.0 0;012 0.10 0.112 0.038 0.008 0.6
970318 1015 0.89 36 0.58 0.5 ", O:()()8 , 0.13 0.138 0.Q15 0.008 0.7
970327 1.48 33 ____L~Q.,-_._~Q 0.019 0.10 0.119 0.025 0.006 0.5.-........_---...._-- _._----------.. ._-_...._.__._-- ..---_...__.._-- ----,--- --r-.------

Minimum 0.74 21 , , 0.58 , 0.5 0.008 . ~~IO 0.112 0.015 0.006 0.5
, ,

Maximum \.48 36 1.3 23.0 0.021 '0.13 0.138 0.038 0.008 0:1
Secont:: Quarter

970404 1710 1.80 37 0.68 2 0.016
,

0.10 0.116 0.040 0.006 0.3
970412 1035 1.I7 61 0.75 2 0.005 1.00 1.005 0.025 0.006 0.6
970416 1030 1.83 36 0.95 2 0.022 0.10 0.122 0.022 0.006 0.3
970422 915 3.34 45 1.20 14 0.024 0.10 0.124 0.032 0.006 1.3
970430 830 4.18 39 1.80 15 .' ,0.043 0.10 0.143 0.042 0.006 1.8.'
970508 1130 6.48 34 2.80 432 0.D38 0.10 0.138 0.032 0.006 1.9
970515 815 8.39 24 1.50 4 . ",0.026 0:10 0.126 0.035 0.004 1.0
970522 900 ' 10.34 34 1.70 70 0.016 0..10 0.116 0.025 0.006 1.3
970527 800 931 38 1.20 67 0.032 :' 0.10 0.132 0.020 0.004 1.3
970605 1030 12.86 39 1.20 47' ;"", "'0,Q26 " -";"',0:-10 '0.126 0.045 0.004 0.8
970610 1430 10.10 32 1.00 38 -',' ,;Q.025

"
, . ' 0.15 " 0.175 0.028 0.006 0.7

970619 930 9.23 28 1.20 10 "'0.026 .,. 0.11 0.136 0.025 0.003 0.4
970625 1545 6.93 37 , 0.67 12 . "-0:012- ;'" "-0.10 ·"ft 0.112 ' . 0.025 0.006 0.4--------==- ----..----_.._-- -----_.-_.. ---_.__......_- _...__.------_. ___C::.:':::"

rvlinimum \.17 24 . , 0.67 2 ," .'n" 0.005 ,:.:;. ,"
<0' < 0;10 ' <- ' 0.112 " 0.020 0.003 0.3

Maximum 12.86 61 2.80 432 0.043 " 1,00 1.005 0.045 0.006 1.9
Third Quarter ' >, .., ,

970702 1030 4.60 32 0.86 3 ' ,,0.010
' " 0:10 0.110 0.020 0.004 0.4

970709 930 3.41 36 0.70 6 0.008 0.11 0.118 0.018 0.004 0.6

970812 1630 0.92 47 0.72 2 0.004 0.10 0.104 0.042 0.004 0.4
970911 845 1.11 _..--.._-_....~~ 0.80 1 0.005 0.10 0.105 0.015 0.004 0.4-_.........-.--_..- '-""--"'-- ---_._--_. -----_..- --

r-.-linimum 0.92 32 0.70 I' M04 0.10 0.104 0.015 0.004 0.40
Maximum 4.60 41 0.86 6 0,010 ' 0.11 0.118 0.042 0.004 0.60

Fourth Quarter
971016 900 0.47 36 0.46 0.5 . 0.009 0.10 0.109 0.020 0.006 0.6
971112 1300 0.30 47 0.78 I 0.005 0.10 0.105 0.032 0.006 0.1
971217 1400 0.59 36 0.48 0.5 0.014 0.10 0.114 0.012 0.007 0.9--.._-.-_......---- ---_...--_..._---- ..__.._.._-- -......__..-_..._- _#------_._--- -_.--------- ._------

Minimum 0.30 36 0.46 0.5 : ',0.005 0.10 0.105 0.012 0.006 0.1
Maximum 0.59 47 0.78 I ',0.014 0.10 0.114 0.032 0.007 0.9

Annual Minimum 0.30 21 0.46 0.5 ' 0.004 0.10 0.104 0.012 0.003 0.1
Sununal')' Maximum 12.86 61 2.80 432.0 0.043 1:00 1.005 0.045 0.008 1.9

Averaee 4.23 37 1.03 31.4, i.f;~:,;.. 0.of8; - " ':"0.14 0.161 0.021 ** 0.006 0.6**
'-'<•."'- , -,--. . ".-

• Total Kjeldahl N values reported as 0.10 mg/l are actually less than this minimum detection linii(fcii'a1l4ul~~ii; liowe~ei;ihis~ini;n~ val~e was used to calculate total N concentration.
•• These values exceed the annual average or 90th percentile slatc standard for thc constitucnt: :.. ',- .- .:"' ..' '
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I Icavcnly Ski Rcsorl ICJCJ7 ",uler </ulllity dnln from slnlion 43-H5, Hiddcn Vallcy Creek bascline stnlion.
This station is located just above the confluence \"ith Trout Creek,at,an eIevationof 6,680 ft.

• 0 •

Specific Suspended. Total' Total Total Total Soluble
Date Time Discharge Conductivity Turbidity Sediment N02INQ3 . Kjeldahl N2 Nitrogen Phosphorus Reactive P Chloride

(cfs) (mmhos) (ntu) (mWL) (mR/t) (mWL)* (mWL) (mlZ!L) (mWL) (mWL)

CRWQCB Stand3l'ds --- - -- --- 60 "'~.-:'. --- 0.19 0.015 --- 0.2
First Quarter . .

970320 1045 2.80 50 0.84 .; ',.l ·",,0;006 .. 0.15 ) 0.156 0.018 0.010 0.5
970327 1330 2.90 41 ., 1.00 1 ~;·"OJJ021 . '0.10 . 0.102 0.020 0.008\ 0.3

Second Quarter .,-. .: ~;,;,:\ ",~ .. " , .

970403 1240 3.20 39 1.60 0.5 " 0.006,' . ,0.15 .",0.156 0.018 0.008 0.1",

970410 900 2.70 43 0.88 4 0.002 0.56 0.562 0.020 0.008 0.2
970417 930 2.80 40 .. 0.89 1 0;007 0;10 0.107 0.018 0.008 0.1
970422 1030 3.70 37 0.85 J ',:0:007 . . 0.10 0.107 0.012 0.010 0.8
970430 1320 3.10 35 0.72 4 0.004 0.10 0.104 0.030 0.006 0.9
970506 1030 4.30 31 0.53 1 0.003 0.10 0.103 0.015 0.006 0.2
970513 1230 7.60 20 0.85 5 ,0.004 0.10 0.104 0.019 0.006 0.8
970519 1600 12.50 25 0.85 14 : 0.0.06 0.10 ' 0.106 0.030 0.004 1.0
970529 1430 7.50 31 0.75 6 •....,O~.Q04 0.10 0.104 0.022 0.006 0.2
970603 1530 10,90 18 0.65 12 0.004 0.10 0.104 0.025 0.006 0.1
970611 1130 7.97 20 0.73 5~" ·.··0..003 " 0.14 0.143 0.018 0.006 0.6
970616 1445 9.90 25 0.75 1 :.,,, '''.0:002 ' 0.10 0.102 0.015 0.010 0.3
970623 1125 6.10 23 0.46 1 ;., ., 0;005 0.10 0.105 0.018 0.006 0.2-------_.-_._------...-. __._-_..----...._--------.- _...._-----.-....._.__.... ..-.--_......._-_._._- ----_.._-..----- ------------- ,---,,-'------_. -- -- -

Minimum 2.70 18 0.46 0.5 .. ·':·:'J~:002 ' 0.10 0.102 0.012 0.004 0.1

Maximum 12.50 43 1.60 14 ."~0.007 0.56 0.562 0.030 0.010 1.0

Third Quarter .. '. .;;.,
.,. . . '.~ .-:' o·

970703 1530 3.90 34 0.56 y .......
··~:Q:006. - .•••. 0.10 - ., 0.106 0.015 0.006 0.2

970709 1530 3.00 22 0.50 3 ~.'. '''':·,·~··.:~Q:009· :"'00'''''' ""'0.1 0 "'.' " ~··"0.109 0.020 0.010 0.3
970813 1620 l.00 45 0.54 1 ~ .• ":'0.005· , ..

0 •• 0,10 0.105 0.020 0.008 0.4
970911 1410 l.20 48 . 0.46 .. l' , ""--0.005' ····0:10 ' . 0.105 0.022 0.010 0.1

-----------~- ..._~._------ ---------_...--.-...... .-----------........._---- ______._.a..~_.___.._.._._. ----_...._--.-..__. --._.--------------- r--..,.-.--~.". -_.._...._.'-- ._--- --' ._----- -._-------
Minimum 1.00 22 0.46 1 ..0 ..005 '0.10.

. .
0.)05 0.015 0.006 0.\,

" .0.10Maximum 3.90 48 0.56 3 ·;0:009 . 0.109 0.022 0.010 0.4

Fourth Quarter
,

971020 0.59 67 ·0.40 0.5 0.007 0.10 0~107 0.039 0.006 0.3
971125 0,42 58 0.48 0.5 0.004 0.10 0.104 0.018 0.006 0.1

Annual Minimum 0.42 18 0.40 0.5 O.OQ~ 0.10 0.102 0.012 0.004 0.1
Summary Maximum 12.50 50 1.60 14.0 0.009 0.56 0.562 0.030 0.010 1.0.. .: .,.'.' .

Average 4,67 36 0.73 3.1.· 0~005 0.13 0.133 0.021** 0.007 0.4*~

* Total Kjcldahl N valucs reportcd as 0.10 mg,ll are actually less than this minimum detection liulit for:all.quatj:~;s::however, this ~inimumvalue was used to calculate total N concentration.

** These values exceed the amllla) average or 90th pe.rcentile state standard for the constituent. . '. -."
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I



1998

:.-

Heavenly Ski Resort

I t1 df,(cf.a.1 1~ fvJ .

~"~ef:k
Environmental Monitoring Report M-t- ~

~k'-

Prepared By

Sherry Hazelhurst, Birgit Widegren, and Melanie Greene
USDA Forest Service, Lake Tahoe Basin Management Unit

"



Effective Soil Cover Monitoring
Soil protective cover was quantified on runs. roads. and undeveloped areas. Eighteen ski

runs were randomly selected and reevaluated. Nineteen fixed plots established in 1995 and 1996

Water Quality Monitoring
Water samples were collected at seven monitoring stations throughout the year from

three creeks that drain the resort. Among all stations, 162 samples were obtained during 1998.
Peak flows occurred during the last week of June at some sites and the first week in July at
others. Weekly spring runoff sampl ing continued through the first week of August. Routine
samples were analyzed at the Forest Service laboratory for specific conductivity, turbidity,
suspended sediment, total nitrate/nitrite, total phosphorus. and dissolved orthophosphorus.
Samples were also sent to Sie~a Environmental Laboratories for total Kjeldahl nitrogen and
chloride analysis.

Heavenly's Environmental Monitoring Program was initiated in 1995 to assess the state
of water, vegetation, and soil resources at the ski area. The program is intended to monitor
changing conditions as a result of management activities. Details are outlined in Chapter 7,
Section 6, of Heavenly Ski Resort Master Plan. This is the fourth annual report, summarizing
monitoring accomplished at Heavenly Ski Resort by the USDA Forest Service during 1998.

Four major emphases are identified in the monitoring program as critical to
understanding environmental conditions at the ski area. Water quality monitoring began at
Heavenly in 1981, with data illustrating cumulative effects of management on streams. Effective
soil cover is assessed and monitored to determine relative success of revegetation effort and
devt?lop an understanding of soil cover componentS that adequately prevent soil loss and protect·
water quality. Best management practices (BMPs) are intended to inhibit soil movement and
prevent stream sedimentation, thus evaluating permanent and temporary measures delineates the
practices that are most effective. Finally, riparian areas tend to be more sensitive to management
than uplands, so condition ratings are indicative of overall watershed stability. .

Each emphasis area is discussed individually by chapter and the final chapter summarizes
the results of this monitoring. Chapter 2 is an annual review of water quality constituents
measured at three creeks within the resort. Chapter 3 discusses results of various soil cover
monitoring efforts. Chapter 4 summarizes BMP evaluations as implemented during restoration.
maintenance, new construction, and at existing structures. Chapter 5 reports riparian and chaunel
condition at Mott and Corsser Creeks, as well as changes from last year at Heavenly Valley
Creek. Chapter 6 summarizes all monitoring by noting the general environmental conditions at
the resort. All chapters describe survey locations, measured parameters, results and discussion of
data collected to this point, general conditions and trends. and management recommendations.

1-1
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were revisited to determine changes in vegetative cover and erosion. Eight obliterated roads
were evaluated to determine if infiltration has been improved and ensure enough protective soil
cover.

. Condition and Trend
This chapter summarizes results from all monitoring, formal and informal. to illustrate

the general environmental condition of the resort. Conclusions s~ted here only represent
observations from 1998. A comprehensive report to be compiled in 2000. will quantify
condition and trend as compared with baseline data collected in 1991.

Best Management Practices Effectiveness Monitoring
Temporary and permanent best management practices (BMPs) were monitored at many

sites throughout the resort. Active construction, restoration. and maintenance sites requiring soil
disturbance were monitored for appropriate BMPs weekly thru project completion. Existing
BMPs were evaluated at many structures, including chairlifts. lodges, maintenance/patrol
facilities. parking lots. and miscellaneous sites.

1-2
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Riparian Condition Monitoring
Riparian and stream channel evaluations were completed for three creeks. Mott Creek.

the North Fork of Mott Creek. and Corsser Creek were rated for general condition using the
Pfankuch method. The two permanent stream channel inventory (SCI) reaches installed in 1996
were. surveyed this year using the full SCI protocol. Permanent cross-sections. random cross­
sections, pool-riffle ratios. pebble counts, bed composition ·surveys. pool depths. and bank
stability evaluations were all·performed as a part of these surveys.

lie3
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CHAPTER 2

WATER QUALITY

2-1

Water quality is measured at three creeks that drain the ski resort. Samples from
Heavenly Valley, Heavenly Parking, and Edgewood C~eeks were collected throughout 1998 to
monitor specified constituent levels. Heavenly Valley;Mcf'California Parking Lot Creeks are
regulated through a waste discharge pennit from the California Water Quality Control Board,
Lahontan Region. Edgewood Creek is.administered by the Nevada Department of
Environmental Protection. Five of the seven stations on these creeks are classified as general
forest sites, monitored for discharge, specific conductivity, turbidity, suspended sediment, total
nitrite/nitrate, total Kjeldahl nitrogen, total nitrogen, soluble reactive phosphorus, total
phosphorus, and chloride. The other two stations are located below parking lots, thus in addition
to the constituents listed above, oil and grease, total iron, and total lead are also measured
periodically.

One reference stream outside the resort is also monitored and used'as a comparison for
Heavenly Valley Creek. Hidden Valley Creek drains an undeveloped watershed south of the
resort This watershed is similar in size, geology, and soil type to Heavenly Valley Creek, thus
data collected here provides good baseline infonnation. Samples are collected at Hidden Valley
Creek from the runoff period in March through snowfall in November. The samples are
analyzed for the same constituents as the other forested sites on Heavenly Valley Creek.

Among all stations, 162 samples were obtained during 1998. Collection took place once
monthly during baseflow and weekly during spring runoff. Precipitation during the past year
was above average at 128% of nonnal. A cooler and wetter than average spring prolonged the
runoffperiod from April through July. Most of the snow at the resort had completely melted by
the end of August. Summer rain and thundershowers were generally absent, with low-intensity
fall rains beginning early in September.

Water samples were analyzed in the field, at the Forest Service water lab, and at Sierra
Laboratories in Reno. Sampling and analysis procedures are ex.plained in Chapter 7 of the
Heavenly Ski Resort Master Plan. Constituent values measured during 1998 are reported for
each sample and station, with monthly and annual averages also computed. California and
Nevada state standards apply to individual constituents and are evaluated based on annual mean,
single event, or 90th percentile rating, as specified. Creeks are discussed individually, followed
by tables displaying full data sets for the respective stations.
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Data collected from Heavenly Valley and Hidden Valley Creek stations are reported
together to show a comparison between developed and undeveloped watersheds. The largest
stream draining the California side, Heavenly Valley Creek originates from springs at the high
elevati~ns to flow through the resort, undeveloped forest, and housing tracts before merging with
Trout Creek. Four stations have been established on the creek, including HV-C1A Sky Meadows
(elev. 8.560 ft.), HV-Cl Undisturbed Tributary (8,240 ft.), HV-C2 Below Patsy's (8,020 ft.), and
HY-C3 Property Line (6,620 ft.). A map of these locations may be found in Chapter 4, map 4.1­
.4, of the Heavenly Ski Resort Master Plan Environmental Impact Statement. The watershed
covers approximately 1,639 acres to the Property Line station, and main channel is about 3.0
miles long to this point.

Hidden Valley Creek originates from springs below Freel Peak (T. 12 N, R. 18 E, S. 24),
approximately 3.5 miles south of the Heavenly Valley Creek watershed. There is one
monitoring station established on the creek, 43-H5 Baseline Station (6,680 ft.). This station is
about 0.15 miles upstream of the confluence with Trout Creek. The watershed drainage area to
this station is approximately 1,162 acres and the channel length is 2.8 miles. This watershed is
about 1/3 smaller than Heavenly Valley Creek, but both channels maintain similar flows when
measured at the Baseline Station ofHidden and Property Line of Heavenly.

Individual constituents measured at each station are compared relative to one another and
state standards. Results for 1998 are summarized for each constituent. Most of the figures
throughout this section show the monthly average for individual constituents to improve graphic
depiction. Complete data sets for the measured parameters are listed by station in Tables 2-1
thru 2-5.

Discharge
The Undisturbed Tributary site consistently records the lowest flows, as the watershed

drainage area is very small (165 acres). Highest flows were recorded at the Property Line site
and at Hidden Yalley Creek. Flow among aU stations ranged from lows ofless than o.oi to 1cfs
and highs of 1.28 to 17.30 cfs. Peak flows occurred in June and July, a.bout one month later than
last year's peak flows. The table below shows the peak flow and date measured for each station.

Station Peak Flow (efs) Date

HeavenlyValley Creek

Sky Meadows (HV-CIA) 7.5 7-6

Undisturbed Tributary (HV-Cl) 1.28 6 - 22

Below Patsy's (HV-C2) ILl 6 - 29

Property Line (HV-C3) 12.6 7-6

Hidden Valley Creek
) ·Baseline Station (43-H5) 17.30 6 - 29



Figure 2-1. Hydrograph for Heavenly Valley and Hidden Valley Creek stations in 1998. Undeveloped sites include
the Undisturbed Tributary to Heavenly Valley Creek and the Baseline station at Hidden Valley Creek.
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1998 Environmental Monitoring Report 2-3
Discharge (con't)
Spring runoff sampling continued through the first week of August, when flows had decreased
significantly from snow melt. Due to the lack of intense thundershowers, storm samples were
not collected. Some of the regular samples were collected during spring and fall precipitaiton
events; however the data do not indicate obvious constituent increases over background levels,
as discussed later in this chapter. Figure 2-1 shows the hydrograph for flow all stations.

Pmpeny lineI

Oct NovSep

Ski Area
Below PatsYs"

Hydrograph 1998
Heavenly Vall~ '" Hidden Valley CIftk Sla,ion.
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Figure 2-1. Average monthly specific conductivity values at Heavenly Valley

and Hidden Valley Creek stations during 1998.
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Specific Conductivity
Conductivity values

were highest prior to peak
flow, and generally
declined at all stations
thereafter (Figure 2-2).
C-oncentrations ranged
-hetween highs of42 to 73
f.lmhoS and lows of II to
24 f.lmhos. The annual
means are within II
flmhos of one another,
with 31 flmhos at Sky
Meadows, 32 J,lmhos at
Undisturbed Tributary, 38
J,lmhos at Hidden, 40
J,lmhos at Property Line,
and 42J,lmhos Below Patsy's.
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Total Nitrogen
. Several chemical forms ofnitrogen (N) occur in surface waters. Inorganic N is measured

as nitrite-N (N02') and nitrate-N (NO)"). All forms oforganically bound N and inorganic
ammonia (NH) are measured by the Kjeldahl method. Together, these forms constitute total N.
Avera~e N~'INO)- ranged between 0.007 and 0.040 mgIL at all stations. These inorganic forms
were less at the undeveloped stations than at the ski area sites (Tables 2-1 to 2-5). Additionally,
the trend at ski area sites shows the greatest concentration at the Below Patsy's site, with a
decrease at Property Line. Total Kjeldahl N concentrations are usually an order of magnitude
greater than N02'/N03' at every site throughout the year. The minimum value for TKN was less
than 0.10 mgIL at all stations. The value 0.10 ing/L was used for reporting and analysis since it
is unknown how far below this method detection limit the actual concentration may have been;
The annual average for TKN ranged between 0.13 and 0.36 mg/L. Compliance with the State
standard ofO.19mgIL for total N is considered to be achieved ifno more than 10% of the
samples collected exceed this level. All stations exceeded this standard with 3 of 24 to 7 of 24
samples greater than 0.19 mgIL, as shown inTables 2-1 to 2-5. The reason for high N
concentration in March and April is unknown. Suspended sediment and turbidity levels were not
substantially greater than in other sites, so nutrients were npt likely attached to soil particles.

Total Nitrogen 1998
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Figure 2-5. Average monthly total N concentrations measured at Heavenly Valley and Hidden Valley Creek stations

during 1998.

Total Phosphorus
Annual average total phosphorus(P) values measured at creeks throughout Lake Tahoe

continually exceed the State standard of0.015 mgIL. The range of total P averages for Heavenly
Valley and Hidden Valley Creeks during 1998 were between 0.021 and 0.054 mg/L, measured at
Sky Meadows and Below Patsy's, respectively. Figure 2-6 shows high concentrations ofP just
prior to peak flows, and generally low fluctuation during the remainder of the year. The reason
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for very high total P concentrations at the Below Patsy's station in March and April is unkn\
These high levels were not foUnd downstream at the Property Line station, indicating signifi
dilution and a possible point-source ofP near the Patsy's station.
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Figure 2-6. Average monthly total P concentrations measured at Heavenly Valley and Hidden Valley Creek statiODl
during 1998.
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Figure 1-7. Average monthly soluble reactive phosphorus (SRP) measured at

Heavenly Valley and Hidden Valley Creek stations during 1998.

Soluble Reactive Phosphorus
Soluble reactive phosphorus (SRP) is that fraction of total Pfound in a dissolved fonn,

usually orthophosphates. These dissolved portions are generally available to plants and can .
stimulate algae production. For this reason, SRP is of particular concern in the Lake Tahoe
Basin. At Heavenly Valley Creek stations, SRP accounts for 18 - 46% oftotal P, and at Hidden
Valley Creek SRP is
30% of total P. The
average annual means
for all stations are
between 0.004 and
0.025 mgIL. Figure
2-7 shows that SRP
concentration is
generally constant,
with only a few large
increases. As with
total P, SRP values for
March and April at
Below Patsy's were
very high. Again, the
reason for this high
value is unknown.
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Chloride 1998

Chloride
Chloride concentrations were highest prior to peak flow at all stations, decreasing

through summer and increasing again in December. Maximum values recorded were between
1.0 and 3.2 mg/L. The annual average at all stations exceeds the State standard of0.2 mg/L.
Mean chloride concentrations range from 0.4 at the undeveloped sites to 1.3 mgIL at Below
Patsy's station. Generally, chloride appears to be lower at the two undeveloped sites, as shown in
Figure 2-8. It is unknown why the concentration iS$eater at the ski area sites, since chloride is
assumed to enter streams through salts in precipitation. Future monitoring and analysis may
identify other potential sources ofchloride.
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Figure 1-8. Average monthly chloride values for Heavenly Valley and Hidden Valley Creek stations during 1998.
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Table 2-1: Heavenly Ski Regan 1998 water quality monitoring data from station HV-Cl, the Undisturbed Tributary
to Heavenly Valley Creek. This station is located at Magies Corner, at an elevation of 8.315 ft.

Specific Suspended Total Total Total Total Soluble
Date Time Discharge Conductivity Turbidity Sediment NilritelNilrat Kjeldahl N Nitrogen Phosphorus Reaclive P Chloride

(efs) (mmhos) (nlu) (mgll) (mg/L) (mfl/l)· (mglL) (mgll) (mg/l) (mgll)
CRWQCB Standards --- --- --- 60 --- --- 0.190 0.015 -.- 0.2
First Quarter

9803161 15301 0.00 34 0.38 j.O 0.015 0.16 0.175 0.028 0.010 0.2
9803251 14001 0.00 33 0.42 9.0 0.022 0.16 0.1821 0.0301 0.012 0.1

Second Quarter
~80402 lOIS r-'--.0.00 40 0~40~- O.S 0.018 0.14 0.158 o.ofs '-'--0.010 0.2

980409 USO 0.00 41 0:47
e---

0.5 . 0.015 0.10 0.115 0.022 0.010 0.3
-98"0416 --1330 0.00 42 "(US'

_.__...

0.017 0.177 0.010 0.20.5 0.16 0.020
980423 1255 0.03 36 0.32 10.0 0.022 0.10 0.122 0.028 0.012 0.8
980428 1220 0.03 27 0.36 4.0 0.024 0.10 0.124 0.025 0.012 0.4
980S01 1230 0.05 33 1.30 2.0 0.013 0.10 0.113 0.020 0.010 0.6
980S15 1130 0.04 25 0.45 1.0 0.018 0.35 ·0.368 0.022 0.010 0.2
980521 1200 0.06 33 0.95 1.0 0.020 0.10 0.120 0.030 0.010 0.3
980S28 1S30 0.09 13 0.56 2.0 0.014 0.10 0.114 0.030 0.012 0.7
980603 1230 0.23 36 0.54 4.0 0.004 0.10 0.104 0.038 0.012 1.4
980609 1445 0.99 20 LSO 58.0 0.009 0.19 0.199 0.028 0.016 0.3 .
980615 illS 1.l3 22 UO 29.0 0.004 0.10 0.104 0.055 0.016 0.5
980622 1100 1.28 22 0.73 10.0 0.002 0.10 0.102 0.040 0.018 0.7
980629 1406 0.86 24 0.52 4.0 0.007 0.24 0.247 0.030 0.014 I.l

Third Quarter -
980706 1220 0.46 31 O~55 1.0 0.004 0.15 0.154 0.032 0.016 0.5
980716 134"5

_.
0.24 31 0.60 47.0 0.026 0.22 0.246 0.038 0.012 0.2

980720 114S 0.18 . 32 0.65 2.0 0.020 0.10 0.120 0.038 0.010 0.2
980128 930 0.12 42 0.45 0.5 0.007 0.25 0.257 0.024 0.010 0.2
980804 1050 0.07 35 0.46 1.0 0.006 0.26 0.266 0.020 0.010 0.1
980908 1255 0.02 36 0.36 0.5 0.010 0.10 0.110 0.022 0.010 0.3

Fourth Quarter
981007 1245 0.03 22 0.56 0.5 0.009 0.12 0.129 0.028 0.012 0.1
981202 1100 0.06 39 0.38 0.5 0.008 0.10 0.108 0.030 0.012 0.6

ADDual Minimum 0.00 20 0.31 0.5 0.002 0.10 0.102 0.018 0.010 0.1

Summary MaJimum 1.28 42 1.50 58.0 0.02.6 0.35 0.368 0.055 0.018 1.4
Average 0.25 32 0.60 8.0 0.013 0.15 0.163 ** 0.029 .. 0.011 0.4 **

• Tolal Kjeldahl N values reported as 0.10 mgl!. are aclually less thanlhis minimum dcb:Ction limit. howe~. this minimum wlue was u~-ed to calculate Iolal N concentration.
•• These values exceed the: annual IYCf1Ige or 90th percentile slate slaIIdard lor the constituent.

•
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"Table 2-2: Heavenly Ski Resort 19911 waler quality monitoring data from station HY·C IA, Heavnely Yalley Creek

at Sky Meadows. This station is located above lite snowmaking pond at an elevation of8,525 ft.

Specific Suspended TOlal Total Total Total Soluble
Date Time Discharge Conductivity Turbidity Sediment NitriteINitrat Kjeldahl N Nitrogen Phosphorus Reactive P Chloride

(cM (mmhos) (ntu) ( OIwl., (mWl) (mg/L)· (mgt!.) (mgt!.) (mg/L) (mg/L)
CRWQ~BStandards --- --- --- 60 --- _.- 0.190 0.015 --- 0.2
First Quarter

980316 1J15 0.05 31 0.46 0.51' 0.037 0.18 0.217 0.012 0.002 0.4
9803251 1330 0.07 31 0.65 2.0 0.0201 0.14 0.1601 0.010 0.n021 0.6

Second Quarter
.... _._-- .. _.- .....- ._.. -" ._-_.,------_.. -.-. .._--_.-._0>- . -~--.- ...-'-" .-.--.-.-•.--.---- .,... - r_---.-...---. ----- --_ ..- ··-c=--------·

980402 935 0.05 . 33 0.76 0.5 0.019 0.14 0.159 0.0011 0.002 0.5
"--9804091--_.. _-.. _ ... '-'--'0:06 ---4'1 --"0.76

..__ ... "'- _., ----_.__. ---"--" .._-_._-_._-_. -----:--=- -_.,_.- ----_.-.
1130 0.5 0.031 0.19 0.221 0.008 0.002 0.5

'--cjs04i'6'f----.----- '---0.08 :39
----,---_._~ .. ------ 0.5 -----·-()',o19 --(i. is ~------_. --0.010f----------- _ ..__._--

1250 1.10 0.169 0.002 0.3
980423 1245 0.20 38 1.30 1.0 0.020 0.10 0.120 0.010 0.002 1.1
980428 1200 0.20 38 0.70 lio 0.023 0.10 0.123 0.012 0.004 1.0
980507 1215 0.31 3~ 1.20 1.0 0.018 0.10 0.1 III 0.010 0.004 0.6
980515 1120 0.31 38 0.90 1.0 0.034 0.28 0.314 0.010 0.002 0.5
980521 1145 0.38 28 1.20 1.0 0.025 0.10 0.125 0.030 0.0()6 0.7
980528 ISIS 0.39 35 1.00 3.0 0.026 0.10 0.126 0.028 0.002 0.6
980603 1215 0.76 36 0.68 2.0 0.024 0.10 0.124 0.020 0.010 0.6
980609 1430 1.80 43 1.20 14.0 0.024 0.10 0.124 0.015 0.006 0.6
980615 1345 2.90 .211 0.76 25.0 0.020 0.10 0.120 0.045 0.002 0.3
980622 1040 4.10 20 0.80 29.0 0.020 0.10 0.120 0.025 f--~Q.~ 0.4

- '-nH ---6'.00 1------_.. - -----I-:-O() --- ---38-:0 0.028 --0.21 0:238 f-- 0.055 -0.8980629 19 0.008
Third Quarter -_.__ .. ------ .. -- _.~ ... ---. --~-..---.-.- -.------. ~·--cc..,...r_-----..-~ ..-·---,~~·----·----980706----114·5-..----7:'50 19 1.10 47.0 0.031 0.15 0.181 0.050 0.008 0.3
. -- 980716

1---_.. _-- -.---5:2() ._------- ----T-70 ---·--40.0 --_._--- --"--oTff-- .-.-----f--- .... - .... - ---_. __ .._-
~------

1300 20 0.026 0.196 0.040 0.010 0.4
980720 1130 5.00 21 0.95 lItO 0.035 0.23 0.265 0.017 0.005 0.4
980728 1000 2.60 30 0.90 3.0 0.022 . 0.10 0.122 0.015 0.002 0.1
980804 1110 1.80 26 0.78 4.0 0.021 0.13 0.151 0.028 0.004 0.4
980908 1315 0.65 28 0.86 1.0 0.021 0.10 0.121 0.010 0.004 0.5

Fourth Quarter
981007 1230 0.48 39 0.64 0.5 0.014 0.23 0.244 0.012 0.004 0.2

981202 1030 0.28 35 0.78 0.5 0.015 0.10 0.115 0.()I2 0.002 0.6

Annual Minimum 0.05 19 0.68 0.5 0.018 0.10 0.118 0.008 0.002 0.3

Summary Maximum 7.50 43 I.JO 38.0 0.034 . 0.28 0.314 0.055 0.010 1.1
Average 1.72 31 0.92 10.2 0.024 0.14 0.166 *. 0.021 ** 0.004 0.5·*

• TOlal Kjeldahl N values reported as 0.10 mgll. an: actually less lIIan this minimum delection limit. however, lIIis minimum value was used to calculate tolal N I:oncentration.
•• These values exceed lIIe annual average or 9011I percentile slate slandard for lIIe constituent.
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Table 2-3: Heavenly Ski Resort 1998 water quality monitoring data from station HV-C2, Heavenly Valley Creek below Patsy's Chair.
This station is lOcated just beyond ski area development wichin chis watershed, al an elevation of8,000 ft.

N
I-o

CRWQCB land.rdl

Specific
Discharge Conduccivity

(cfs) (mmhos)
60 _.-

Suspended Total
Sediment NitriteINitral
(mglL) . (mgll)

Total Total Total Solubl,-
Kjeldahl N Nitrogen Phosphorus Reactive P Chloride
(mR!l)* (mg/L) (m2ll) (mg/L) (mgiL)
-.- 0019 0.015 .-- 0.2

I.HO 1.8421 0.288 f 0.1801 6.8
1.90 1.958 0.09sl o.osof 2.80.058

0.042
2.0
3.0

0.83
0.62

Turbitity
(nlU)

61
96

0.29
0.0611530

1445

Time

980)25
9803161

Date

First Quarter

Second Quarter
-~80402·--·f04o ----0.17 53 -O~-4'2 r-·~·-_··-··-O.Sr---O.072 ---~ 0.67 0.742 '-'--0.0-30 --(.~020

--980409 1230 - 0.17 SOI-"---(no"'---"--o~SI----0.050 ---OJK ---0.'2"10 ---0:088 --0:076 }~
----9804i6 --- 1350 ---0:201----13 ---0:95 --. -··-.-:-6---_··0.060 1-----T:9ij---T961f 0.195 '--0:100 3J

980423 1315 0.22 50 0.90 1.0 0.052 0.10 0.152 0.040 0.023 0.8
980428 1240 0.61 411 0.72 1.0 0.050 0.10 0.150 0.038 0.024 1.0
980507 1245 0.94 42 1.70 1.0 0.054 0.10 0.154 0.018 0.008 1.7
980515 1150 0.115 40 0.75 1.0 0.074 0.10 0.174 0.011 0.004 0.9
980521 1215 1.00 38 1.20 1.0 0.057 0.10 0.151 0.050 0.006 1.8
980528 1545 1.40 43 0.75 4.0 0.060 0.10 0.160 0.033 0.006 1.2
980603 1245 2.10 32 1.30 4.0 0.039 0.10 0.139 0.028 0.004 0.9
980609 1515 6.00 46 5.60 98.0 0.035 0.14 0.175 0.080 0.008 0.7
980615 1415 7.10 29 2.60 49.0 0.029 0.10 0.129 0.043 0.005 0.4

.._...~8~~1- __~~~' .!.~Q . ~~ ..I:!.Q. ... .8.0 __ ~._~~~ .. O;.!Q. _....Q._~~ ~C?~~_ ._..O.~ l-.. O~
980629 1420 11.10 22 1.90 2.0 0.028 0.16 0.188 0.051 0.008 0.1

0.5 0.016 0.10 0.116 0.015 0.002 0.4
0.5 0.017 0.10 0.117 0.015 0.004 1.1
0.5 0.025 0.10 o.ns 0.011 0.004 0.1

98.0 0.074 1.90 1.960 0.195 0.100 3.2
8.8 0.040 0.36 0.399 ** 0.054 ** 0.02S 1.3 **

~ ~ . ~ ....,..............,., ~-,
-...--.. .~. -"..~-_ ..
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Table 2-4: Heavenly Ski Resort 1998 water quality monitoring data from station HV-C3. Heavenly Valley Creek at the Property Line.

- This station is located just above the Forest Service property line and subdivision development. at an elevation of 6,620 ft.

Specific Suspended Total Total Total Total Soluble
Date Time Discharge Conductivity Turbitity Sediment Nitrite/Nitrate Kjeldahl N Nitrogen Phosphorus Reactive P Chloride

(cfs) (mmhos) (ntu) (mglL) (mglL) (mglL) (mglL) (mglL) (mglL) (mglL)
CRWQCB Standards --- _. - ... 60 .. - --- 0.19 0.015 --- 0.2
First Quarter

980316 1015 0.08 44 LSOI 3.0 0.026 0.12 0.146 0.022 0.006 0.9
9803251 11001 1.40 47 2.401 2.0 0.0191 0.19 0.2091 0.022 0.008 1.1

Second Quarter
- - ,-------.. - .------_.- -------- --:-.--------

0.027980402 1100 0.62 46 0.75 1.0 0.13 0.157 0.010 0.004
~------ ·---1000 5S' ----------- ----(0 -_.- --

Ool8 -------- 1-------
980409 0.32 1.00 0.025 0.205 0.010 0.004 0.5

--iff04 16 r-------------
0.34 58 0.98

_._--- _.=- ---(fUJI ---0-:-12-~- 0.151 O.OlS-
~----- --915 O.S 0.006 0.9

980423 1500 - 1.30 40 1.10 1.0 0.019 0.10 0.119 0.015 0.006 0.4
980428 1420 1.30 44 0.82 1.0 0.015 0.10 0.115 0.018 0.008 0.6
980507 1415 1.60 43 1.10 2.0 0.016 0.10 0.116 0.018 0.006 J.3
980515 1315 1.00 41 0.72 1.0 0.024 0.16 0.184 0.015 0.004 0.6
980521 ISIS 1.50 46 1.00 4.0 0.015 0.10 0.115 0.028 0.008 1.4
980528 1530 1.40 45 0.76 2.0 0.050 0.10 0.150 0.030 0.006 1.2
980603 1400 3.00 37 1.30 7.0 0.015 0.10 0.115 0.075 0.004 0.9
980609 1600 8.80 25 5.00 88.0 0.028 0.15 0.178 0.090 0.008 1.2
980615 1530 7.60 27 4.00 207.0 0.020 0.10 0.120 0.060 0.006 0.5
980622 915 9.30 29 1.40 42.0 0.024 0.10 0.124 0.050 0.004 1.6

1130 --1f40------- f-----..---_._---
0.021 0.12 ---0.070- 0.008 0.9980629 24 1.50 23.0 0.141

Third Quarter
iii '----1.70 --66.'0980706 1340 12.60 0.022 0.12 0.142 0.065 0.008 0.7

7.60 --36 1-------_. -----jO.O 0.021 0.29 0.311 0.080 0.010 0.4980716 1110 2.00
980720 1030 6.00 29 1.10 6.0 0.019 0.11 0.129 0.020 0.004 0.5
980728 1130 4.00 45 1.20 4.0 0.013 0.11 0.123 0.015 0.006 0.1
980804 930 3.70 37 0.95 2.0 0.016 0.10 0.116 0.030 0.004 0.1
980908 1130 1.90 39 0.70 1.0 0.010 0.10 0.110 0.018 0.002 0.5

Fourth Quarter
981007 lJ 15 1.00 40 0.86 0.5 0.008 0.10 0.108 0.015 0.004 0.3

981202 1230 0.37 49 1.00 0.5 0.012 0.15 0.162 0.015 0.002 1.0

Annual Minimum 0.32 24 0.72 0.5 0.015 0.10 O.lIS 0.010 0.004 0.4

Summary Madmum 11.40 58 S.OO 207.0 0.050 0.18 0.20S 0.090 0.008 1.6

Average 3.67 40 1.45 20.6 0.021 0.13 0.148 ** 0.034 ** 0.006 0.8 **

• Total Kjeldabl N values reported as 0.10 mglL an: ac'ually less 'han 'his minimum detection limit, however, this minimum value was used to calculate total N concentration.
•• nll:se values Cltceat the annual average or 90th p.:ra:ntill: Slale slandard for Ihe constituent.

N
I--
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Table 2-5: Heavenly Ski Resort 1998 water quality monitoring data from station 43-H5, Hidden Valley Creek baseline station.
This station is located just aVOf the confluence with Tfout Creek, at an elevation of 6,680 ft.

Specific Suspended Total Total Total Total Soluble
Date Time Discharge Conductivity Turbidity Sediment NitritelNitrat Kjeldahl N Nitrogen Phosphorus Reactive P Chloride

(cfs) (mmhos) (ntu) . (mWl) (mgll) (mgll)· (mall) (mall) (mgll) (m2/L)
CRWQCB Standards --- --- --- 60 --- --- 0.19 0.0IS --- 0.2
first Quarter

"-0:----'--" -.' -------------'--'-ejjom -----[345 2.1
.;--._---~---_.

NS O.H I - 0.007 0.23 0.231 0.045 0.010 0.3
980327 1125 1.9 56 2.6 I 0.007 0.16 0.161 0.028 0.012 0.1
980330 1500 2.5 57 2.0 2 0.008 0.19 0.198 0.032 0.008 O.H

Second Quarter
980409 1100 1.4 69 1.4 I 0.005 0.36 0.365 0.022 0.008 0.1
980414 1300 1.1 64 ----l.1 I

, ..
0.006 0.0200.45 0.456 0.008 0.3

980420 1515 1.6 66 1.5 2 0.006 0.34 0.346 0.020 0.008 0.1
980427 1415 2.3 62 1.8 2 0.008 0.10 0.108 0.02S 0.010 0.5
980504 1300 2.1 II 1.6 3 0.009

1-._--- --oT69 ---
0.10 0.02S 0.008 0.8

980511 1250
---~

SO l.S I 0.006 0.24 0.246 0.020 0.006 0.41-._----- ----'-' ---_._- -.
0.009

-_..
0.040 0.0H)980520 1530 1.1 54 1.4 2 0.10 0.109 0.2

980528 1330 1.9 50 1.3 2 0.010 0.10 0.110 0.018 0.008 0.4
980603 1500 3.4 48 1.0 3 0.002 0.10 0.102 0.030 0.014 0.1

r-980610 ~----930 - 5.5 28 1.0 4 0.006
r--

0.10 0.106 0.018 0.005 0.2
980615 915 10.0 23 1.4 15 0.008 0.10 0.108 0.028 0.006 0.1
980624 80S 11.0 20 1.3 9 ilOO4 0.11 0.114 0.022 0.004 0.6
980629 1000 11.3 20 1.3 16 0.005 0.22 0.225 0.048 0.008 1.0

Third Quarter -7----··- '.- ------ ---- -.---_.._-
~~80707 1340 15.4 18 1.0 10 0.005 0.16 0.165 0.032 0.006 0.1

980715 1340 10.8 20 1.0 II 0.005 0.10 0.105 0.022 0.008 0.3
980720 915 9.3 19 0.8 5 0.001 0.24 0.241 0.020 0.004 0.2
980728 1330 3.8 39 0.6 4 0.005 0.14 0.145 0.022 0.008 0.1
980804 840 2.6 33 0.1 I 0.001 0.10 0.107 0.018 0.008 0.1- -- 4-"-f---- ------ ---0.011

._-~1--------.--- ---0"1>28' 0.008980908 1030 1.4 0.8 I 0.10 0.111 0.4

Fourth Quarter
9810071 1500 1.0 11 0.5 I 0.006 0.10 C1.I06 0.030 0.010 0.3

Annual Minimum 1.0 II 0.5 I 0.001 0.10 0.101 0.018 0.004 0.1
Summary Ma.lmum 17.3 69 1.6 16 0.011 0.45 0.456 0.048 0.014 1.0

Average 4.9 38 1.J 4 0.007 0.17 0.178 0.027 ** 0.008 0.4 *.

NS= not sampled
• Total Kjeldahl N \'lIlul:5 reported as 0.10 mlVL I1rc I1clually less lhan Ihis minimum delL'l:lillll limil. however, Ihis minimum value was usc:d 10 calculale 101111 N coneenlralion.
•• These value5 exceed lhe annual average or 90lh pera"uile slale standard for lhe collSliluenl.

"'"I-"'"



Heavenly Ski Resort
1998 Environmental Monitoring Report

California Parking Lot Drainage (Bijou Creek)

2-13

I,

Flow from above and within the California Base parking lot drains into a system of
underground vaults that are designed to absorb and retain oils, metals, and sediment. The
filtered water then flows through a culvert and reenters an open channel on a tributary to Bijou
Creek, approximately 200 feet northwest of the parking lot. There is one station immediately
below the parking lot's culvert outlet (HV-C4, 6,530 ft.). Two samples were collected at this site
during the year: a runoff sample in March and a fall rain event (> 24 hours) in September.
Table 2-6 shows all constituent .concentrations measured and applicable standards for the 90th
percentile values. Most cOnstituents were lowest during the September rain event when
precipitation was lite and steady, accumulating about one inch of rain over more than one day.
All constituents with state standards (turbidity, suspended sediment, total N, total P, oil &
greas~, and total iron) were exceeded during the March snowmelt (Table 2-6). During the
September event, only total P and total iron concentrations exceeded the standards (0.25 mglL
and 3.7 mgIL, respectively). Total iron was 7 to 13 times greater than the standard. Compliance

. with the oil and grease standard is unknown for the September sample, since the result was less
than the method detection limit of 5 mgIL while the standard is 2 mglL.

l/l~



N,-....

Table 2-6: Heavenly Ski Resort 1998 water quality monitoring data fro~ station HV-C4, Bijou Creek below California Parking Lot.
This station is located below the culvert outlet draining the parking lot offof Wildwood Ave., at an elevation of6,530 ft.

Specific Suspended Total Total Total Total Soluble
Date Time Discharge Conductivity Turbidity Sediment NitritelNitratl KjeJdahl N Nitrogen Phosphorus Reactive P

(cfs) (mmhos) (ntu) (mwl) (mgll) (mwL) Cmwl) (mwL) (mgll)
CR,WQCB Standards .. - _.. 20 50 --- --- O.S 0.1 ---
First Quarter

980311 12301 0.4 278 18 364 0.039 0.52 0.559 0.19 0.016
Third Quarter

980909 8001 0.4 173 16 22 0.054 0.1 0.154 0.15 0.07

Values in bold italics exceed State standard for the specified constituent on that collection date only,

_ __-- -- -- lilIIiiillMl - III·•··.'••'II'lii'..illlililillililil.iIIW
,'- ;,~ - ,"

.... .,..J'

-~

Oil and Total Total
Date Time Chloride Grease Iron Lead

(mgll) (mgll) (mglL) (mvJLI)
CRWQCB Standards --- 2 O.S ---
First Quarter

980311 1230 250 6 6.6 0.01'
Thrid Quarter

BOOr-- 3.7,0:01-980909 34 <:.5

--
~
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Dramatic drop:
Officials credit
crackdown on'. .manne englnes.
.,.leff DeLong
RENOGAZE1TE.JOURNAL

Gasoline compounds found
ill Lake Tahoe decreased dra­
matically this summer from

.1998 levels,su~ that a
crackdown on polluting ma­
riDe enaiDes is having the de­
sired effect.

Scientists from the Univer­
sityofNevada, Reno, Univer­
sity of California-Davis and
U.S. Geological Survey said
Monday that gasoline pollu­
tants found in the lake
dropped ·by an order of
mqnitude,·

...... Mpo levelsofthe fuel addi­
ttveMTBE'fell-by more than
95 percent while levels of the
compound toluene dropped
lOme 88 percent, said John
Reuter, a scientist with Ue­
DavisTahoe Research Group.

·There definitely was a
fairly substantial decrease ill
all ofthe areas we measured,·
UNR's Glenn Miller said, •At
a miDimum, there's been a 50
pe:rcent decrease. Sometimes
It's as much as 90 percenL·

Scientists aFe the reduc:­
tion appears directly liDked to
the Tahoe Regional Planning
Agency'dune 1999 han onthe
carbureted two-stroke mariDe
engines that power most types
of Jet Skis and other personal
watercraft, as well as many
outboard motorboats. The
agencytargetedtheenginesbe­
cause they discha'le 25 per­
cent or more of thear fuel lID­
burned,

Extensive IlImpliq of the
lake's waten was conducted
ill 1997 and 1998. Wlien sci:-

. Gasoline compounds measured
at Lake Tahoe. Measurements
are micrograms per titer. (MTBE
Is methyl tertiary butyl ether.)
~ Toluene

Raw 1887:0.13
MTBE 1118: 1.0

~=~~ 1e:.~~•. Fro~~~e IA .
ToI~ MTBE . '. ~versl~l crackdown:·
1888:15' 1187:0.54 ,1. Tha~ s w~erewe wfre he~ded
1111'024 1188:0.28 With this thingt and 1m delight-
Tahoe CIty 1189: 0.04 ed,- Baetge said. "After all the

MTBE Tahoe trouble 'that we went through
1187:2.85 M.edo_ with ~his thing, it makes me feel
1198'11 : - MTBE good. .
1999:0'04 1117:1.4 The Tahoe Research Group
T~ 1111:0.4 took Slitnples at 10 locations
1187'124 Toluene around the lake as well as in mid-
1118:064 1897:0.84 lake.
1811:0'14 1811:0.1l! • Decreases in methyl tertiary
~ . SIdR~ butyl ether - which could be at-
VUIege ~o 17' .tn~u!ed t~ more, MTBE-free

MTBE .'.:0'4' gasoline beIng sold.m the area ':""
1187:0.45 .~:. T~' ,were "matched With drops In
1188'084 1187'7.8 toluene levels.
11198: o'os 1811: 3.9 FOl;lr-smelling ~TBE, added to

• . • ,asobne to make It cleaner bum-
Source: Selected examples of .Ing, is sl;lspected to cau~ cancer;
water samples taken by Unlver· ;toluene IS a known carcinogen•.
sity of California, Davis and Uni- l: The ttst results iIldicate the
varsity of Nevada, Reno .' ". '

entisli returned in summer
1999,levels ofgasoliDe com­
pounds had decreased sub-
stantially. . .

"We found levels were
much lower this summer than
they were the previous Sum­
mer,· said Mike Lico, a USGS
researcher. ·It's pretty clear- .
cut the actual source probably
was two-stroke engines. Now
that we've taken them off the
Ialcc, we're seeiDg that source
takenaway.·

Told of the findings Mon­
day, TRPA Executive Dirct-·,
torJim Bactgc said theyvindi­
cate his agency's highly con-

......Oa;.~ ..~.,:.. .. ..- ~ •
. ., SccTAHOE on sa

tWG-Cf.cle ban probably is reo
sponslble for the change, Reutel
said.

The USGS also measured l
dramatic drop in MTBE at Echc
Lake west of Lake Tahoe. .

High levels of MTBE still were
found at some marinas and othel
places of high boating activitf.' 8
fact Reuter attributes to bilge
draining and possible spillage of
gasoline during refueling. .

"I believe the regulation was
very much responsible for the re­
duction of gasoline in the lake,·
UNR's Miller said. .

Baetge praised the level of co­
operation bct\\'eeo often-eompct.
ing researchers at UNR, UC;
Davis and USGS. He said scien­
tific studies conducted in the
past three years and associated
regulations his agency adopted
should serve "as a perfect model
of how things should happen at
Lake Tahoe.·
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The Role of Science-based Decision-making in
Adaptive Watershed Management

For effective lake management,

understanding is needed of the following:

mitigation project will have a significant effect on
lake water quality. It is clear that future research
and monitoring must address such issues as the
effectiveness of best management practices.

(BMP), the potential reduction of nutrient and
sediment loading, with its subsequent impact on
the nutrient budget and lake response, project
design, project monitoring, and priority ranking.
This approach is critical to the future of
restoration efforts in the basin.. Management
needs a comprehensive watershed approach.

Agencies require technical products to more

specifically identify sources. of nutri~nts:.and
sediment, to assess the effectiveness 'of
restoration BMPs, and to help guide· erosion
control prioritization as project implementation
begins to tamp up in magnitude.

While sediments and nutrients are the
major problems that must be addressed to meet

desired conditions for lake clarity and algal
growth, other pollutants also affect aquatic
ecosystem processes. These include MTBE and
other boat fuel chemicals, toxic organic
chemicals, such as pesticides and PCBs, and
materials leaking into the ground water from
underground storage tanks. The scop'e of this
portion of the watershed assessment focuses
primarily on the issue of lake clarity; however,
this focus does not imply that these additional
water quality issues are not of concern.

Lake Tahoe Watershed Assessment

uter and Wally W. Miller

quality in Lake Tahoe has been
rinuously since the early 1960s, and
as been increasing at a rate greater

ent per year. Correspondingly, there
line of clarity at an alarming rate of
t per year. This long-term trend is
riificant and now can be perceived
,sual observer. rf the loss of clarity

's predicted that the lake will have
'ately 20 meters of transparency by:

,ring Secchi depth of 12 meters wilL·
'" accompanied by a change' of lake

ttnanent change in trophic status; ." .
; significant portions of the' o'nce .
.re urbanized. Studies from 1962 to

'n that many factors, such as land
,abitat destruction, air pollution, soil'
oads, have all interacted to degrade

:'~ quality, terrestrial landscape, and
as the lake itself. However, some

'f features that maintained the
:Storical water quality in Lake Tahoe
'ts future. Once nutrients enter the
. in the water and can be recycled
.s a consequence, these pollutants
,er time and contribute to Lake
essive decline. The ability of the
~!hutrient and sediment loading to

re is no significant affect on lake
s been lost.

'~hoe basin is a complex ecosystem
dual' watersheds and numerous

:as. Much urbanization is in the

;p:~ that drain directly to the lake. It
~"expect that completing any single

t, TIC RESOURCES, WATER QUALITY, AND

t· LOGY OF LAKE TAHOE AND ITS UPLAND

'RSHED

i'~TER FOUR
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Chapter 4

• What are the specific sources of sediment
and nutrients to the lake and what are
their respective contributions?

• How much of a reduction in loading is
necessary to achieve the desired

thresholds or total daily maximum loads

(TMDL) for Lake Tahoe (i.e., lake
response) ?

• How will this reduction be achieved?
The watershed approach taken at Lake

Tahoe for many decades recognizes that lake
water quality is linked to upland watershed
processes and air quality. Natural watershed
processes have been affected by the disruption of
natural ecosystem processes that treat runoff
naturally (e.g., wetlands, ground water infiltration,
and vegetation) and a' changed landscape that

alters hydrology and promotes the accelerated
loading of nutrients and sediment (e.g.,
impervious 'cover, road network, habitat

disruption, and land disturbance). Successfully
implementing land, air, and water quality

restoration "."projects', i~, considered the ,only
realistic avenue to arrest further decline in lake

clarity. Scientific 'efforts must be focused on

restoration,objectives and must be coordinated to

obtain information needed for adaptive
management.

Hundreds of scientific papers and reports
have been written on many aspects of Lake
Tahoe, its watershed, and its water quality since
studies first began more than 40 years ago. This
chapter of the watershed assessment uses a
significant portion of this information to answer
a series of questions associated with the following
three critical issues:

• Issue l-The need to understand and
quantify, where possible, the links
between urban and natural features of the
watershed landscape and the loading of
nutrients and sediments to Lake Tahoe.

• Issue 2-The need to determine the

extent to which discharge of sediment
and nutrients from basin watersheds can
be effectively reduced by management or

restoration activities.

• Issue 3-The need to understand how
Lake Tahoe will respond to watershed
restoration projects.

216

The goals of this

summarized by the products
include:

• A comprehensive review of past
with the focus of assessing both
and lake water quality (a review"

magnitude is lacking for the
basin);

• A focal point that consolidates
and future knowledge;

• A roadmap for future proposed
and monitoring;

• New scientific information on a
of critical issues, including the d

dis~olved oxygen in portions
Tahoe and the effects of fire (pt'
o~ natural) on nutrient cycling; a

• A review of important hydrol,
ecological processes in the Tah
th~t, ,require consideration
formulation and implementa"
restoration projects ~nd strategy.

" .Th~ assessment was successfule
. to the public~tion of this final report in t'
served to galvanize scientific thought in
and to reinforce the importance oL
adaptive management at the watershed 1

In the remainder of this s
salient findings reported in this portio
assessment are presented. In particular
placed on those findings with direct and
application to restoration and adaptive m,

This chapter does not provide a prescripti
for restoration; rather it provides key info "
science-based decision making, Equally as .
it emphasizes those areas where
knowledge is insufficient.

, Environmental Setting,

Lake Tahoe lies at the crest or:

Nevada at an elevation of 1,898 m
California and Nevada. The drainage

square kilometers (km2), with a lake '.

501 km2, producing a ratio of only 1.6
is in a montane-subalpine watershed

by coniferous vegetation and nutrient'
Sixty-three streams flow into the lake,
Lake Tahoe is the world's tenth deepe~

a mean depth of 313 m. Its volu



Lake Tahoe Watershed Assessment

th a residence time of about 700 years, and
e is ice-free year-round. The depth of

. mixing varies from 100 m to >450 m,
'ng on winter storm intensity. The extent
'ng is directly related to interannual

ces in algal growth because of the
\Jetion of nutrient-rich water from the

portions of the lake (Goldman and Jassby
The amount of algal primary productivity
,the extended summer season is fueled by

.ts that mix up from the bottom waters,

e lake via surface and subsurface runoff,
ded by atmospheric deposition to the lake
" or are recycled by bacteria and other

t micro·-biota. Lake Taho~ was once

.ed as ultra-oligotrophic (Goldman 1974);
'Y' nutrient content, low plant productivity,
'gh transparency. However, because of the
, g decline in clarity and rise in algal growth
ts trophic status (level of fertility) has been
g toward a meso-oligotrophic status.

, iog Water Quality

Many of the world's lakes have been subject
"rural eutrophication. The anthropogenic

ent of waters usually r~sults from nutrients
a stream ,or Ia:ke'fro~ septic tanks and

,.; treatment plants;, agricultural and urban
,or the disturbance of land during lumbering
an development. 'These additional sources

y occur at rates that greatly exceed natural
'-; When nutrient content is too high the
g dense growth of algae causes a change in

.e's color, reduce light penetration, and lower
",ed oxygen to a point where aquatic organisms

longer survive. Because of Lake Tahoe's

"y low fertility it historically has been a
e,waterbody. However, extensive research and
.ring has provided clear evidence of the onset
tural eutrophication in oligotrophic Lake

:. (Goldman 1988). Continuous long-term
pan of lake chemistry and biology since the
1960s has shown that algal production is

at a rate greater than five percent per year,
corresponding decline of clarity at the

rate of approximately 0.3 meters, or 1.2
:er year. Not only is the long-term trend of

clarity statistically significant (p<0.001), it
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is now visually obvious. Secchi depths typically range
from >15 to <25 m, depending on season and year.

Lake water clarity is measured using a
number of techniques. Most commonly, clarity is
expressed as a Secchi depth: the depth at which an
eight-inch white disk is no longer visible from the
surface as it is lowered into a waterbody. Regular

measurements at the DC Davis/Tahoe Research,

Group Index Station began in 1967 and have been
made on average every 12.2 days since then Oassby

et al. 1999). In earlier synoptic studies of lake

primary productivity, Goldman found the Index
Station to represent whole lake conditions (Goldman
1974). Scientific data shows that Secchi depth is

directly related to the amount of suspended matter in
the water Oassby et al. 1999). This suspended matter

is composed of both biotic materials and suspended
inorganic silt or sediment

Extensive research on the spatial
distribution of free-floating algae indicates a marked
correspondence between the highest algal growth
rates and the most extensive shoreline development.
Lakewide studies have shown that the central
portion of the lake historically has been
characterized by relatively· fewer alga~, with areas
near south and north shor~. developil:1ents exhibiting

enhanced production. Similar studies of the attached

algae also demonstrate this pattern. The dramatic
differences in algal growth on rocks at various
shoreline locations are ii~ked to nearby development
and are immediately visible to the largely shore­
bound populace.

IroniCally, soine, of the same features that

maintained the exceptional historical water quality in
, Lake Tahoe now threaten its health under current
conditions of increased nutrient and sediment
loading. Tahoe's large depth and volume once acted
to dilute pollutants to a level of no significant affect;
this is no longer the case. Once nutrients enter the
lake they accumulate in the water and are available
for use over and over for decades. This
phenomenon has crucial implications when the
results of watershed mitigation and restoration
projects are evaluated.

Research also has shown a fundamental
shift of algal growth by nitrogen additions from
frequent stimulation to almost exclusive

phosphorus stimulation (Goldman et al. 1993).
This response of Lake Tahoe algae to nutrient
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Characteristics of Nutrient Loading;;

Tahoe Tributaries, over Daily, Seasonal,
and Interannual Time Scales-with Emp
Phosphorus

Prior to 1980, tributary nutrient I
monitored as part of basic research, as
existing, albeit limited, water quality and s"

monitoring, or as part of specific proje
many of which were focused on highway;'
and discharge. By the late 1970s, these .

were no longer of sufficient scope or a
such a manner as to provide the extensiv
needed for land use' plai:ningand
management. In 1979, the LTfMP was esta
meet these growing needs. LTIMP now c
IOta 15 federal, state, and local agencies.

Nearly 20 yeats of data from r;
been used for many purposes, indu .
control planning, capital improvement c
projects, environmental policy, communi'
planning, and basic research support.
federal planning and enforcement agen
base their decisions on data that will wi

....~'
most careful scrutiny. Long-term montto
lake and its tributary streams, as.'
accomplished by the LTIMP program, is r.
part of the adoption of the Basin 208 Plan..

Considerations), Heyvaert' and

unpublished) have found that.
sedimentation losses to the bottom ,j

Tahoe are 401.7 MT for total nitrogen,
MT for total phosphorus. These num

remarkably well with the independent
estimates given above. This close agreem
increased confidence that the loading
representative.

LTIMP Tributary Monitoring

Sampling Design alld

basic, long-term tributary monitorin
LTIMP is currently operational on te

basin's 63 tributaries at primary sit.

sampling is done near the point of in.flo ,
Tahoe. These streams include five 10 ,

(Ward Creek Blackwood Creek, Gene
, k)'

Upper Truckee River, and Trout Cree "
in Nevada (Edgewood Creek, Loga,

I· CrCreek, Glenbrook Creek, Inc me

233.9 (56%) 12.4 (27%) 5.6

81.6 (20%) 13.3 (29%) 2.4

41.8 (10%) 15.5 (34%) 5.0

60 (14%) 4 (9%) 4

0.75 «1%) 0.45 (1%) No Data

418.1 45.7 17.0

Nitrogen (MT) Phosphorus (MT)

Total Total Soluble

INPUTS

Atmospheric

deposition

Stream loading

Direct runoff

Ground water

Shoreline erosion

Total
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Losses-As discussed in much further
detail as part of Issue #3 (Mass Balance

or TP was calculated to be roughly equivalent to the
load in urban runoff from five acres of medium­
developed residential or two to three acres of tourist­
commercial property.

Summary ?! Inputs-The summary values
presented below represents an initial estimate at

quantifying the nutrient sources to Lake Tahoe.
Depending on the amount and form of precipitation,
individual water years will differ. Efforts are
underway to provide estimates of both interannual

and measurement variation to these values (Reuter,

unpublished ).
Our estimates suggest that approximately 17

MT or about one-third of the TP load, is in the,
form of soluble-P and is immediately available for
biological uptake. Values of this magnitude are not
uncommon in the scientific literature (Reckhow and

Chapra 1983; Hatch 1997). While it is important to
understand the sources and process that render
phosphorus available for algal uptake, it is
noteworthy that many of the empirical models
developed for lakes to relate phosphorus loading to
trophic status or algal biomass are based on total-P

(Reckhow and Chapra 1983). Studies are underway,
but more are needed to elucidate' the factors
controlling transformations between th~ TP and

soluble-P pools. This research must look at both

watershed and in-lake processes.

The results at this time clearly suggest the
importance of direct runoff from urban areas and
highlight the need for additional study in this area.
As restoration projects are targeted and adaptive
management proceeds, it will be very helpful to have
more detailed data on the specific sources of
nutrients within each of the major categories
discussed above. Restoration should give priority to
those areas that contribute most to the nutrient
loading budget.
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Creek). However, LTIMP includes an
'nal 22 upstream sites on these tributaries,

irst, Second, Wood, and North Logan
'Creeks. The reader is referred to excellent
'ries of the LTIMP stream monitoring

by Rowe and Stone (1997) and

.: ton et al. (1997).
,; Estimated runoff volumes from each of

'tributaries and for each intervening zone is
'in Marjanovic (1989). The watershed

e that drains into LTlMP streams

,ises just under 50 percent of the total basin
'ad slightly greater than 50 percent of the
':' ,'butary runoff. The Upper Truckee River
C'ontributes 24 percent of the total tributary

now Creek in California was part of the

, sampling design between 1980 and 1985,
"'no longer monitored.
. The LTIMP streams are monitored by
'GS and TRG. TRG performs nutrient
ry, and the USGS analyzes sediment. Field
ments include instantaneous and total

ge, specific conductance, and temperature.
e period of record, the following forms of
oros and nitrogen have been measured:
'+~itrite), ammonium, TKN, dissolved
,,~N (DKN), SRP, total reactive-P (TRP),

'Jhydrolyzable-P (THP), dissolved

able-P (DHP), total dissolved-P (TDP) ,
'biologically available iron (BAFe), and

BAFe. Since 1994, nutrient analysis
includes nitrate, ammonium, TKN, SRP,
, and total BAFe. Typica}ly, 30 to 50

r:are taken each year representing stream

, precipitation, and surface runoff
Samples are collected with a depth­
g sampler and are mixed in a churn
Samples for dissolved P analysis are
on-site through 0,45 Ilm membranes.
,,£lIes for SRP, TDP, and TP raw stream

,'Stored at 4 'C for transport and storage
,boratory until analysis. Detailed LTIMP
ry standard operating procedures and
,~Sl.lrancelcontrol protocol can be found

~r et al. (1993). Hatch (1997) provides
, specific methodologies used to measure
trations.

,1 ree important milestones exist for the
ibutary monitoring activities. The first
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milestone was its inception in Water Year (WY)
1980 (October 1979 to September 1980). At that
time only Ward Creek, Blackwood Creek, Trout
Creek, Upper Truckee River, and Third Creek
were sampled. By WY 1981 this was expanded to
include General Creek and Snow Creek. The
second milestone was in WY 1988 when the

number of stations in Nevada was increased as

the USGS Carson City extended its astivities in
the Tahoe basin. By 1991 all of the 10 current

stations were in operation. Because of funding

difficulties, only Ward Creek, Blackwood Creek,
General Creek, and the Upper Truckee River
were sampled in WY 1986 and WY 1987. The
third milestone was in the early 1990s when the
basic LTIMP tributary program was again

enhanced to include multiple stations (a total of
three per tributary) on Incline Creek, Trout
Creek, Ward Creek, and the Upper Truckee River.
This multiple station monitoring on these
tributaries has been continuous since WY 1991.

Data for the LTIMP nutrient (and
sediment) sampling is available from a number of
sources, From WY 1980 to WY 1988 the TRG
published a series of annual reports, but ensuing
LTIMP budgets were significantly reduced, and

, support was no longer available to produce these

reports. In calendar year 1994, the TRG submitted a

data report to the Lahontan Regional Water Quality
Control Board that summarized stream nutrient
concentration and load calculations from WY 1989

to 1993. Since then, the TRPA produces an annual
report that summarizes the' nutrient loading data

calculated by the TRG. The raw concentration data
also is published in the water resources data reports
issued by the USGS-Ne~ada. Research papers and
technical reports on this topic are available from the
USGS, the TRG, and the TRPA.

A Brief Description of LTIMP Water.rheds­
In addition to the following brief descriptions of
the primary LTIMP watersheds, data
characterizing all the Tahoe basin watersheds
(e.g., drainage area, channel length, elevation
ranges, and slope), are available from the USGS
Oorgensen 1978; Cartier et al. 1995).

Ward Creek on the west shore of Lake
Tahoe is primarily underlain with volcanic soils

scoured by glaciers. The watershed is bound
within a steep-walled canyon, with extensive
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human development near the mouth. As with the
other nine LTIMP watersheds, the Ward Creek

watershed experienced heavy logging during the

late 19th century (Leonard and Goldman 1982).
The upper portion of Ward Creek's north fork

contains a recreational ski operation.
The Blackwood Creek watershed (west

shore) is primarily underlain by volcanic and

surficial deposits. The watershed IS largely
undeveloped, except for housing within 0.5 km of

the lake; however, past disturbance has included

logging, gravel excavation from the
streambed/ streambank, grazing, and tire. Most
roads in this watershed are unpaved and
subjected to intensive recreational off-road
vehicle use.

General Creek (west shore), adjacent to
Blackwood Creek, has been considered a
"control" watershed because it has remained
relatively undisturbed due to its location within a
state park. This watershed has the lowest road
density of the nine LTIMP watersheds. The upper
regions of this watershed are underlain by
glaciated granite and are in the Desolation
Wilderness Area. Lower watershed areas are
primarily underlain by surficial deposits.

The Upper Truckee River (south shore)
watershed has the greatest area and stream

discharge of all Tahoe watersheds (Dugan and

McGauhey 1974). The lower meadowland reaches
of the stream are extensively developed with
housing, roads, commercial/industrial areas, golf
courses, and an airport (Leonard and Goldman
1982). The lower watershed is composed of deep
alluvial soils, while the upper undeveloped
reaches contain steep granitic soils with some
volcanics at the south end.

The Trout Creek (south shore) watershed
is immediately to the east of the Upper Truckee
River, with two major subwatersheds of Cold
Creek and Saxon Creek. The lower reaches of
Trout Creek flow through flat meadowlands

subjected to extensive human development, but
the undeveloped upper watershed is composed of
steeper gradients and mixed coniferous forests
above 2,800 m (Leonard and Goldman 1982). A
large ski resort covers a significant amount of the
steeper watershed areas. Trout Creek and Upper

Truckee River converge near the lake in the
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Upper Truckee Marsh, which was

extensively by excavation and constrUct{
large housing subdivision/marina in the 1

Logan House Creek (east s
relatively steep along its entire length.

underlain by metamorphic and graniticr
watershed has the lowest road length,

smallest area of the nine LTlJ'viP watersh

watershed is largely undeveloped, and"
other watersheds on the east shore, it

receives half the precipitation of the w .
due to a "rain shadow" effect. .

Glenbrook Creek (east shore) is,
the Logan House Creek watershed and c
primarily of volcanic and decomposed gr .'
The upper regions are steep and undevelop'
the middle regions have extensive highway r
The lower watershed area is relatively flat
to moderate development. Glenbrook Gol
is within this watershed.

The Incline Creek
watershed consists of
primarily underlain by granitic be
scattered volcanic deposits. The upper p
watershed are forested subalpine bowls,

lower sections are less steep and consist b,

wash deposits. Human development is.'
near the lakeshore, including residen

commercial structures, golf courses, and as:

The Third Creek (northeast,'
watershed is immediately west of Incline
also has been subjected to extensive)
disturbance, including two golf courses.
extends several hundred meters higher in

than Incline Creek, with the upper area con~

a large subalpine bowl. The lower ware,
narrow and relatively steep. The Third an
Creek watersheds experienced heavy distur
the 1960s and 1970s while Incline Village
constructed. The mouths of these twO s
less than 50 m apart. Third Creek was the'
large snow avalanche above Highway

February 1986.

Stream Phosphorus
Transport

Phosphorus source/ sink beha.
much more difficult to characterize than i

-3 .
nitrogen. Although phosphate (P04 ) I,
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nd therefore quite mobile, it has a

ropensity to become strongly attached
'. and organic particulates. Consequently
;'ty in watersheds is related to sediment

; Dissolved P moving through the soil is
by adsorption, desorption, and biological

.Particulate P levels, on the other hand,
with the condition of a stream channel
am discharge, Recent research suggests

!Uso can form mobile complexes with
"organic colloids (Rhea et al. 1996;

1998).

among- Movement of Nutrients, Water,

ment

Incline Village Tributaries-Glancy (1988)
,d a report on streamflow, sediment
_,_' and nutrient transport at Incline Village
70 to 1973. That study was designed to

. a basic knowledge of fundamental
we parameters within the Incline Village
ea, to provide some local perspective on
.or suspected basin-wide problems, to
rate the technical and economic
, of acquiring certain types of essential

c knowledge, to launch a fi'rst

,arion effort to obtain data on nutrient
.. ~, by streamflow, and to provide databases

-' wledge to, allow and encourage more
.- and efficient future studies, The
~.n below was taken directly from that

,o,he nutrient data used in Glancy (1988)
m previously published progress reports

;1971,1973, 1976a, b). (A review of the'
t .,portion of this work is summarized later
, crion.) The nutrient data for this ,study
urposely collected during times of­
. sediment movement to assess
lls during periods of potentially intense
! The sampling strategy was not intended
ment seasonal or long-term changes.

_:uch of the evaluation focuses on Third
oe Creeks d t' ... , ata rom a slmtlar stuely for
,k Creek (Glancy 1977) also are

~:~~_; The studies include a discussion of a
,cr1;of form -117?::' s ot phosphorus and nitrogen

\fed ',ct, ' particulate, and total) as well as
land h d 1- - ', y rau IC discharge.
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The measured concentration ranges for
the three streams were similar, albeit, with a few
notable exceptions. Glancy concluded that the
"tentative study-period trends of ammonium and
ortho-phosphate suggest accelerated nutrient
movement during early phases of urban
development when effects of land clearing and
road construction may have triggered higher­
t~an-normal nutrient releases from freshly
disturbed surficial earth materials." He goes on to

state, however, that such an implication IS

tenuous because of insufficient data.
Nutrient movements near the mouths of

Third and Incline Creeks were analyzed both
graphically and by statistical regression. Plots of

nutrient transport rates versus streamflow and
sediment transport showed some apparent
relationships. This level of analysis indicated that
most nutrients moving to the lake tended to increase
as flow and sediment discharge increased. However,
Glancy noted that the overall poor graphical
correlations between most nutrient forms, and either
streamflow or sediment 'transport suggest that

nutrient movement may be influenc.ed by other

factors.
The statistical evaluations performed w~re

intended to supplement the graphical.
categorizations. Reliance on the linear regression

analyses was downplayed b~cause many of the

relationships among nutrient, tlow, and sediment
transport were curvilinear rather than linear. The
correlation coefficients indicated that nutrient

movement correlates better with sediment transport
than with streamflow. These observations support
the widely held contention that erosion and nutrient
transport to the lake are related. The fact that the
correlations for the less developed Glenbrook
watershed were better than for either Third or
Incline suggested that the relationship between
erosion and nutrient transport is better defined in
minimally developed areas. However, as Glancy
stressed, the numerically small correlation
coefficients suggest that the relations between

erosion and nutrient transport are probably quite
complex,

Data for Third and Incline Creeks further

. showed that fine-grained sediment «63 f-lm and
thus finer than sand) correlates better with
nutrients than does coarse-grained sediment (2:63

f-lm) in about two-thirds of the regression
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analyses. The regression equation exponents were

larger for the relationships between tine-grained
sediment and nutrierits versus coarse-grained

sediment and nutrients, perhaps implying that
nutrient transport is more sensitive to the
movement of fine-grained material. However,
many of the correlations for both coarse- and

fine-grained sediment were observed to be only
slight, and caution should be exercised in

interpreting these results.

Ward Creek-A comprehensive' paper on
nutrient transport in surface runoff within the'
Ward Valley watershed was published by Leonard
et al. (1979). Along with Glancy (1988), this
remains one of the most comprehensive peer­
reviewed works on tributaries in the Tahoe basin.
These two' documents have provided significant
background and intellectual guidance for not only
LTIMP but for many of the current investigations
into discharge, nutrient transport, and sediment
transport in Tahoe'si:ributaries. Below, excepts
from the extended abstract and conclusions from
the Leonard et al. paper are reviewed.

TRG' investigations of nutrient and
sediment transport in ',Ward Valley began in 1971.
LTIMP monitoring' has been continual since \VY
1980 and current UC Davis-TRG hydrologic and
sediment transport modeling focuses on Ward

Valley (Kavvas et a!' 1998). Quantitative data on

selected stream water parameters were collected
and evaluated by Leonard et al. (1979) for the
period from 1972 to 1975 at three stations on
Ward Creek, two on the main upper tributaries,
and one near the stream mouth. Comparable data
were collected at a stream mouth station on
adjacent Blackwood Creek in the third year. The
parameters were initially selected on the basis of
their importance In eutrophication of Lake

Tahoe, Sampling schedule and methodologies
were similar to the current LTIMP program in

that this study served as the ptecursor to LTIMP.
Sediment and nutrient loading to Lake

Tahoe from Ward and Blackwood Creeks reflects
a history of soil disturbance and vegetation
removal. Logging, fire, and stream channel
diversion have been dominant perturbations.

Precipitation throughout the watershed during a
normal year was primarily snow, but annual
patterns varied widely, and rainfall at any time of
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year can be important in sediment and nulJii
transport. Water discharge and the fl
suspended sediments, nitrate, phosphorus'
and trace metals was dominated by ,

snowmelt runoff from mid-April to mid
However, in 1974 heavy fall and summer:
accounted for a large percentage of the a
flux of sediments and nutrients in a total 0

14 days (this phenomenon has been obse

other years since this study but is not co

Spring runoff was characterized by distinct diel;
discharge patterns. Similar but not coin"
patterns were found to exist for sedimentS~

nutrients, including nitrate but not soluble-p}b
Ward watershed has 87 percent of the '

Blackwood but discharged proportionately
quantities of sediment and nutrients in te
comparable water yield, per hectare. This c
may be explained in part by the history of
disturbance in Blackwood Canyon.

The principal source of susp'
sediments in Ward Creek was streambank er
in the ,lower reaches of the channel.
dominant form' of inorganic-N was
derived .from pre'cipitation, terrestrial NZ-fi
and the nitrification of organic-N in forest
As observed by Glancy for Incline and
Creeks, organic-N dominated the total-N

Phosphorus and iron were almost entir
i
",

particulate form; thus, their dominant peri'"
flux occurred during high flows and se;
transport.

Five Year LTIMP Ret'ieu'--In 1986,'

and Goldman issued a report summarizing
five years of LTIMP. Findings of climatic

(precipitation and runoff) appeared to
dominant influence on stream water
Variation in water discharge is known to

confounding effect on studies of long-term
in stream water quality. The dominance of,
seasonal, storm-related, and year-to-year v

in discharge patterns can result in
fluctuations In volume-weighted
(Byron and Goldman 1986). The res
multivariate statistical techniques
the effects of water discharge

Blackwood and Trout Creeks had a signi
decreasing nitrate concentration over the
from 1976 to 1985. TP and TSS did no
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1992, and 1994) and three wet years (WY 1993,
1995, and 1996). For comparison, the WY 1981
to 1986 period included two years of drought
(WY 1987 and 1988) and six wet years (WY 1981,
1982, 1983, 1984, 1985, and 1986). The
representativeness of the WY 1989 to 1996 data
(eight years) must be interpreted in light of
drought conditions common during this period.

It is clear, however, that much of the interannual
variability in stream nutrient loading is due to

differences in annual precipitation.

Two common methods for calculating
annual and monthly concentration means are

unweighted and discharge-weighted averaging.
Unweighted averaging involves adding all
concentrations for a given period and dividing by the

total number of samples. Discharge weighting sums

the instantaneous concentration-discharge products
for a given period, then dividing this number by the
sum of all sampling event instantaneous discharges
for the same period. Discharge weighting \iaksich
and Verhoff 1983) may be useful to normalize for

differences 10 concentrations due to varying
discharges between sampling periods on a single
creek and between creeks with highly different

discharge ranges. Discharge weighting also gives
more importance to high discharge concentrations

(Galat 1990). Lewis et al. (1984) assert that for highly
variable discharge systems in mountainous areas,
discharge weighting best represents the chemical

constituents accumulated in proportion to discharge,

more accurately reflecting the conditions of the
receiving lake. Based on these considerations, the

discharge weighting method of mean calculation is
used in this study. Standard errors are calculated
using the instantaneous concentration values.

P loads (mass per unit time) were
calculated using the rating curve method for
individual water years as follows:

Log(TPj * Qi) =a + b * (Log Qi)
Daily Load (kg) = (Qdb) * (loa) * 86,400

* (10-9) * exp(2.65 * MSE).
The first equation generates the

regression constants a and b along with the mean
squared error (MSE) using all TPi (instantaneous
TP concentrations) and Qi (instantaneous
discharges) for a given water year and stream

station. The second equation uses a, b, MSE, and
Qd (mean daily discharge for a given day) to

le Watershed Scale

While nearly 19 years of data now exist

¢w LTIMP streams, many did not enter the

until the late 1980s. The LTIMP stream
'is consistent from WY 1989 to WY 1998

nine streams described above. Hatch
examined the LTIMP stream phosphorus

from WY 1989 through WY 1996. One
of that study was to characterize the

'~stream P data' set by examining and
g the P concentration and load
: on watershed. The discussion below
,cdy from· Hatch (1997). These analyses

I in understanding the variability of
delivery to Lake Tahoe at different
temporal scales. Identifying watershed

tics that are potentially influencing P

important to the future management of
n resources.

ta Reduction-During WY 1995, TOP
, for all stream samples, along with TP
atch 1997). Subtraction of TOP from
articulate P (PP), while subtraction of
DP yields dissolved organic P (DOP).

c' °4-3) is assumed to be estimated by
}ved inorganic P). These four
~. defined P fractions (TP, PP, DOP,

were examined anIv for WY 1995
;al TDP analnes f;r the rest of th~
1996 period' (typically only eight to
s per strear11 per year). Presentation

e WY 1989 to 1996 data set
. and P04-3 oolv.

1989 to 1996 period covered
,drought (W\· 1989, 1990, 1991,

'ficant trends over time, but this may have
"'related to the shorter data records for these

·tuents.
The improvement in Blackwood Creek

ie concentration was attributed to the
al stabilization of in-channel disturbance.
reduction of nitrate concentration in Trout
"was a more uniform change from year-to­

,Land disposal of secondary treated sewage
'ed in this watershed from 1960 to 1965.

'continuous leaching over the years, residual

e of nitrate was hypothesized to be

y depleted.



With respect to the dissolved p
the DOP contribution to TP load d

1995 ranged from three to 29 percent,'
largest DOP loads coming from >

Truckee River (1,806 kg/year), Trout d
kg/year), Blackwood Creek (655 kg/ '
Ward Creek (445 kg/year). P04-3
three to 17 percent of TP load, with
loads from the Upper Truckee Riv
kg/year), Trout Creek (598 kg/year), W
(322 kg/year), and Blackwood Cr
kg/year). Annual WY 1989 to 1996 P
were less variable than TP loads, al"''''­

relative order of ranking b~' LTIMP str

similar (Table 4-2). The Upper Truck~

averaged the highest mean annual P0'4;:,
with 451 kg/yr, followed by Trout cti
kg/ )'r), Blackwood Creek (l58 kg/yr), .,:f~

Creek (149 kg/),r). The remainin
contributed 1 to 80 kg/yr P04-3 per ye

Mean annual, discharge-wei

concentrations for LTIl'"fP streams w
present as PP, comprising 58 to 96 perc
TP concentration in WY 1995 (Figure'

highest mean PP concentration was 54
Third Creek, followed by Incline C
f!g/L), Blackwood Creek (114 f!g/L) ,
Creek (l03 f!g/L). Standard deviations

WY 1995 were similar in magnitude to"""
means (76 to 133 percent of annual p'('"'
1989 to 1996 TP mean concentrations,

were also highly variable between.
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TPLoad P04 Load TP Cone.

Stream (kg) (kg) (Ilg L-l)

Blachvood 1927 (1966) 158 (99) 77 (33)

General 324 (262) 63 (41) 24 (6)

Glenbrook 137 (184) 32 (45) 101 (16)
Incline 560 (550) 80 (63) 111 (20)

Loganhouse 9 (11) 1 (1) 33 (4)
Third 1120 (1315) 69 (39) 220 (76)

Trout 1281 (1115) 249 (197) 65 (5)

Upper Truckee 3364 (3010) 451 (372) 61 (5)

Ward 1250 (1261) 149 (116) 63 (40)
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Table 4-1-Mean annual phosphorus parameters for LTIMP streams, Water Years 1989-1996. All cone
means are discharge-weighted. TP =total P, P04 =phosphate. Parentheses: standard deviation for loa,
for concentrations.

generate daily loads. The daily loading equation
uses an adjustment of 86,400 seconds per day and
10-9 kilograms per microgram. The "anti-logging"
procedure in the second equation is corrected by
exp (2.65 * MSE) to account for the fact that
anti-logging results in the geometric mean rather
than the desired arithmetic mean (Ferguson
1986). This technique was recommended by the
USGS in the Tahoe basin to compute stream
loads. Daily loads were summed for monthly and
annual loads. TP, PP, DOP, and P04-3 loads for
the present study were calculated using this rating
curve method.

Annual Variation in Stream Phosphorus
Loads and Concentrations--Phosphorus loads
were dominated by the particulate-P fraction

(PP), which comprised 56 to 94 pc::rcent of the

WY 1995 TP load for LTIMP streams (Figure 4­

1). Maximum PP loads were 6,824 kg/year for the
Upper Truckee River, followed by Third Creek
(4,618 kg/year), Blackwood Creek (3,569
kg/year), Trout Creek (2,565 kg/year), and Ward
Creek (2,465 kg/ye-ar)~ Mean annual WY 1989 to

1996 TP loads (Tabl~ 4-1) also were dominated

by the Upper Truckee River (3,364 kg/yr),
followed by Blackwood Creek (1,927 kg/yr),
Trout Creek (1,281 kg/yr), Ward Creek (1,250
kg/yr), and Third Creek (1,120 kg/yr). Mean
annual TP loads for the remaining streams ranged
from 9 to 560 kg/yr. Annual TP load variation
increased as load increased.
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~rre 4-1-Concemr:ll' .1I1d total for PP, DOP, and P04 at LTn-lP stream mouth stations during \Vater Year
9) (from Hatch 1997\
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I). DO P standard deviations were 10\vCI' th'11\'
th,)se for PP, ranging between 27 and 46 percellt,

of the annual DOl' mean. 1'04,3 contributed

two to 14 percen t of the 1'1' concentnltion, with

values of IS ,Ltg! L for I ncline Creek. 14 ~lg/L f'Jr

Glenbrook Creek, and 12 ~lg/L for Third Crc(:k;

'I"he remaining streams had PO.j·
j

concentrations ranging from 4 to 1() ~lg/L for

annual means. 1'04-3 standard deviations were

smaller in magnitude than those seen for PP but
comprised 20 percent to 150 percent of the mean
annual V04-3 concentration. :\nnual me:ll1$ :lllJ

standard deviations for DOV :l!1d P04-3 Wcf:

similar for \'(i'YI995. \\''1'1989 tol 996 PO,fJ

Lake Tahoe IrValershed Assessrm~nl

,,,,o:.n:li''Ig to ""Iue, in l'igllr<' 2,
::lnnWl! pC:~lk ml~a.n m~)n1.hly vah,lcs.
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Table 4-2-Concentration and load rankings for LTli\fP streams. Conccmratiolls in ~(g L-l, loads in kg (Hatch
1997). P04 =phosphate, TP :::: total P, PP :::: particuhte P, DOP :::: dissolved organic P.

Peak Monthly Mean P Values and Rankings for the WY89-96 Period"

TP TP P04 P04

TP Cone. TP Load P04 Cone. P04 Load
Stream Cone. Rank Load Rank Cone. Rank Load Rank

Blackwood 185 3 713 2 6 6 43 4
General 45 7 114 7 4 9 17 5

Glenbrook 102 5 40 8 16 1 8 8

111Clinc 147 4 125 6 14 2 16 6

Loganhouse 52 G 4 9 5 8 0.5 9
Third 468 I .329 4 114 .3 13 7

Trollt 45 7 295 5 9 4 '1 2J~

Upper "fruckee 45 7 974 1 G 6 124

'X?ard 260 2 496 :; 8 5 46

Nores':

streams. 'fhird Creek had tbe hHgest annual

discharge-weighted -rr COl1cenrration (220 pg/I.),
followed 'by Incline Creek (111 ~tg/L),

Glenbrook Creek (101 f,lg/L) , and Blackwood

Creek (77 f,lg/L). Trout Creek, the Upper

Truckee River, and \'11ard Creek had moderate TP

concentrations (61 to 65 pg/L), followed b)r

Logan I-louse Creek (33 ~tg/L) and General

Creek (24 f,lg/L).

For dissolved P discharge-weighted

concentrations, DOP comprised two to 29
percent: of the mean annual TP in terms of

cOllcellrration, with levels ranging irol11 9 to 14

p.g,/L for all SUeams during \Xi]' 1995 (Figure 4 ..

WY95 Mean Annual RBnkings l

TP TP pp pp DOP DOP
Cone. Load Cone. Load Cone. LOBel

Stream Rank Rank Rank Rank Rank Rank

Blackwood 3 3 3 3 4 .3

General 9 7 9 7 ') 5

Glenbrook 5 R 5 8 2 Rt ...

Incline 2 6 '1 6 4 6

l...()gallhousc 7 9 K 9 I l)

Third 2 2 4 i

'!'rCI\H 6 4 6 " 2 2
Lipper Truckee 7 1 7 I 1

\Xlard 4 5 4 5 7 4---- "....'~~~-- ----"'-,-
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\X/YI99.5, Sevu:al sources of Dor may be
present in Tahoe streams, including periphyton

exudates (Perkins 1976), senescing vegetation,

strcambank roots and fauna, and abandoned

septic leach fields. Meyer (1979) argued that
decomposing organics on the stream bottom
(e.g., leaf liner) are important. SC'tll'ces of DOP,
while Kaplan et aL (1975) contended that the

\\fard Creek 'microbial community is important in

breHking down stream organic material.

l\{Ollthb' I,'(nit/lioll ill J/mllJl Pho.rphoms
Loads-Mean monthly P concentrations were

highly variable for the LTli\IP streams (I-latch

1997); monthly P loads, however, were greatest

during the spring snowmelt. Using the Upper

Truckee River during WY 1995 as an example, 77

percent of the PP load, 70 pCI:cent of the DOP

load, and 73 percent of the POf3 load occurred
during the IVfay-] uly period, while 92 percent of
the PP load, 87 percent of the DOP load, and 89

percent of the 1'04~3 load occurred during the

i\farch-J LIly period (Fisrure 4-2). During \\;ry 1995,

mean monthly PP loads ranged from 3 to 2,470

103
172
S89­.124

46
107

31
S7
143

7
14
23

7
IS
27

I
3
3

OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP

§

,-, 8c.o
~- v m pp
"0
~

'3 DOP

§ • P04
f"l

"'.CI'll1CoOitfation5 (Table 4-1) did not vary bet\vcen

's/'reams on a mean ;mnual basis (4 to 19 ~lg/L),

,:,'","'u~~{' standard errors were small (::S 1 flg/L).
. Glaobrook Creek and Incline Creek had the

\!l"'~·""'\'\:~~:S:~i'.·mCWll \H1l1l\ll\ P04',3 concenuations ofl9
.......I~.IM ".,' while General Creek and Logan I-louse

,GrlJek .bad the 5maBest va!l;lcs at 4 pg/L. 1n

\')lthttlll, annual TP and 1'04-3 concenwltions for
"'"'lb~\~1'1989 to 1996 period were very similar to

.. :".'lbl1)sl: for ,'if\,: 1995.
1'l:evions stream studies at Lake Tahoe

"'t{on,fW'Y 1970 to 1973 on Glenbrook Creek,

"F, ..il;C,lill~ Creek, and Third Cret:k also found 1'1'
.. ,:'t:(1l1centtadon ti') consist of 83 percent, 83

"'!"':'p~~~el1t~llnd 69 percent PI' for these srreams,

.. "J:~'~!l?j.':c~i\'c1y (Glanqr I977, 1988). Past studies on

i\~(ardiqreek in the Tahoe basin showed that 84

i~.~h~"et1t of annual TP load was PP (Leonard et al.
.","\979), which is s.imi.lar to the 76 percent va.lue for

,;I,l;ia'fdCreek in \Xi'Y 1995, Relevant literature data

, "froffj Other high-mountain landscapes is rare.

""Leonard Ct aL (1979) found that 1'04-3 load
~i\ 'I'· "."~ "

,l;Qmp,dsed 11 percent of 1'1' load for \X",lrd Creek,
·\\'hj(l,l~' ,is· tCery close to the I 0 percent value for

'\'11' ~': '~1." ,I"" • ','

{ii',...,';""" Month

i!;;:r:'~:r1e4i2?SenS()nRl distribution of PP, DOP, and P04 at the mouth of the Upper Truckee River during \\fater
I~,:i ,:,' .~9.:>«(rom Hatch 1(97).

:,':\I:,',~:;I
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kg/l11omh, DOP loads ranged from 3 to 559

kg/momh,,'lnd 1304-3 loads nmged from 1 to 368

kg/month. I\S expected, mean momhly \VY 1989

to 19% TP loads also peaked at the height of the
spring snowmelt (Hatch 19(7). Phosphorus and

sLlspended se.diment concentrations also have

been reported as being higher during the rising

stage of stream now, as the channel is flushed

(Drivas 1986).

CO!lceJltratiol/ IIClJIIS l....oatt--Examining P
concentration-load ranking differences on a monthly

basis is best repreS(~med b~' using TP and 1'04-3 data

from \\7'1" 1989 to 1996 (fable 4-2). Peak momhly

loads during this period occurred during either :May

or June. 111e top three 'fr concentration rankings

were occupied by Third Creek, \X/ard Creek, and
Blackwood Creek. These streams ranked fourth,
third, and second for TP loads. The Upper Truckee

River, however, was ranked tlrst with respect to TP

load, but se\renth with respect to 'II' concentration.

The remaining streams ranked lower for both TP

concentration and load. Mean annual 1'°4-3

concentration rankings behaved differe.ntly than TP
ran kings. Although Glenbrook, Incline, and 'l11ird
Creeks- ranked as ~he top three 1'04-3 concentrations

for the May/June period, these streams ranked ncar

the bottom with respect to loads (8th, 6th, and 7th,

respectively). T11e streams ranking first, second, and

third in peak 1'04-3 loads (Upper Tmckee River,

Trout Creek, and \\Tard Creek) occupied the middle

range of P04-3 concentration rariks at sixth, fOLlrth,

and fifth, respectively. The lowest ranked streams

for P04-3 concentration (Logan House and

General Creeks) occupiedP04-3 load rank

positions of ninth and fifth, respectively. As seen

for the \\/YI995 rank comparisons for annual I'
means, the \,/YI989 to 1996 peak monthly mean

cClmparisol1s also indicate that I:rll'vlp streams

with the highest P concentrations do not

necessarily have the highest P loads, and 'lIce

versa.
PnripittlliOll. Di.rdlargf., tlnd Sm1J11/1ded

JedimenlJ-Precipitation, discharge, and

suspended sediment analyses can be used to help

explain the observed P variations in I,Tlt>.IP

streams. Prccipitaticm in the Tahoe basin falls

predominantly from October to March. Although

most of this precipitation is snow, the large heat

capacity ofJ.,ake -r'ah(H:. which never fre.ez.es,

236

creates a microclimatic effect. Estimates thlld,9n'i"
percent (If Sierra Ne.vada precipitation is in
fonT: of snow (Kattelmaon 1990) may not a

with precipitation behaVior at the ncar
elevations in the Lake "fahl.lc basin,!

included large amOunts of rain.

1\ signi ficanr relationship exists between

annual precipitation (over each in9iY1~l!~lf'

watershed) and.. annual areal disch~t;g!!

(liters/hectare) in LTHvlP streams (Hatch 199~.

This relationship occurred for both the

watershed \,\/'{ 1989 to 1996 annual rne:m·

0.911, p < 0.001, n = 9 watersheds) and

individual intra-watershed \'/Y1989 to 1996
means (all r2 values 2: 0.802, all p-values < O.
n =8 water years per stream). .

'fhe net result of heavy winter
precipitation is large stream discharges during the
spring snowmelt, as indicated by P loads in I~i,gu~t,.

4-2. Hatch (1997) demonstrated that pea:k'
monthly discharges during the \XIY 1989 to 1996
period occurred in May for the Upper Trucke~'

River (211 x I08L./month), Blackwood Cr,eelt:,'S?;·,

x 108 L/month), \X/ard Creek (66 x 108

L/monrh), General Creek (47 x 108 L/month),

Incline Creek (li x 1(18 L/month), GIenbr9()~q

Creek (3 x 108 L/month), and Logan H'dUsk!
Creek (1 x 108 L/ month). J nne discharge peal'S

occurred for Trout Creek (57 x 108 L/month)

and Third Creek (14 x IOsL/month).

Suspended sediment is an ill1porta~i
substrate for transport of P in srream systems

(Logan 1987). There was a strong significant

relatiol1ship(p < 0.05, n ::: 7 walcr yea.tSp~t.;·

stream) between intra-watershed annual TS$ and

TP concentrations (I-latch 1997) and also for WY
\989 to 1996 annual inter-watershed streall1.
means (r2 = 0.84, P < 0.001, n = f;.l suelims):i\';'
similar and even stronger correlation was seen
between inter-watershed TSS and PP

concentrations (r2 = 0.90, P < (LOOl, n ­

streams), although rhere were fewer rBCI1$L!tCS

PP (approximately 8 to 12 per year per stream)

than for TP (approximately 30 to 50 per year ptf

srream). Kronvang et al. (1997) argue that a~

proportion of PP to l'P increases, there is

stronger association of both PI' and TP with TSS:
'I'hese relationships were also significant for intra::

watershed annual tneans for all nj!1e[:rfN!'1~'
·1" ,
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through residential development, a ski [eS(ln, and

a golf course, Station INCl is near the stream
mouth, a few hundred meters downstream of

INe2, The location of .lNCI allO\vs one to infer

the effects of the west branch of Incline Creek,

which passes through resident.ial ilreas and part of

a golf course.

Station TRT3 is high in the Trout Creek

watershed, above areas of human development.

This station integrates the effects of steep

gradients and mixed coniferous forests above

2,800 m (Leonard and Goldman 1982). Station

TRT2 is farther downstream, where the effects of
human development on the stream first occur.

Station TRTI is in relatively Hat meadowlands
near the stream mouth within extensive
development.

The Upper Truckee River is directly west of

the Trout Creek watershed and has the greatest area

and stream discharge of all 'T"ahoc watersheds.

Station UTR5 is immediately above the first

instances of human development on the stream,

although a small summer cattle grazing operation

occurs several kilometers upstream. Steep granitic

soils arc present, wilh some volcanics at the south

end. Station UTRJ is downstream of station UTR5
and represents an area under moderate development.
Station UTR1 is near the stream mouth and sits on

deep alluvial soils, Human development is heavy

between stations UTR3 and UTRI and includes

housing, roads, commercial/industrial areas, golf

courses, and an aiq)ort. The Upper Truckee River

and Trout Creek converge near the lake in the Upper

Truckee l'v!arsh, which has been disturbed

extensively from the development of a large

residential marina.

\X:'ithin the sleep-walled \\lard Creek

watershed, station \VRD3A is below the

confluence of the two major upstream bowls,

with minimal effects of development (one back

bowl of a ski resoft). Station \XlRD7 A is farther

downstream just below the last tributary

confluence. Station \XlR08 is near the lake within

a regi(Hl elf significant human development.

Data Redllctiofl TedJlliqlics-U sing

topographic divides for delineation, each Stream

W,lS divided into three subwatersheds according

to water (IWllity station locations. Areal I' loads

for each sllbwatershed represent that area

Lake Tahoe VVa!ershed Assessment

i;''' .....!''''.'.'.•II... ,.i.•.i~,;,.•ill..S] '"'.:.".·.'.I.'lithlJUb1i1h outliers were present for
";'iI(~,!,I,",.,.•,..

M~jine (:rcek, Logan House Crcek, and Third
'I; :'''~1ltI:lII:Ilr. ',['I"j,::l~C,I.l, 1997),

Rcbtionships benveen TSS and DOl' and

::~il~l~~m'~:il~ '!'SS and 1'0 4.
3

concenwltions were very
tcw significam (p < 0,(15) relationships

either intra-watershed or inter·watershed
. The general lack elf sign,j fican t

teliltionships bct\veen TSS and either 001' (r2 =
iili:Q,qa\il'P",;;'(I,633, n = 9 streams) or 1'0 4-3 (1'2 =
!'·';6:09,'p';:'1).4:30, n =9 streams) concentrations is

\ltJ?dsing because dissolved I' by definition is

attl!<!:'tl},i bound to particles; i.e., dissolved P
th~£mgh a 0.45 J-im membrane.

Single Wlatershed Scale

"i"""."w""",,:IJ!!{i!pl·fltiril] ji..,- Apj>roafb-\Xihile point
, of phosphorus (I') can be readily

l.dentiEed and sometimes controlled in efforts to
"ir!;i1t~jfi:il~i~edbtrophi(:atjon,nonpoinr sources of P

"lire closely linked to land usc and thus are more

·.~iir:a'\1i~llritnqLHll1tHlrdue to the physical scale of
the problem (Omernik 1977; Correll 1977; Bordas

... ~qq, Cal1ali 1980). In lieu of collecting an
~, ,,: i:'~", I::;: ~.I'l 'I' : :;", I' ,!. j; " : ~ ."

IiJiwtcldy amount ot data on the scale of hundreds

of hectares, an effective way to approach this

:,91I~!l~I:lIiI\ been u) divide a watershed into
several arcas of differing land uses. For example,

IIB!l!?~anR.Kirchner(1975) found that there was
'(\1Joc·tease in P export as one moved from forest

t~.pasture to agricultural/urban watersheds. This

/i~~~'pl\llrit!li'r'!hl::' uSe of a single w:ucrshed as a

conceptual framework for s;t.idying sources and

~t:: 9£ l1onpoinr s()urcc nutrient and
ent lbadinl>v·

Hatch (1997) and Hatch et al. (1999) also
e!,iil,!:"i'!:~ll~il}l~ed id\l! LTIi'vIP database at the watershed

lIsing concentration and load values for

,\iI~I;l~lIS collected during \Xi)· 1991 to 19%
Incline Creek (INC), \,(lard Creek (\v'RD),

T~out Creek (TRT), and the Upper ·T"ruckee River
!~J11iR)Tlf" '.. :, '., , tee StatIons were mc,nitored as part of
LTI~IP 0 _-',' , '" . " .

n each ut these tnburanes.

l)#tr,(blion---Stream station INC3is
human d . I . . h '-e', eve apment, 1I11e~ratlng t e ehects

fC!(cstad· 1 ,. . . - ,
Ir:!i.!!)iihjll!';:l:r>~·.. ," .i'iJ" Sll ~a pille bowls upstream. Station

IS •r"[·t'he . I· .'!<' [( OWl1stream, repreSel1tlllg t)l;
CUmulative I .

ellSt nllnch of the creek. Between

,;INC3 and INC2, the stream passes
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concentranons were not statistically different Ii
INC2 and INC3, but bot.h these stations we .]' Of

,. . [Cess
than INCl. I here were no statistical p

'd'" b Pconcentration ··Ilterences et:\\'ecn

Trout Creek stations, There "Vete

statistical PP concentration differences bet:\\'een
the two upper stations for the Upper Truckee
River and \\/ard Creek, but the two upper stations

were different from their rcspectivest~,4am

mouth stations. ,.··:,:.:".!~.,ii'

r....lcan annual P04-3 concentration$!{ge'~i'
quite similar for stations on the same stream.
Incline Creek had the highest P04-3 values.

ranging from 12 to 15 ~gIL. Trout Creek'had
relatively intermediate concentrations at ab~j.i'tS
to I I) ~lg/L, while \X"ard Creek and the Oppet
Truckee River showed the lowest values' at

approximately 5 to 7 ",g!L.
The \\T{ 1995 data show within,

watershed differences for DOP and P04,3 were

minimal and most likely of liulcec<:flog!¢!4,
significance in the streamtlow. In Incline Creek
1'04-3 concentrations were a few Ilg!L highe;

than DOP (11 to 15 ~lg!L vs. 10 to 12Ilg/L),
while just the opposite was recorded f(lr Trout
Creek. 001' for the Upper Truc.kee Ri~'er. anq
\X/ard Creek were noticeahh' higher than P04~~:·(9'

to 12 ~lg!L vs. 4 to 7 ",giL).
PLotld--TP loads and P04,3 loads for the

\XlV 1991 to 1996 increased in the downstream
direction for all four streams. This condition re!;lee1s

the fact that discharge, a major component (,~f\Q$~t.,
calculation, alwavs increased in the downstr~ath'
direction. \Xl'( 1995 PP, 001', and P04-3loads also
typically increased in the downstream direction for

all streams, In general, the greatest IO'lding increases
occurred bet:\veen the upper and rniddle stre~lnl

stations for all three P fractions for each stream.>fi'~~ ,

example, 1'1' load increased !,Tfeatly between tlt,}3
(649 kg) and TRT2 (2,078 kg), with a smaller
increase bet:\veen TRT2 and TRTI (2,551 kg). An

exception 'was the change for PI' load between

U'T'R3 (2,533 kg) and Ul'R 1 (6,816 kg),
Stlbu/fllen/ml PhoJfibo1"llJ Ch(]rm:lI~ri.dh~:J,..

Stream P loads, not concentrations, arc what

actually affect Lake Tahoe phytoplankton as i

whole. Adjusting stream loads by basin area

assigns P loading values to specific areas of j;)ncl.

BecHuse direct cCHnparisc)[l of subwatershed
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Station Differences on the Annual Time Scale

The LTIl'vIP data on multistation streams

from \VY 1991 to WY 1996 allow examination of

P trends on an annual scale. This period waS
composed of bdclw-avcmge, average, and ahove­
average precipitation years (Tahoe City

precipitation 11931-1994 \X"Y mean = 81 cm!yil:
\Xl\' 1991 = 58 cm, \Xl\' 1992 =48 cm, \'\i'Y 1993
= 105 em, \Xl)' 1994 = 42 cm, \'\l)' 1995 = 154
cm, \vY1996 = 124 cm), lVfean annual discharges
increased in the downstream direction for each

stream due to the cumulative contributions of
tributary and ground water sources (Figure 4-3).
IncJine Creek stations had the lowest discharge

v'alues, with larger values for Trout Creek and
\Xlard Creek. The Upper Truckee River had the
greatest mean discharge.

P COllcclltrfltirm-\'';''ithin-stream 'rp
behavior was not the same for the four LTIMP

streams (Figure 4-2C). TP concentrations
increased downstream for Incline Creek, although
INCl and INC2 were not statistically differt:nt
(p>O.05). Cc)nver.scly, 'r'rout Creek 'T'P
concentrations decreased in the downstream
direction, The UTR! TP concentration (43 ~lg!L)

\vas statistically different from UTR3 (33 j..tg!L),
but U'fRl-to- UTR5 and UTR3-to-lJTR5 TP

concentrations were not statistically different.
Despite the statistical ·difference bet:\veen UTR1
and UTR3, the absolute magnitude of' this

difference was not great and may be of little
practic,d significance. WRD7 t\ and WRD1A had

the same 11lean annual TP concentration, bClth

being approximately half that recorded at the
most downstream station at \Xl RD8,

Analysis of TOP for the l1lultistation

streams during WlVl995 facilitated the
calculation of PP, DOP, and P04-3

coneen trations and IClads. ParticuJate-P

conn;ibming l' to a given gauging station. For
example, the INe2 subwatershed includes all the

area below station INC3 and its drainage but

above the area that drains solely into station

INCl. Areal loads (kg 1'/ha/yi) were calculated

by subu:acting upstream loads (kg!yr)· from

downstream loads (kg/yr), then dividing by the

area of the watershed draining solely into the

downstream gauging station.
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Chapter 4

lC.. . 4.3-:"Ann.ual prcci!J.it.arion, disc.'har".'e, and IJhos!Jhorus fractions for the multisration LTIMP creeks
l~1'l!l \X' '. . ,"
.. mater Year 1991 to 19% (from Hatch 1997).

p IO:ds (kgfha/yr) and discharge can result in streams during the \Xl'r' 1991 to 1996 period
SPUflOUSCO I '. ~.
load . fre atlOns due (0 a strong dlscharge- (Figure 4-4; note differences in axis ranges

relatIon~h'l . . '. b k) Th {V'RD3 \ ('tc. ,'1), Jt IS more appropriate to etween cree's, . e , ..' j l.e., most
mP:trcare.a·J· P I) d· 'I '.. ) b h d J '('P I d d' I. . ....•... : (a. s WIt 1 preCIpitatiOn. upstream SLl waters e area . oa s IC not

. AIi~al'~p loads generall~r increased with increase greatly with precipitation levels.

,;;~i'~A\pitati(ln for d;c four I.THvrp Differcnces in areal TP loading betwcen

~.,..:-------~~-::'-:--_:_-:__7"_:"----------------_::;__:::~
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cm/yr . However, at. preclpttation levels greater

rhanJ50 em/vI there was a large difference

among the tl~ree stations. This L "threshold"

precipitation value of approxirnately 150 em/f!
was sirnilar for the Upper TruckccRi\'et;ll!~~I,:

I.ake Tahoe vVarershed AS5e.ssmelll

suhw:ttersheds on the same stream were minimal

during rcbtively low precipitation years, bur
during high precipitation years obvious contrasts

existed. For example, Inc1ine Creek's areal TP

loads were quite similar lllrlong the three

subwatcrsheds when precipitation was around 50

240-----------------------------------------
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Station Differences on the Daily Time Scale

Did LJ,ltll1,gI1,r ill P COIwwtral;o/l-The

annual snowmelt runoff season was covered quire

well by the Incline Creek die! studies. The effect

of increasing discharge as one moves downstream

from station INC3 to INC2 to INCI was evidenr,

as were the rypical high discharges in 1\'1ay, .Iune,

and July.
Daily and seasonal die! behavior for the

three Incline Creek stations indicates that the

largest daily TP tlucruarions coincided with the

largest meiln daily discharge (in \Xry 1995 this

occurred in June).However, high mean daily
discharges also occurred in July bur without:
corresponding large values for TP. Hatch

reported this behavior as indicativc of the

seasonal "first flush" phenomenon. Large

quanti tiCS of P-bearing sedimem appear to have

been flushed from the stream during rhe initial

high discharges of June, leaving less m~rerial

readily ~lvailable for transport in Jnly.
1'1' was thl.~ dominant. form of

pbosphorus during periods of high discharge.

Nlean monthly die! PP typically comprised 49 to

Chapter 4

each month, fromi\Iay 1995 through ]'v[arch 1996.

Stations included INC3 (above human
de\'e1opment), INC2 (representing the cumulative

east branch), and INCl located near the mouth

(Figure.4-5). S:lITlpling tilnes for the sites during
each did study were at: 11A],\I, 3pJ\I, 6PM, 9pM,

12AI'\,[, 7A1\'1, and 11 AM. At each site the stream

stage was determined by reading the sraff gauge at:

the USGS gauge house, Sampling occurred during

.temperature-driven snowmelt and low-discharge

conditions; no rain-on-soil or ram-on-snow

events were sampled. A rhree-liter grab sample

was taken in the main stream current. ParriclIlate­

P associated with different particle sizes was
determined as sand-sized fraction of particulate-P

(PPsand), and silr- and day-sized fracrion of

particulate-P (p1\+c). .Quality assurance
procedures consisted of duplicates and spike

recoveries, which were performed on 10 percent
of the samples for a given analyrical [lin. All
sample analyses were within the LT1J'...[P CJuality

assurance tolerance limits (Hunter er al. 1993). Six

I' fractions were examined: TP, PP, PPsal1(l,
PPs+ c, DOP, and 1'04-3.

V-" . D."nation 1l1. aily P Transport

l\,rissing from stream studies at [.ake Tahoe

,;"b:l~ heel1 an assessment of how daily I' transport'

:~¢~j I during the temperature-driven

, ';snowmelt cycle. 1;1 11 study by Hatch (1997)
·.nclHatch at a!. (I ;)99), P variability ~vas assessed by
conducting 24-hour sampling studies (once monthly)

on three Incline Creek stations from Ma\' 1995 to

~rarch 1996. This analysis was nec~ssarv to

~nderstand the real-rime v;riation of P becau;e the

ydrologic. e\'cnts thar drive the movement of
sediment II .. ·· I P t- '1'" h IIa .... ..- SSQClate( . tom .. a oe streams to r 1e
. ke f:lCCur on an hourly to dailV time scale (Leonard

I~~. . . .

,l)11111 ('ol/(','/;o/l·-Twenty-follr hour (did)
:.!"',!:,II~'IIII!'CII':li"""" took place dllring the first week of

W'ard Creek bur slightly different for TrolH Creek

(approximately 110 cm/yr).
, There also appeared to be threshold

"ralues at which awal P04·,3 bad

''''':I1ees between subw:ltersheds, bur

::;t:h~$e ,ralues occurred at a lower level of

'precipitation than those see~n for areal TP loads.

Subwatersbed areal P04-') differences began

occurring around precipitation values of 125
cm/\,r for Incline Creek, 50 to 100 em/yr for

Tro~t Creek, 75 to 125 em/rr for the Upper

1mckec Ri,'er, and 100 to 175 em/yr for \\lard

Creek, Fututc data will most likely till in the
""'''''''''',.', ....

,prlecipi.tlll:10n gaps and allow greater delineation of
,;.;,:",,'11"'," ",,, 'l):~ecipi taliell1 thrcshclids.

'According to Hatch (1997),instream and

ne,a"r"'sueam pnlcesses undoubtedly influence the
P behavior observed in the four study streams.

Stream PP sources, due in pan to association wirh
sediment particles and TSS, have been linked to
streambank erosion, Leonard et al. (1979)

suggested thar streambank erosion in the lower
teaches of Ward Creek was responsible for the

large increase in PP between the mid-watershed

,:,j~,Qd ,lower-watershed sampling stations. \Xlork
t~e(,:11'l adjacent Blackwood Cret:k imp,. lies that
i!, " I ,

Jpe,.t~ent of stream T5S came from streambank
ainlil "st,reambed erosion in low order channels,

with the majority coming from the main channel

linda much less amount coming from sheet/rill
erosion next to stream channels (Nolan and Hill
19B7).
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Figure 4-5-Diagram of Incline Creek watershed denotes location of three sampling stations and

corresponding subwatershcd drainages.

The tluctuarionsin nor concentta

were not as great as those for PP, and thela"

daily variati~ns did nor occur until 1\ugtlS~:
September. At that rime, mean did DOP wait
to 44 percent of TP. Peak Dor values at all rheet::

stmions were nearl)' identical, at JO to 30 ).tgfL
Throughout the srudy, never more rhan a 4 ~tg/L

monrhl\' mean Dor difference W:IS found among

the rhl:ee Incline Creek stations. The deVilled
DOP levels in late summer and early f;lll arc most
likely due to peak summer produc;ion of stre:an~ ,

peripbyton exudates (Perkins'1976)

fall and in-stream litter processing.

83 percent of the 'rr concentration :H that rime.

PP concentrations for the June 1995 did study
fluctuated from 75 to 350 ~lglL for INC I, 55 to
326 ~lg/L for INC2, and 40 to 210 }lg/ L for

INC3. Peak PP concentrations were higher for

both INC] and INC2 rhan for INC3 during the

May, June, and July studies, but PP values were

simibr for all three stations the remainder of the

year (within 5 ~lg/L of one another). Leonard ct

ai. (1979), working in \X>'ard Creek, found that PP
concentrations peaked around 250 ppb during

1'\'la)'/J unc but remained belowl (I ppb fllr the rest

of the year.

242 Lake Tahoe Watershed Assessmenc
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Stream hysteresis (changing relationship

between phosphorus and How over the die!

period) varied according to P size fraction. For

example, a counter-clockwise hysteresis was

inferred for DOP concentration since DOP

continued to rise as discharge decreased in the

cady morning hours. Walling and \Webb (1980),

using specific conductance, reported both

clockwise and counter-clockwise hysteresis loops

along different stretches of the same English

stream system. These authors argued rhat this

varying behavior was the result of differing

source area chemical composltlon. Did
movement of hydraulic discharge and associated
nutrients through the melting snowpack via ice

lenses also may inJluence the hysteresis behavior

of dissolved stream ions (Caine 1992) .

The differing hysteresis behavior for the

PI\and and PI\+c ft:actions in Incline Creek may
be cxplilined by considering the 'physical

conditions necessary to mobilize each fraction

and the SOurce of each fracdon. Hatch et aL note

that sand-sized particles recjuire a higher velocity

Chapter 4

concentrations continued ro increase during the

falling Jimb of the daily discharge cycle. I-latch et

al. (I999) tentatively concluded that DOP did not

directly depend on discharge. Ground water

incre,ases following the surface discharge peak

may be possible sources of the increasing nop,

although ground water was not monitored.

P04-3 concentrations were quite similar

among the three stations during June lit

approximarely 10 ~g/L P04-3 remained

relatively constant throughout the 24-hour
period, implying independence from discharge.

Si~ Fmdiol1atiol1 ~/ Pmiim/I1/t! P-Furthcr
insight into the large die! COf1centmtion t]ucnmtiol1s
seen for PP during the period of maximum discharge

was obtained by examining the behavior of PPsand
(particulate P associated with particles> 63 pm) and
PPs+c (particulate P associated with particles> 0,45

).Im but: < 63 Jim, i,e., silts and days). PPsand
displayed beha\·ior similar te) that of PP, with peak

values occurring at 6PM (158 to 259 Ilg/ L). Peak
values for PPs+ c (54 to 83 ).lg/L) were much lo\ver

than those for PPsand and were observed later in the
did period at 9PJvL Peak concentrations increased in

the downstream direction for both PPsand, and

PPs+c·

Peak PO,j-3 concentration fluctuations

"'Iatl\'elv small, with values ranging from 8were r... ' . " ,,::,
co 15 ~tg(L dunng. the J)erJod ot maxImum

discharge (I.e" June). P0 4 concentratio.ns were
,"eater tharl either PP or DOr dutlng the
gr , I I~ I d';.. -emlJ'e'r Januarv, ane 4e )fuan' Stu les,.,0" ".' ,
cOll1prising 37 to 58 percenr of n:ean die! TP

'CQocentfl1tIOnS. Por each, month I'rom August

. 1995 to ~brch 1996, P04-" as a percentage of TP

.. decreased' in the downstream direction. This

,",beh'lr\'lor was the opposite as that seen for PP,

:'I'c\l,;(llc,b increased its contribution in the

tlJ,~?:~~~Yil~Str~~I~direction .
.Relri/iOIlJbip (ll P COl1o;!Itratiolt to [)(lib'

:g,,(:),tle-Tbe Jline 1995 diel study allowed

more detailed examination of the

/!I"sl~,ip .berwecnP concentration and the
dischar:ge~ cycle, Peak

,Incline Creek at that time \Vel'e
,i~'tI91)Nl fo.r INCl (2,(138 1../s), 6Pj\J for

L/s), and 9PJ\'f for INC3 (1,333 Lis)
Although the exact time: of peak'"

~vas pre.bab!y not sampled, peak

':(lj:~¢b~t£;¢ was inferred to have occurred in the:
evening dUling spring runoff as snowmelt

wllter: from upper portions of the watershed

reaches the monitoring stations downstream

{Hatch 1997). However, this conclusion may be

\'alid for only Incline Creck. For example, pClIk

$!\Qwmelt discharges for the Upper Truckee River

g~eral1y Occurs around 3AM due to the large

watershed size and resultant time-to­

concentration for discharge (Rowe 1999).

l\hximum PP concentrations occurred
priQr to the observed peak in discharge at the

:Uth ~nd upstream stations. At stati~n INC2,

'. th. dIscharge and PP concentration peaked
~ultancouslr at 6Pl\L INCI displayed the

'~ih~nge$ in PP during the daily rising and
~'dt(!lgraph limbs, with INC2 and INC3

Itlg smaller changes. PP appears to depend

di:sthatge during the spring snowmelt
Incline Creek stations.

!,: ..::·'i:,!i[)(i'lj) Cl)!1centnltions ranged from 20 to

the June die:! study llnd \vere an
!m:~€,t~it.Ll(lc t.han the observed PP

DC)p cDncentrations were quite

the three statiolls, di ffering no

l ~lg/L. Unlih~ PP, DOl'
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Figure 4·6-Diel pattern of discharge and phosphorus concentration at three stations on Incline Creek,
Junel995 (from Hatch 1999).

Lake Tahoe Watershed .Assessrnent

and shear stress to become entrained in tlow than

smaller-sized panicles. Hence a threshold-like
behavior in which significant amounts of sands
arc mobilized once a cenain discharge is reached;
may be displayed. For stations [NCt and INC2
this threshold appears to occur anlllnd 1,(01)-

244

1.500 LI s. Once the flow threshold is rcached
and the sediment flushing occurs, signiticant
sources of sand-sized panici-es may be exhausted,

resulting in lowered sediment levels for a giyeO
discharge during the falling hydrograph limb (I.e.,
cl(1C kwi seh)ls teresis).
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Rhea et al. 1(96). Lake Tahoe research in this
regard is in its infancy. Rhea er aL (1996)

investigated the presence and behavior of
colloidal Nand P in a Lake Tahoe subbasin

before and after the application of a 10 cm/h

one-hoUt: artificial rainfall event. Colloidal rather

than inorganic nutrient species were the dominant

forms present in soil water extmets taken both

before and after the artificial event (figures 4-7, 4­

8, and 4-9). As a result of their findings, it is now

apparent that colJoidal nutrient ti)rms must be
considered a potential source of mobile nutrients

in soils of the Sierra Nevada.

At the watershed scale, a number of

facrars, including geology, vegetation, and extent

of erosion may affecr the form and magnitude of
phosphorus contained in tributary discharge.

Harlow (1998) conducted a sruely in an
undisturbed portion of lndine Creek to
investigate the leachability of P from undisturbed

soil cores taken from upland and riparian plant
communities. No significant differences among
plant communities tor leachable inorganic onho­

phosphorus or dissolved organic/colloidal P were
identified. Furthermore, no correlation was found

bet\veen inorganic or dissolved organic/colloidal P

concentrations in the leachare and any other soil
. properties, including oxalate extractable iron and

aluminum. The median ratio of dissolved
()rganic/c()lIoidal P to P04-3 was 0.38, lower than

that reported by Rhea et aL (1996). Although this

study did not collect data on TP, sevem! studies have

indicated that the TP levels (which include both the

digested and inorganic fraction) are typically

significantly higher than thc dissolved ti:accion alone
(L-conard et aL 1979; Byron and Goldman 1989;
Vaithiyanathan and Correll 1992; li<ltch 1997). 'n1is

is likely the case for the Incline Creek watershed as

well. I-bdow (1998) also identified a "delayed"

inorganic phosphorus peak (figures 4-1 (1 and 4-11)

during leaching that was consistenr with the findings

of i\farcus ct al. (1998). Unlike other

nonconsel'vative nutrients, such as nitrate-N, the

delayed phosphorus release could be signiticant
when considering nurrient rransport during longer
duration snowmelt runoff events versus brief

summer precipitation eVents. The. transport of P

through the riparian corridor and into the srream

is in need of further investigation.

Lake Tahoe Watershed Assessment

Silt- and clay-sized particles require lower

t'she(tr stress to become entrained in the flow. It is

possible that the shear stress required to suspend

and entrain tbese smaller panicles in Incline

Creek is present at all hours of the day during the

.allUy sno\vmclr cycle. There was little fluctuation

tn PPs+c over the 24-hour period, and PPs+c
'incre,1sed with rising flows even 'at [ow rates of

'.discharge. The counter-clockwise hysteresis seen

for Pl\+c also may be the result of a nonstream

channel source, possibly subsurface (Loeb and

GoldimlO 1979). Very small particulates may

move within tbe coarse soil matrix of the Tahoe

.~t~~'~Wsin {Rhea et al. 1996), so it is possible that the

4." . 'heightened PPs+c levels seen on the falling
hydrograph limb are due to subsurface sources of

.P, which reach a maximum after the peak stream

discharge occurs,
Hatch et al. concluded that instream and

near-stni::1Jn processes both in fluence the P
behavior observed in Incline Creek. Stream PP
sources, due in pan: to association 'with sediment
pllrddes and 1'55, have been linked to

$ttcatnbank and streambed {~rosion. Dissolved P

concentrations in Incline Creek" are most likelv
" - ", " I J

/1';'~·'i",""tM: ,ie$ult of eCjuilibrium processes between

water, stream suspended sediments, and

bottom/bank sediments (Meyer and
:r;;!::!id:l[biikle1\i~!'.Wi9) Incline Creek sll(lwed relative.1y

in P04-3 between stations. The

which stream bottolTl and suspended

P relentiel!l 1S ,influencing these

is unknown. Downstream

dissolved P contributions plus

(tom the upstream monitoring station
ofCset by stream bottol11 P and suspended

lll:cl!tl1'l:iUt resulting in similar diss()lved

for the three Incline Creek
$tjl,thllll~ Str' b" ,. I' I d P" ..,. eam ottO!11 retention or (ISSO ve

~so was reported in \,lard Creek (Perkins 1976;
leonard Ct al. 1979).

Cblloids;l I 'Th' P . I.?:it ".' .:,nc , .elt otentla Impormnce to

:",,"j~ut.riel1i\\?aterChemistry

.!t,l '6 Colloid nutrient 'transport also can playa
gOI Jeant role . . I . , .
• . In orgamc anc 1I10rrraOiC nutncnts

l:lligratin r " .~
and .. g to Stream and lake ecosystcms (Ryan
f'I, Gschwend 1990; Chin, and Gschwcnd 1991;
'(lIans and LI ..

, (' ames 1991; Backhus et al. 1993;
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Soil Solution Extract Nitrogen
(Before Rainfall Simulation Event)
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Figure 4-7- Water extractable inorganic and colloidal nitrogen from soil before artificial rainfall (from
Rhea et al. 1996).
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Figure 4-8- Water extractable inorganic and coHoidal nitrogen from soil after arrificial rainfall (from'Rhea

et al. 1996).
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Figure 4-10- Phosphonls release during leaching of undisturbed soil cores from upland forested sites
(UPFOR) (from Harlow 1998).
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Phosphorus release curve for treatment UPFIX
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Figure 4.11-Phospbonls release during leachi.ng of undisturbed soil cores from upland sites '"'lith nitrogen
fixing vegetation (UPFIX) (from Harlow 1998).
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collected during the more recent period \\7Y 1988

to WY 1995 and consequcntly reneers more

current rather than historical conditions. Even so,
Inclin~ Creek always exceeded this value, while

Glenbrook Creek docs so about half the time.

With a range of 21 to 42 l-tg/L, TP in Logan

I-louse Creek was relatively low, again reflecting

its undeveloped nature.

rn their analysis of land use and water

quality in streams tributary to Lake Tahoe, Byron

and Goldman (1989) used the y-inrercept from

plots of disturbed, low, and high hazard land

versus TP as representative of control conditions,

i.e., those \vith little or no human disturbance. At

the time of their analysis adCllwlte data was only

available for strcams on the north, west, and
south sides of the lake; monitoring of the eastside
creeks was not yet fully undenvay. They found

that the' predicted 1'1' concentration without
disturbance was in the neighborhood of12 to 15

~tg/L, which supports the California water quality

objective of 15 ~tg/L (representing hisrorical

conditions) .

Lilke Tilhoe Watershed Assessment

lH If) Mninmin Existing I"""gh,~r QU:lliry (RJ\HIQ,) >lr" based on the 95th perc':ntilc usin/; Ihl: WY 191:\8- 1995 d,ll':1 Sci.

r;lbi',,!ctivl:S Im.ll:d on \10th P(~l:C<J1ljle valu", I;..IC hjsWri(~11 (of'~!1 pl,,-1975) Walet '{!laHtI'"

87 88 89 90 91 92 93 94 95 96 Nevada' Califomia2

TC ND ND 42 42 32 34 44 36 58 49 15
UT 48 40 43 32 37 23 40 28 53 44 15

GC 24 23 18 21 21 17 ?" 17 28 31 15-,)

'Be 43 33 35 34 51 3J 57 27 71 126 15

We 3," 31 33 34 35 33 55 39 67 101 15
TH ND II 160 75 241 119 164 100 345 60 50

ND ND 98 1:11 74 68 81 76 l31 67 SO

ND ND 70 42 48 33 ND 6D 78 74 50

ND ND 32 ~)4 2C, 21 28 20 42 30 50

. ble4-J.-]vleaI1 annual total phosphorus (P) concentrations (llg/L) in each of [he monitored streams in the
oe basin. Values were obtained by dividing total P load by annual discharge. Each year 30-50 samples are t.'\kcn
dlemical analysis from each stream as part of the Lake Tahoe Interagency l\Jonitoring Program (LTIl\'!P). t\

c~lttYeat (\Xfy) extends from October! to September 30. LTHvlP streams include TC :;:: Trout Creek, UT =
tperTruckee River, GC == General Creek, Be = Blackwood Creek, WC =Ward Creek, TH =Third Creek, IN ==
: eCreek, GB ~ Glenbrook Creek and LH ::: Logan House Creek. Combined these account for approximately
i~Gf the annualtnflow to Lake Tahoe, NO denotes that data is not available,

, -rt'~Ofl to Backge<round Concentrations and
; Comp" '
~\\l1J~rQu~llitT Standards

",,"'~r"Tai)1c 4-3 provides the average annual

;,~w.\\'eigbt.ed toul·P concentrations. for the nine

LTIMP streams, J\ccompanylOg these

:'~Ilcentracions are the numeric warcr '1ua1i ty
~;'lIld2rds and objectives established by California

~a:Ntwada.For California~ each creek is
1dencical with a desired concentration of 15 J.lg/ L.
( is ,cI1l0centr:ttion waS exceeded in each of the

~'Jears fn)m \XiY 1987 to \Xl1' 1996. For maS[
, the :LTlMP creeks, it was exceeded by a factor

tW,o",tp four times; however, in W'ard and

cd Creeks during \VY1995 and \XlY
,15 j,tg/L \vas exceeded by four- to

}pnly General Creek approximated the
'I'
y objective with average annual TP in

17 tQ 31 pg/L. This observation'

,1J~e of General Creek as an indicator

,c,ond,itions. The CaliEclmi:\ objectives

~tjsu'lady stringent, they are aimed at
'ij~rhjst(Jrical or better water quality. The

f .~\alue of 50~lglL is based on data
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Directly differentiating between the

natural and the hum'.m itl1p~{ct contribution to P
delivery is difficult because there is no adequate

database for predcvelopmcnt water quality

conditions in the J..TI~·lP watersheds. I-Iowever,
as noted above, the General Creek watershed can

be considered as rclatively undeveloped because it

is in a state park. .If one characterizes P transport

in General Creek and applies these relationships

to a more developed watershed nearby, one can

get a glimpse as to what P transport would be like

if that nearby ,>vatershed were not subject to

human disturbance. This technique enables a

preliminary differentiation between natural and

human-influenced P delivery. Of the monitored
watersheds adjacenr to General Creek, \v'ard
Creek is the best candidate for comparison.

Housing subdivisions and roads are the major

human influences in \'\Tard Valley. General and
\Xlard Creeks have approximately the same

precipitation amounts, vegetation types, and basin

area; however, they are not identical with respect
to all aspects of geomorphology. For example,

the General Creek watershed consists primarily of
a granitic geology, whereas the \X?are! Creek
w:\tershed contains significant portions of
volcanic material. In addition, channel
morphologies in the lower reaches of the main
stems are different (N()rman 19(9).

In his analysis of this situation, I1atch et
al. (J 997) presented a simplistic "model" c,f TP

loading in which annual areal 'rPload is

significantly related to annual discharge for

General Creek, 'I'his model is intended only for

problem-scllving purposes. Assuming that current

hydraulic discharge in \X,tarel C,reek would be

characteristic of undeveloped conditions, the

discharge for \,(lard Creek was substituted into the

equation generated from the General Creek
model. The results of this extrapolation indicated

that W'ard Creek areal 1'1' loading would be much
lower during high precipitation and discharge

years (Figure 4-12) if the watershed had no

development. WIard Creek's actual measured load

exceeded the predicted load during above-a\'erage

precipitation years, suggesting that \,(lard Creek

responds to the effects of human development

primarily during high-discharge years. The model

estimated that human development increased

250

areal TP loading Over backgroundlevd$,'~'b\,c'~":
• \Vr\' 'It)' Q" b 39 . ",3percent In \\", oj, y percent in \'\iY' 1984

by 74 percent in WlY 1986, by 33 percent ill \'(~

1993, by 58 percent in \\'!Y 1995, and b}, 144
percent in \X1Y 1996. That aeUla\ meaSured

loading from Ward"Creek was similar to predictl:d

loading based .on the General Creek model dUring
low preClpltatlon/low How years but was gteater

during bigh precipitation/high now years
supports the observation mode by Hatch (1997)
that TP loads did not increase greatly with
precipitation levels until a certuin threshold level
of precipitation \vas reached.

Nitrate Transport

Coats and Goldman (1993) published a
srud)' on nitrate transport in subalpine streams in
the Tahoe basin. LTlj'I'1P data from Ward Creek,
Blackwood Creek, General Creek, the Upper
Truckee River, Third Creek, and Snow Creek
were used t.o develop a linear model relating
nirrate-N concentration . to two discharge
variables. The data set comprised >3,100 mean
daily discharge and nitrate conctntration ~'alues

representing 45 watershed years. The goal was to
compare the re\alive contribution to nh,rate,

concentration of two dominant water lypes: S'~ott

flow-path water, which occurs during storms

snowmelt, and long How-path water, or

tlow.
'r'he l~rst variable was a

function of discharge, derived frc,m

model for both water types in :\11 opea ,
The second variable lIsed either cumulative. wate~'

discharge or cumulative nitrate load for the,watct,

year. Stepwise linear regression was used '!O,fit

model parameters to the data, Both independent

variables made a highly significant contribution to.

explaining the concentration variance. Values 0.1
R2 ranged from 0.22 to 0.45. For one catchrnent,

the model was fined to data for eight separate

water years; it explained up to 80 percent of the.

variance in nitrate concentration. The resultS of

this srudvindicated the Coats and Goldman

model ca~ be used to distinguish anthropogenic

nitrate sources from the ion pulse associrtted with

early snowmelt and can be developed intO

pre~lictive models for estimating total N load,
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patterns persisted until the later parr of the 1850s

at which time more defined, less transient,

patterns of grazing c\'oln:d along with human

settlement patterns (Supcrnowicz pel's. comm.).

B\' the late ninete<:nth centun' in t'he Lake Valle"

area of the Cpper THlckee Ri\'er watershed,

har\'ested land was being grazed by dair\' cattle,

and indiscriminate, unregulated sheep grazing was

occurring in those areas not suitable for cattle

(sec Chapter 2; Superno\\'icz pers. comm.).

During this same period, land usc acti\·ities in the

headwaters of the Upper Truckee Ri\'er were
primarih' limited to grazing; no commercial

logging occurred. By the 1910s, the de\'elopment

of a seasonal grazIng allotment s\'stem
throughout the watershed dedicated land to

specific uses and limitations, The allotment

system attempted to reduce the pre\'inus le\'els of

resource damage and essentialh' eliminated

indiscriminate sheep grazing (Superno\\'icz pel's.

comm.). Hnwe\'er, four decacles larer the

California Department of fish and Game noted

the Lpper Truckee Ri\'er "'as experIencIng

erosion problems due to past cattle grazing

(CDfG 1957).

Commercial, logging first occurred in the

Lake \'alle~' portinns of the Lpper Truckee Ri\'er

watershed In the 186()s (Supern()\\'icz pel's.

cornm.). Han'est data from 1887 to 1890 in

T.12;'\j., R.18F inclicatc a sund composition of

Jeffrey pine (PillllJ .Mh:J'/), sugar pine. (Pill/IJ

/lIf1//Jfrlillllll), and Incense cedar (ClI/O«,{/I'IIJ

decrurrens) \I'irh an a\'erage diameter of 67 cm

(26.4 in) (see Chapter 2), B,' 1897 the

aforementioned township, and Lake \'allc,' in

general, was almost entirch' cut moer (see Chapter

2; Supernowicz pers. comm.). 1n 190'16, parcels of

Lake Tahoe \Vatershed Assessment

Between 1852 and 185'7 emigrants mOl'ed
thousands f h '
T h

0 seep and cattle through the Lake
a oe baSIn I' . _, _

C
. , on t letr wa\' to the gold helds or

ahfornla (Su " ' , .
perno"·lcz 1999).. TranSient grazIng

History

Focal Aquatic Ecosystem: Upper Truckee River

By Erik M. Holst

General

ACCOUNTS OF FOCAL AQUATIC ECOSYSTEMS AND

ECOLOGICALLY SIGNIFICANT AREAS

From its headwaters at approximately

2,804 m (9,200 ft), near Red Lake Peak, the

Upper Truckee Ri\'er flows north for a distance

of 34.6 km (21.5 mi) into Lake Tahoe (CDFG

.1987). Within the 146.6 km c (56.6 mi c) drainage,

24 tributaries flow into the Upper Truckee Ri\'er

(CDFG 1987). The Upper Truckee Ri\'er and the

tributaries which make up the Upper Truckee

River Watershed comprise the largest

contribution to the waters of Lake Tahoe
(CWQCB 1999).

Using l\Joyle's (19%) aguatic habitat
classification, the Lipper Truckee Ri\'er can be

divided into two aguatic habitat t"pes: alpine

streams and mains tern ri\'ers and their larger

tributaries. (See Issue 5, Chapter 5 for furt;~er
discussion of 'this classification.) ;\[ainstem ri\'ers

and their larger tributaries arc widespread and of

special concern in the Great Basin PrO\'ince. Th.at

is, they are "declining in abundance and llualitl·

but many examples ~till exist" (;\[olle 1996, ~.
946). However, as noted in Issue .< Chapter 5,
onl\, main t' , ... s em fl\,ers recell'ed the highest concern
rating of "imperiled" in the Lake Tahoe Basin;

the lower reaches of the Lpper Truckee Ri\'er
comprise the 0 I '-,. n \. repres<:ntat1\'e ot a matnstem
rIver in the basin.
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Ecology
The California Department of Fish and

Game evaluates warer management strategies and

manages fish resources in the Cpper Truckee
River based, in part, on instreal11 fish flow

requirements (CDFG 1987). Based on channel

morpholog!', substrate, water flows, and h:1bitat

t"pc, the Department has di,'ided the entire 34.6

km (21.5 mi) Cppcr Truckee River into five

segments (Table C-2) (CDFG 1987).
l\:ative fish species presently occurring in

the Cpper Truckee Ri"er include Lahontan

cutthroat trollt (OIlWr!!)'Ilc!lIIJ darkii bl'IUhtIJl'/),

lThc California Fi~h ~lnd G:1ITll: Commission and tht: California
Dt:partnh:nt llf Fi~h and Came: ;Ire different l'nririts: the Calit-ornia
hsh and Game CI)mJl1is~i()n h;lS bt:cn in (::\isrcncc since 18-(1
(CDre; 1'.I9'h), \1>. Celi,,'s letter d,'t, n"t clariir (he agcnCl
:It"filiaril In of tht: °rish Cllmllli~5i(ln.·

spring, gates on these dams were opened to

facilitate fish passage (COfG 1932). Celio (1930)
nores the exisrence nf a fish trap built bl' the Fish
Commission on the Cpper Truckee. Effects of

these impoundments and fish traps on water

flows and the aquatic biota are unknown.

Howe,'er, it should be noted that during this

same time period, the '\It, Ralston Fish Planting

Club 'I'as introducing exotic species such as water

lilies, water hl'acinth, and parrot feather into

numerous high ele,'ation lakes (Pierce 1932).

Thel' also introduced C;")))/)/tll'/U (a fresh water

shrimp) in shallow lakes and streams in the Lake

Tahoe basin area (Pierce 1932). Similarly, during

the latc 1920s, private indi"iduals were srocking

sections of the Cpper Truckee River with brook

trout (Sa/l'e/illllJ' jiJl/tillali..) supplied by the Fish
Commission I (Celio 1930). At the urging of the

1\lt. Ralston Fish Planting Club, the California

Division of Fish and Game (which was to

become the California Department of Fish and

Game) closed the Upper Truckee to fishing in the

late 1920s for a period of twO to three ,'eats

(Supernowicz pel's. CO 111 111., Celio 1930). This

closure precipitated a disagreement during the

lare 1920s and earh' 1930s between the fish

planting club, the California Di"ision of Fish and
Game, and private interests in the basin. ~either

the extent nor the effect of such introductions

and closures is well documented (Supernowicz
pel's. comm.).

C-2

this township \rcre acquired b:' the l'SDi\ Forest

Serrice from the Carson and Tahoe Timber and
Flume Compalw; this aCCJuisition included both

h;-tnesred and unharyested l;-tnds, The hanTsted

areas includcd stands or portions of stands that

were cleareut as tarl!' as 1860, along with other

areas that wert selectiycly logged in the 190()s

(l'SD/\ 1935). '\lost of the timber han'cst

occurred on tlatttr ground, and st:lnds within the

same land sun'ersection in ,,'hieh cleareut:s

occurred were noted to cont:lin uctS betwcen 75
and 3()0 rc;HS of :lge (USD,\ J 9.15). The

acquisition included two main :lreas of ','irgin

timber,' Thc 227 ha (560 ac) tract of hte seral

timber adj;-tccnr to the sawmill oper;-tted b\" C. G.

Celio and Sons was described as ha\'ing Jeffre:'

pine aycraging 122 cm (48 in) in diamcter :It brcast
height in some areas (USDA 1935). ",\11 age classes

were represented in this stand with 95 percenr of the
yolume being classified as 'mature and overmature';

the species characteristics for the emire 227 ha (560

ac) tract are described in Table ~-1.

Br 1996 the stand composition in this area

had shifted to Jeffre!' pine, lodgepole, white fir, and

incense cedar with a,'erage diameters of 35.5 to 40.5
cm (14 to 16 in) with the largest diameter being

about 76 cm (30 in) (see Chap~er 2). (For further
discussion of historical land uses, see Chapter 2.)

In general, land use along the Upper
Truckee River in the Lake ValJel' area from the
1850s to the 192(1s/1930s was expansi,'e and
intensi,'e in nature insofar as logging, ranchit1g,

and grazing created openings and meadows where
they had not previously existed (Supernowicz

pel's. comm.). However, after the 1920s/1930s

land use patterns changed, and vegetation began

to encroach into the openings created during the

Co.msrock Era (Supernowicz pers, comm.). In
addition, during the Comstock Era and shorth'

thereafter, impoundments were placed along the

L'pper Truckee River and its tributaries to

provide water for domestic and/or agricultural
use (Supernowicz pel's. comm.). Sanders, in his

1932 'field Correspondence' to Chief l\facaulay

of the California Department of ~atural

Resources, Di,'ision of Fish and Game, notes the

existenct of dams along the Lipper Truckee Ri"er

that were used ro irrig'ate cattle past:LIres in the

summer monrhs; during the fall, ,\'inter, and
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1987). Table C-3 notes the California Department
of Fish and Game optimum ·flow regimes for

each of the segments of the Upper Truckee River;
these regimes were determined independently for

each segment (CDFG 1987).

Adult Lahontan cutthroat of the Heenan
Lake strain were introduced annually in Ta)'lor
Creek and the Upper Truckee River from 1956
through 1964. Ho'..vever, it is believed that
competition from, and to a lesser extent
predation by brook trout and other non-native
species prevented the establishment of a self­
sustaining cutthroat population (Elliott pers.
comm.). After the removal of brook trout in
1989, the California Department of Fish and

Game restored Lahontan cutthroat trout to 6.4

km (4 mi) of the Upper Truckee River and its

tributaries, upstream (south) of the confluence of

Lake Tahoe Watershed Assessment

Segment Length Location Characteristics
1 10.5 km (6.5 mi) Lake Tahoe to Angora Creek silt, sand and mud substrate

2 3.2km (2.0 mi) Angora Creek to Echo Creek cobble and gravel riffles; sandy
pools

3 4.5 km (2.8 mi) Echo Creek to Benwood Creek silt, sand, gravel, and boulder

4 1.8km (1.1 mi) Benwood Creek to the end of low gradient of approximatel)' 0.7
Christmas Valley (base of Hawley percent
Grade)

5 14.6 km (9.1 mi) Benwood Creek to the headwaters 5 to 6 percent gradient with
near Red Lake Peak interspersed flat meadows

Av. Max. Estimated Percent cut
Common Name __S_c_i_en_ti_fi_c_N_a_m_e"'-- c_m---'(~in_')'__ c_m~(i_n..!.) ............by Specie_s _
Jeffrey pine PililisjeJji'f..)'i 76 (30) 127 (50) 66.2
Sugar pine Pillus /am/mtialla 107 (42) 152 (60) 12.3
White fir Abies cOl/c%r 91 (36) 137 (54) 11.3
Red fir Abies magl/ifica 66 (26) 76 (30) 6.6
Incense cedar Ca/ocedms deCIJmllJ 99 (39) 152 (60) 3.6

Lahontan redside (RichardsollillS egregim) , Paiute
sculpin (Co(tus be/dillgil) , and Tahoe sucker

(Catostomus tahoetlsis) (CDFG 1987). Introduced
species include brook trout (Sallie/iII/Is fOil/ilia/is),
brown bullhead (AlIleiurus lIebli/osm), brown trout

(Salmo trtltta), and rainbow trout (Ol/corl~l'l/dJils
mykiss).

Rainbow trout and Paiute sculpin occur
throughout most of the drainage. \'\;'ith the
exception of Lahontan cutthroat trout which are
stocked in the Upper Truckee River's headwaters,
the remai '. .ntng specIes generally occur In the lower
gradient reaches downstrea~ of the base of
HaWley Grade (Segment 4) (CDFG 1987).
Spawning and . f I k .reatlng a a'e run raInbow trout
brown trout L h d . ', a ontan re SIde, and Tahoe sucker
also occ . hur In t e lower gradient reaches
downstream f h bo tease of Ha'wley Grade (CDFG

Table C-l.-Segment lengths and substrate characteristicsof the Upper Truckee River as delineated by the
California Department of Fish and Game (CDFG 1987).

Table C-l-Timber species characteristics and estimated volume for a timber stand within lands acguired from
Carson and Tahoe Timber and Flume Company (U~DA 1936).

-
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Table C-3-C:llifnrnia Dt:p:ll'tl1lenr "t' Fi,h :lml G:llllc' I 'plimulll tl, 1\\' rcgll1k', f, ,r clch 'If tht: ,t:gl1leilt,
of rht: L' ['!1Cr Truckee Ri\'cr (CDFC; 1'iH-),

-".__._"---'-'-,------" ..,-~'_.._.__ , _,_._.__..-_._-_ __.._..__ '_._ __ __--_.'"._"_..__ __.__.•._.~.._-_.--
Segmt:nt Optimization strategy

.......,.( )~'ri miz~tl;',~~"'-s'i: ;1'-")) ;'-;;~\'I;-~'r:1'I,; r"'sr',~"~~:ni n'~':;I;'J'i ;;~'ul;:;~i<;~"h:1 bi tel r fn 1111 ()c ~(;l~:,,:'i rl ,"\i'~~;;-

3{; oprimize fl.r rainbu\\' trI1Llt sp:l\\'ning and incul):1tinn h:1biLH !\pril 1 ro .lull- 15; :lnd,

optimiz<: for brown truut rearing habirat .lull- I (i ro (ktnber I,

..,
(lptimiz<: tl,,\\'s for lake run rainbll\\' habitat ft'!lm !\pril I and.luh· ).'\; uptimize for r:linbo\\'

trout rearing h:1biUt .lull- I () to Seprember ,1(1; and, oprimize for brown r!'<,ut sp:l\\'nin,,, and

l'ilinhm\' trour rearing habit:H CktlJber I til \larch ,11),

Optimize rlo\\'s fur r:linbr,\\' trout spawning :lnd incub:Hion habit:1t from .\pril I to .lui\' 15;
uptimize fur raihbO\\' trout rcaring habit:1t fmlll Juh' Hi to Septemb<:r 311; :1I1c1. optimizt: for

bl'(J\\n truut sr:1\\'I1ing and r:linbO\\' trout re'<1!'ing habitat October 1 ((l \larch ,10.

Optimize tll.lWS for !:lke run rainbo\\' n:nur h"hitat~,

:J The C:1lifornia Department of Fish and Gamc noted no spccific tlo\\' objecti\T for Segment

5 in their "Srre,1m L\'aluatio!1 Rcport 8:-1" (CDFG 1987 ); ho\\'<:\'cr. the California Herirage

Trout Program notcs rhat L:1l1ontan cutthruat rrout h:\\'(: be<:n restor<:d to the l.'pper Truckee

. ~ J3.l~:::2i.!,!1C~f. rrihurarie.;:, up,rrt::1f12 Ilf th,:: contlut:.nce \\'irh Sho~\'Crs Cre,:.-'~jC:DFG 1~2.:~!22:-

~ Segment -l requires maintenancc "f natur;l! nn\\' cnnditinn;; all I'car long.

reuc:ltIon Illal tr:lm[)le \'egeration. :lch-<:rs('II'

affect streamb:lI1k stahilit\', :Inc! degrade water

l)u:llin'. In the past there \\'as e:--:pr<:ssc'c\

ri\'er's mouth, and thc lo\\'cr l't::1ches of rhe L'pper

Truckee Ri\'er \\'ere channelized and

h\'drnlngically !11odified h\' thc consrruction of
the South 1.:1ke Tahoc :\irp,)l't (CDfC 1%3,
C\\'QCB I'l')!)). :\dditionaJh', In\n:r porri"m of

the l'-pper Truckee Rin'r \\';Hcrshed h:\\'e been

:1dn:rst:iI' affected hI' the urhanization (If T;lllOe

\'alle\'. :\cti\'itics such as the consrrueriun of

housing de\'t)npmenrs, thc cnnsrrucrinn ;wel

m:lIntenancc of rwn golf cnurses :lnd Highwa\' 50
ha\'c :lltered landscape fe:Hurcs, changed surface

run·off patterns, cnnrrihured ro degraded W:lter

"lualitl· and inrroduced c:--:otic pLll1r species,

Effects from recreational :1cti\'itics to the

L.'ppcr Truckee Ri\'er \\'arcrshed arc sl,mewh:1t

difficult to "luanrif\', Some lamb in the drainage

h:1I'C been, and :lI'e being :tlll'erscil' :lffccted :u

\',HYing degrees h\' a \'arietl' of uscs includin,l!;

disptrscd !11lltorizc:d and nonmowrizc:d rccrcarinn

I

!
I
I'
!

Shu\\'crs Creek (COre 198';'), Since )989 ;1nnual

reI11O\':I\ t:fforts ha\'c continucd and \\'ill continuc

as long as this effon indiC:Hcs bro' ,k trout arc

present in rhis portion of the L'pper Truckee

Ri\'cr (Rciner pel's. cOl11m).

Grass Lake :\alu!':11 Research i\re:l and

Osgood S\I'alilp :lI'e t\\'O .I'pbt(!!,III/II1 bogs )nC:Hed
\\,jth in the L' pper Truckee Ri\'l:!' \\'atershed. F,.r

further discLissinn on these areas, sec the aCC()L1nt

for bogs and fens in this '1ppcndi:--:.

Effects ofHuman Activities

Aljuatie c'J!11muniries of th<: Lake Tahoe

basin lu\'(: undcrgunt: a ,ignificant rransf"rm:\tion

,Incc the ;trri\':1) of Furo,.\merical1 serrkrs.

Grazinl-!:, Il)gging, :lr1d den~lopl11<:nr h:1n: affected

\'irtllalh' all aljllatic e[(,,,'stems in the b:\sin, :1I1el

the sroeking of e:\otic fi,h in watn, in the 1.:1ke

Taho" basin (including n:ltur;lIh- fishlcss lake's and

drainag<:s) ha, ch:lIlged the Ch:1LICtcr 'lf the

b:\sin\ fishcl'\'. SimJiarh, the l'pper Truckee

Riler l1:1s unl1crgone notable change during thi,

time perio'!. Construction I)f rhc T:liHlC kel's

sllbdi\'isi' 'n displaced R, "\'land's .\hrsh :It the

(LSD,\ 1988). ,\del i ri (,n a111', c"ncen tr:1ted

C4 Lake Tahne \'Valershecl Assessment
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segn'c:nts of the sewage transport line lO'Dal\,
pel's, cumm.].)

C0l1se1"Vation

ror approximately the bst 1S rears, the

water clualit~· of tribuuries to Lake T:lhoe has
been . df . munltore to \,arYlng degrecs bl' the
ollo\\'ing agencies and groups: Em,ironmental

Protect' \ I''': \. ,, Ion [\genc~', . oInt .,rue les (,roup,

Lahontan Region Water Qualitl' Control Board,

LTniversit~, of :\lenda Reno, T\;\,ada Division of

Em'ironmenta] Protection, Tahoe Research

Group, LSD,"'. Forest Service, and l'S GeololTical
S b
. ur\'ey (TRPt\. 19%). Currently such monitoring

IS carried our by the latter 4 agencies and lTroup~

(TRP1\ 1996). Continuous l11o~itoring data ~"or an

arra\' of water quality components are lacking

(e.g., pH, turbidit~·, fecal coliform b:lcteri:l).

However, data compiled by Tahoe Regional

Pbnning ;\genc~' indic:lte that the Upper Truckee
River has exceeded the State of California's

acceptable total nitrogen :lnd biologicalh'

:lvalhble iron levels for water yens 1989 through

1993 and 1995; California' rot:ll phospho;us

concCntr:ltions were exceeded in water \'ears 19S 1
through 1995 (TRPA 1996), ,

Pursuant to section 303(d) of the Cle:ln
\\' .atel j\ct, the L:lke T:lhoe watershed (ref. no.

160501(1), has been listed b\, che St:lte of California

as a Catcgorv I (Impaired) Priority \,\'atershed

(C\\'RCB 19(8). As such, it is subject' to che Total

,\[axlmum Dailr LO:ld (TMDL) program. In

:lccordance with section 303(d) criteria, T,\IDL

monitoring levels for sediments and nutrients in the

Lake Tahoe watershed :lr.e being c1e\'eJoped by the

Lahontan Region of the Californi:l Regional \\':lter
QU:llity Control BO:lrd. The Upper Tru'~kee Ri\'er is

nor nOted on the 303(0) list; howe\'er, because of its

contribution to the surface intlo\\' to L:lkc T:lhoe,
re~ror·lt· d. 'Ion me:lsures are nee ed to impro\'c lakc
cbrity (C\\,(~C13 1(99).

;\\though man~' oi the water qU:I\itY

Issues in the l.'pper Truckee Ri\'er \\'atershed :lr~
bcintt j' db coor( In:ltc at stare and local le\'els, the

majorit\, of the watershed is presenth' man:lged bl'

the l:SDA Forest Sen'ice, and \\:hile t1~~re i's

pm'ate o\\'nership, both the L:SD;\ Forest Sen'icc

:lncl the Sr:ltc of C:llifornia nl:lnage :I signific:l1H

portion of those lands illlnlediateh'

, Prior to 1989 "'ast." .,'. , ,
treat . n\ ,ltt.:! tn 1m South I,akl' I ilhlll: rL'Ct'I,"cd tLTrian

men< and \\'Uul \ . . .." . ' :
P

ers c . l m\.:1..1 plll.l.blL dnnkll1!.2; \\";ltcr srand·uc\ .. l""ll,lbn lf

. omm.). . ' .. "

concern regarding public access to certain

port!ons of the ri\'cr. Howen:r, recent land

acquisitions such as the Decelllberl998 purchase

of Sunset R,lnch b\· the California Tahoe

Co!}servancy, \\'ill prm'ide fur future access

(O'Daly pel's. co 111 Ill.). Specific impacts to aquatic

and terrestrial components of the watershed from

such scream-oriented recreation are difficult to

predict, but could be expected to correlate

roughly \\,ith the degree of development of

recreational facilities.

Increasing human population levels in the

basin also crcme other problems. To avoid

eutrophication of Lake Tahoe, sewage is currently

pumped out of the basin. Treated sewage has spilled

several times in recent years along the Luther Pass

pipeline that generall~' runs parallel to the L'pper
Truckee River, and on November 7, 1996 a spill of

5,000 gallons of treated wastewater went directh' into
the Upper Truckee (ND\\'P 1(97). In an aquatic
environment, wastewater spills have che potential to

introduce viral andlor parasitic pathogens, raise

bacteria levels, reduce dissolved oX\'gen, increase

suspended solids, and/or stimulate algal blooms

(EPA 1996, CSGS 1997 , USGS 1(99)~ J-!owen:r,

wastewater treated at the South Tahoe Public l~tilitv

District (STPUD) facilit~· receIves secondar~'
treatment2 and is pressure tiltered before transpo;t

(Solbrig pel'S, comm.). Thus, the STPCO treatment
facility is considered 'tilter secondan" or 'adnnced

secondary' Uohmon pel's. comm).' Because such

secondary wastewater tn::ltmenr remo\'es dissolved

organic matter, IS chlorinated, but does not

appreciably reduce niu:ltcs or phosphates, am'
Impacts to the aquatic eOl'lrunment fro~

wastewater spills would be expected to be related

to ammonia (2(1 mg/l) ancl \'arious chlorine

compounds (3 mg/l), as opposed to pathogens

Oohnson pel's. comm, Solbrig pel's, com'm.).

GI\Ten the degree of treatment :lnd considering
dtlution r t" La es, Imp:lcts hom small w:lstewater
spills from the STPLO sew:lge transport line
would be expe t d \ .. \ '" d. c c to)e 0l1011ll:1 . (lore uce the
potential for W:lstcwater spills the Suuth Tahoe
Public CtT . O' '. .' .

1 It~ IStl'lct IS actl\'ell' rcpl:lclng older

"
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adjacent to the river. The California Department
of Parks and Recreation manages the majority of

state lands; however, several state agencies have
agency-specific management priorities for the
Upper Truckee River. As noted above, the
California Department of Fish and Game
manages fish resources based on optimum flow
regimes. The Watershed ;\'[anagement Initiative of
the California Department of Water Resources
has directed their efforts in the Upper Truckee
River to reduce sedimentation and nutrification,
to restore wetland function, and to restore
riparian areas andlor river morphology and

function (CD\'(/R 1998). The California Regional
\Xlater Quality Control Board is responsible for
prioritizing activities in individual watersheds.

They have established the following objectives: 1)
"to enhance water quality in the Upper Truckee
watershed of Lake Tahoe, through a concerted
effort of implementing watershed projects
improvement"; 2) "Use the Upper Truckee River
Focused \X!atershed Group'> as a clearinghouse for
existing. information"; 3) "Implement solutions
for restoration of watershed function (related to

water quality), as well as a reduction of sediment
and nutrient inputs"; 4) "Upper Truckee River
Focus \Vatershed Group, in coordination with
Tahoe Citizen Environmental Action network,
implements a proactive program of community
outreach;" and, 5) "Evaluate water quality
response to watershed management efforts to

develop more effective implementation
strategies" (C\VQCB 1999, p. 5-6).

Management direction for those federal
lands administered by the Lake Tahoe Basin
1\hnagement Unit (LTBl\TU) is guided by the
Unit's Land and Resource l\hnagement Plan

(USDA 1988), The majority of the Upper Truckee

watershed lands administered by the LTBMU are

included 10 the Tahoe Valley and Meiss

Management Areas. The Tahoe Valley

Management Area includes the lower gradient

reaches of the Upper Truckee River downstream

.1 To coordinate and focus watershed impro\'ement acti"ities, the
California Regional \'\"ater Quality Control Bo:ud, in cooperation
with TRP,\, established the Lpper Truckee Ri\'er Focused \'\'ate"hed
Group (LTRFWG) in \995; the Regional Water Qualin' Control
buard serves as the group's facilitator (C\,\'QCB 1999), L:TRF\,\'G
" ... i, currenth· cnlbborating "'ith rhe L'.S. ,\rm,' Corps of Engineers
(Curl's) to de\'e1op a comprehens;,'e "'atershed pbn,. ," (,-\clair pers,
(00101),
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of the base of Hawley Grade; the Meiss
:Managemeflt Area encompasses those reaches of

the Upper Truckee from that point south to the

headwaters.
Issues and concerns for the two

management areas are quite different, In the
Tahoe Valley Management Unit, most of the
national forest system land is at the urban
interface. As such, many of the management
issues involve concerns such as dispersed
motorized and nonmotorized recreation, stream­

oriented recreation, forest health, and risk of fire
(USDA 1988). By contrast, the concerns for

Meiss Management Area focus on wildlife

management issues; the area is closed to aJ]
vehicles and grazing is permitted (USDA 1988).
Currently Management Standards for the J\'Ieiss

Grazing Allotment are being analyzed; the
environmental analysis will consider water quality
tests on the Upper Truckee River that indicate
California standards for fecal coliform bacteria
levels were exceeded several times in 1999 due to

grazing allotment utilization (O'Daly 1999).
The primary resource management

emphasis for the Tahoe Valley Management Area
is meeting recreational, scenic and special use
demands (USDA 1988). The primary resource
management emphasis for the Meiss Management
Area is to " ... provide a variety of unroaded non­
motorized recreation experiences and to protect
scenic conditions" (USDA 1988, p. IV-140).
Management Practices for both areas include
'nonstructura!' and 'struct~ral' fish habitat
management strategies. However, the 'Standards
and Guidelines' differ as noted in Table C-4,
Differences In wildlife management habitat
strategies are also noted in Table C-4,

Further protection may lie in the future

for the Upper Truckee and its watershed. In

February of 1999, the LTBMU Forest Supervisor
recommended the National Forest portion of the

Upper Truckee River, south of Christmas Valley,

for Wild River designation under the Wild and
Scenic Rivers Act authority. This
recommendation has been forwarded to higher

Forest Service levels, and planning direction is in
place to protect the ri\'er corridor from changes

that could adversel~' affect Congressional Wild
River designation. (O'Daly pers. camm,)
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Table C-4-l.akc 'L1hoe Ba,in Land and Re'llllrcc ,\lanage1l1ent Phn Practicc" St:lndarlb :md C;lIiddine, for the
:'Ilei» :lnc! T:lhoe \':db \i:ln:l~el1lt:nt ,\n::"t (L'SD,\ 1lJI-\:'l) ,

-M;~;;;;I;A;~-~-l--' Pra~;;·~;-·_"·--·-----------S;;~~;;;;dG~~del~·------·-·-----
• .•• ••_ ...•. _. __ ~" _" •.. __ •. _". "•• _._." ._._._._. .• ._,, ,._~_~ _._.~ _.•~.~_. ._, . •• '_ _.~..__•• _.~ ..~,,_ ..__._•.__ ".~,.,_ o~_,,_ • _.".

;\ki" :\on,trllctural \\"i1dlife I {ahitat !Jrolt:Clor il11pro\c \\"ildlifc in l11t:ado\\" art:'l'

.\LlIl:lgement

Tahoe "alb"

:\onstructLIr:11 Fish Habitat

.\lan:lgcmcnt

SrwctLIraJ Fish Habit:lt

.\ la nagemen t

Strllctur,11 \\'ildlife Habitar

\!:Jnagcmenr

l\nnstructural and Srructural Fi,h

Habirat ,\Ianagell1t:nt

,\,,is( th~ California Dt:pa1'l1l1t:nt of Fi,h and

G:m1c in the rcinrroducrion of l.ahontan curthro:1t

trou t

Jmpnl\"L ,i,h h:lbir:ll in mC:ldo\\" areas.

\\":1tcrfO\\'1 nesting island, and rub, at Popc:'llar;;h

will he maintainnl Tubs will be repbced b\" ncstlng

island, in cooperation \\'ith rhe Cdiforni:l

Departmcnt" of Fish :md Came

Ill1pJ'(}\'c cnnditions on the l" pper Truckee Ri\,t:r

___~~~~S2'ator:'and re~gent trout. __

t For;l Ctllllpk:rL' list of Pr:\ctjCl·~. Sr:ll1dani:-- :lnd (;lliLklinc~ t'( lr tlh:~C :\rL':I~. pll.::l~l· Cl .n~ll1r tilL' I.TH\Il.' I.:llld :uld RL'~()llrCL: \L\n:\~L'mt:tl1 Plan (l'SD.\

1988).

Additionall\', :In necuti\'(:: order issued b\'

President Clintfln recent'" directed the Forest

Sen'ice to prepare an EI1\'i ron men t:111m pact

Statement affordinf; roadie" area" including

portions of the C rpcr Truckee \\'arershed,

protection from logging, road building, and other

activities. This designation would nm change the

\Va)' the area i, currenr'" managed, as tho,e

activities are aJreach" prohibited (O'Dalv per,.
comm.).

\Vhile rhe :lfort:m<::ntioned management

directions pW\'ide for gencr:1i cOIlSelT:ltioll and

management 'trategies, consideration' ,hould be

given to dn'e!opinl' a sl)ecific man:wement plan
(-I :--

for the l'pper Truckee Ri\'er in the cont<::xt of

how the biological integrill of alluatic <::COSl',tem,

in the basin would be maintained and imprrJ\'cd.

Due to the di\'ersill' of issue, and interests, ;;uch a

plan should includ~ a cI)ncertt:d effort to inwd\'c

\'ario us local, srate, and feeler:lI 'l~cncie" alon.l:
\\'ith r 'd 1 '

CSt eots an( special intercst groups,
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