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Chapter 4

conversations  with  numerous envitonmental
scientists at Lake Tahoe, it is clear that future
research and monitoring must address such issues as
effectiveness of BMPs used for restoration and
water quality treatment, potential reduction of
nutrient and sediment loading and its subsequent
impact on the nutrient budget, and such factors as
lake response, project design, project monitoring,
and priority ranking. This approach is critical to the
future of restoration efforts in the basin and is
discussed as part of Issue 2.

Issue 1: Upland Water Quality In The Tahoe
Basin, With Emphasis On Sediment And
Nutrient Discharge

With contributions from John Warwick, Lorin K.
Hatch, Charles R. Goldman, Scott H. Hackley, Shari
Silverberg, Kyle Comanor, Sherman Swanson,

Andrew Stubblefield, and Ted J. Swift

What are the current sources and sinks of
nutrients to Lake Tahoe? How do these compare
to previous periods of disturbance and
restoration since the mid-1850s¢

Much of the strategy for lake/watershed
management has come about in response to long-
term decline in clarity and increase in algal growth
rate since the 1960s (Goldman 1988; Jassby et al.
1999). For decades, planning, regulatory, and
implementation actions have focused on controlling
nutrient and sediment inputs to the lake. Examples
include, but are not limited to, the acquisition of
environmentally sensitive lands, building restrictions,
BMP retrofitting, erosion control, BMPs for
treatment of surface runoff, permits, and education.

It is now more important than ever that a
nutrient budget that quantifies the critical sources
and sinks of nutrients and sediment in Lake Tahoe
be completed. In simplistic terms, nutrient input
(Inup) is equal to nutrient output (Onyt) plus
nutrient storage in the lake (Spyt). To reduce
accumulation in the lake, which is a fundamental
goal of management, inputs must be diminished or
outputs (sinks) must be enhanced. For large lakes
such as Tahoe, management strategies for
significantly increasing outputs are not feasible. The

water clarity model described in this assessment is
intended to help predict the consequences of
nutrient/sediment control on lake transpatrency;
however, a nutrient budget is needed to identify the
most important sources of loading.

Nutrient Budget Components

Reuter et al. (1998a) provided a preliminary
nutrient input budget for Lake Tahoe in which five
major sources of nutrients to Lake Tahoe were
identified: (1) direct wet and dry atmospheric
deposition, (2) stream discharge, (3) overland runoff
directly to lake, (4) ground water, and (5) shoreline
erosion. The major losses include material settling
from the water column to the bottom and discharge
to the Truckee River outflow. This section provides
preliminary estimates for phosphorus and nitrogen
loading; however, in order to begin prioritizing and
evaluating the potential contribution of planned
restoration projects, a much more in-depth analysis
of the specific sources of N and P must be
performed.

Nutrient Input

Atmospheric Deposition—T]assby et al. (1994)
published a paper estimating the contribution of
atmospheric deposition of nitrogen and phosphorus
to the annual nutrient loading of Lake Tahoe. This
study analyzed atmospheric deposition both as
rainfall and dry fallout and then compared this to
loading from stream inflow. Six sites were equipped
to collect dry fallout and precipitation, and data used
in this analysis included the petiod from 1989 to
1992. Although alluded to in a 1985 report to TRPA
(Radian Corporation 1985) and again in 1988
(Papadopulos & Associates, Inc. 1988) the Jassby
study represented the first published research to
conclude that atmospheric deposition provides most
of the dissolved inorganic nitrogen and total
nitrogen to the annual nutrient load of Lake Tahoe.
It was further concluded that atmospheric
deposition also contributes significant amounts of
soluble reactive-P and total-P (TP) loading but to a
less extent. Comparisons of atmospheric loading at
the Ward Creek Lake Level location showed that
(1) deposition of nitrate and ammonium were
similar, (2) wet deposition of nitrate and ammonium

220 Lake Tahoe Watershed Assessment



Chapter 4

in the forms of snow and rain had approximately
twice the loading rate than deposition from dry
fallout, (3) conversely, the loading of dry soluble
reactive-P was 2.4 times that for wet, (4) the ratio of
total-N to dissolved inorganic-N (i.e., nitrate plus
ammonium) was 2:1, with dry fallout comprising 64
percent of total-N deposition, and (5) the ratio of
total-P to soluble reactive-P was also just over 2:1,
with dry fallout comprising 70 percent of total TP
deposition.

Annual wet deposition rates for nitrate and
ammonium were compared at seven sites in
California and one Nevada site close to Lake Tahoe,
where the measurements are taken by the National
Atmospheric Deposition Program (NADP). The
data for Lake Tahoe was judged to be consistent
with the two other Sierra Nevada stations located at
Yosemite and Sequoia national parks. Note that this
database was not sufficient and was it not intended
to separate in-basin versus out-of-basin sources.
However, Jassby et al. (1994) did hypothesize that
nitrogen could have both in- and out-of-basin
sources, while soluble-P most likely would have had
an in-basin terrestrial source. At this time, P present
in wet and dry fallout is hypothesized to result from
wood smoke (fires in the forest and wood stove use)
and from road dust and aeolian (wind) transport
from distutbed land. These conclusions and
hypotheses have lead to a more comprehensive
exploration of atmospheric nutrient sources, both as
part of this assessment and activities of the newly
formed Air Quality Modeling Group for Lake
Tahoe.

Using these data in concert with other
portions of the historic monitoring database and the
TRPA isohyetal map for Lake Tahoe (which shows
the spatial distribution of precipitation over the
entire lake and watershed), loading values for N and
P that fall directly on the lake surface were estimated
for this assessment. Nutrients deposited on the
watershed that are subsequently transported to the
lake are included in the calculations of stream
discharge, direct runoff, and ground water loading.
The database used for calculations in this section
includes Ward Valley Lake Level Station, 100 m
from lakeshore at an elevation of approximately

1,895 m (1983 to 1992); Ward Valley Bench, 6.8 km

west of lakeshore at an elevation of 2,200 m (1983 to
1992); anchored buoys at four lake stations, three
forming an east-west transect from Ward Valley to
mid-lake and the remaining one offshore of South
Lake Tahoe (1986 to 1992); and stations in
Glenbrook, Nevada, and Incline Village, Nevada,
which were operational only in Water Year 1982.

For bulk deposition (wet plus dry), the
estimated rates for both nitrate and ammonium
ranged from 250 to 450 ug/m?2/day, depending on
location. Typically, the open water portions of the
lake were characterized by concentrations at the
lower end of this range. Estimates of bulk soluble
reactive-P deposition ranged from approximately 15
ug/m?/day along the south shore to 55 ug/m2/day
near Glenbrook. For TN minus nitrate+ammonium,
bulk deposition ranged from 580 to 1,025
Mg/mz/ day; TP minus SRP ranged from 20 to 65
ng/ m2/ day, again depending on location.

Based on the distribution of deposition
measurements and the pattern of precipitation
denoted by isohyetal contours, the lake was divided
into eight regions. Within each region, the deposition
rate was multiplied by the area to determine bulk
deposition. The data below represent conditions
during the period from 1989 to 1993 and can be
entered into the lake’s overall nutrient budget:

Atmospheric Deposition
(metric tons per year)

Nitrogen Phosphorus
Soluble 107 5.6
Particulate 128 6.8
TOTAL 234 12.4

For the entire lake surface area, the
contribution of P was an estimated 12.4 MT, where
1 MT = 1,000 kg or 2,205 pounds. Direct N-loading
to the lake surface was estimated at 234 MT. This
accounts for 27 percent and 56 percent of the annual
TP and TN budgets, respectively.

Variability in these estimates is driven by a
number of factors, including adequacy of sampling
site coverage, year-to-year variability, and coverage
of events throughout a single year. Measurements of
the nutrient content of atmospheric deposition in
the Tahoe basin have been very limited. At this time,
only the Tahoe Research Group’s (TRG) two sites in
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Ward Valley and their mid-lake location are of
sufficient duration to estimate interannual variability.
The other data used in this analysis represent what is
currently available. Despite its potential importance
to the lake’s nutrient budget, sufficient attention has
not been given to establishing additional long-term
collection sites elsewhere around the lake. It is
difficult to quantify the variability resulting from a
limited sampling network; however, based on the
available data for the Ward ILake level, Incline
Village, Glenbrook, and the four lake stations cited
previously,  the  coefficient  of  variation
(mean+standard  deviation) for bulk nitrate
deposition (umol N/m?/d) is 22 percent. Similarly,
the coefficient of variation for bulk ammonium and
soluble reactive-P deposition are 24 percent and 36
percent, respectively.

Year-to-year vatiability also can be analyzed
by examining the wet deposition rates for nitrate,
ammonium, and soluble reactive-P at the Ward Lake
level station from 1983 to 1992 (Jassby et al. 1994).
The coefficients of vatiation for these parameters
were 31 percent, 37 percent, and 43 percent,
respectively. For each of these parameters, wet
deposition from 1989 to 1993 was within 10 to 20
percent of the values found during the longer 1983
to 1992 period.

Stream  Loading—The sixty-three streams
that drain into Lake Tahoe are characterized by
different levels of wutban development and
disturbance. The LTIMP has been sampling up to 32
sites in 14 streams since 1980. LTIMP is a
cooperative program including both state and federal
partners, and is operationally managed by the US
Geological Survey, The UC Davis/Tahoe Research
Group, and TRPA. The following streams are
currently monitored and have been monitored since
1988: Trout Creek, Upper Truckee River, General
Creek, Blackwood Creek, Ward Creek, Third Creek,
Incline Creek, Glenbrook Creek, Logan House
Creek, and Edgewood Creek. Note that because of
variation in watershed characteristics around the
basin and significant “rain shadow” effects from
west to east across the lake, no single location
represents all  watersheds. Flow from these
monitored streams totals 50 to 55 percent of the
total discharge from all tributaries. Each stream is
monitored on 40 to 60 dates each year. N and P

loading calculations were performed using the
LTIMP flow and nutrient concentration database.

Data from the early 1980s to the eatly 1990s
were used to calculate the stream loads for N and P,
as part of two separate studies (Marjanovic 1989;
Jassby et al. 1994). The results for annual N-loading
were 81.1 MT and 55.2 MT for the beginning and
end of this period, respectively. Comparable loading
values for total-P were 12.5 MT, and 11.2 MT.
Differences between these periods reflect the
variation in precipitation and runoff.

The US Geological Survey (USGS), in a
cooperative study with TRPA, also provided a very
preliminary estimate of nutrient loading to Lake
Tahoe from 1990 to 1993 (Thodal 1997). In this
latter study, annual nutrient loads associated with
streamflow were estimated by multiplying the mean
annual volume of surface-water runoff by the mean
annual nutrient concentration. Using this simple
approach, loading from runoff was reported as 70
MT for total-N and 20 MT for total-P (Thodal
1997). A very early estimate of streamflow nutrient
loading by Dugan and McGauhey (1974) estimated
120 MT of total-N and 9.2 MT for total-P. These
data are similar to the other estimates, despite being
much older and perhaps having been acquired using
different methodologies for nutrient analysis. Taking
the mean of these values, which represents different
periods and consequently different precipitation
conditions, loading estimates of 81.6%£27.7
(meanZtstandard deviation) MT and 13.3%4.7 MT
were obtained for total-N and total-P, respectively.
These accounted for 20 percent and 29 percent of
the N and P budgets.

As part of the joint USGS and TRG
analysis of the LTIMP stream flow and loading
database, scheduled for completion in 2001, these
loading rates will be updated and examined for
temporal  trends, station-to-station  variability,
relationship to land use, contribution by various
chemical forms of N and P, loading of total
suspended sediments, and other features of the long-
term data set. Part of that effort will be to calculate
loading rates for soluble reactive-P (SRP). As a
preliminary estimate for this report, SRP accounted
for 18 percent of total-P for the ten primary LTIMP
stteams sampled between 1989 and 1993. This is
exactly the mean SRP:TP ratio found for the Upper
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Truckee River (South Lake Tahoe site) from 1981 to
1997.

Direct Runoff—The Tahoe basin has 52
intervening zones that drain directly into the lake
without first entering streams. These intervening
zones generally are found between individual
watersheds and, as such, are distributed around the
entire lake. These zones range from 0.1 km? to 10.5
km?. The range for covered or otherwise disturbed
land within these intervening zone ranges from 0 to
63 percent. The overall ratio of disturbed land to
total area is 27 percent, with runoff from the
intervening zones accounting for 10 percent of the
entire drainage.

Calculations of loading from direct runoff
requires quantifying flow and concentration (flow
from each of the intervening areas was calculated by
Marjanovic [1989]). Data on N and P concentrations
in direct runoff are less available than concentrations
from other sources because this type of study has
not received priority funding in the basin. However,
based on a study of urban runoff at south shore in
1983 to 1984 by the Lahontan Regional Water
Quality Control Board (RWQCB) (1984), four
runoff studies conducted by the TRG between 1993
and 1998 (Ski Run, Pioneer Trail, Upper Truckee
Road, and a current study in the 4.3 km<= intervening
area between Ward Creek and the Truckee River
outflow), concentration data can be estimated.
Clearly, a significant amount of new monitoring that
focuses on urban runoff, which is not monitored at
the LTIMP stream sites, is still needed.

For the purpose of calculation, an area was
considered urban if 25 percent or more of its areas
was  classified as  covered or  disturbed.
Concentrations  representative of urban and
nonutban conditions were taken from the field
studies cited above and were used in the
quantification ~ of  loads.  Values  represent
mean¥tstandard deviation and are expressed as
mg/L.

Urban Nonurban
TSS 2381234 45128
Total Kjeldahl
Nitrogen (TKN) 1.01£0.62 0.33%+0.11
Nitrate 0.03%+0.02 0.03%£0.03
TP 0.43+0.13  0.07%£0.03
SRP 0.14x0.05  0.02%x<0.01

These concentrations are based on a rather
limited database. As discussed elsewhere in this
assessment, a comprehensive and well-designed
monitoring program for urban and direct runoff
must be initiated.

N-loading was calculated at 41.8 MT, or 10
percent of the total-N budget, while P-loading was
15.5 MT, or 34 percent of the total-P budget. Runoff
values calculated by Marjanovic (1989) for each
intervening zone were used in concert with the
measured concentration values. The percent
contribution of SRP to TP for direct runoff was
estimated at 32 percent, based on the concentration
levels. The observation regarding the high
contribution of P-loading from direct runoff is
particularly important because a significant portion
of the utbanization at Tahoe is found in the
intervening zones.

Ground Water—ILater in this section, a
summary of the knowledge of ground water
processes in the Tahoe basin is presented; however,
quantitative estimates documenting the contribution
of ground water discharge to the lake’s nutrient
budget is limited. The most comprehensive basin-
wide effort to date comes from Thodal (1997) as
part of a hydrogeology study of the Tahoe basin.
Data on the results of a ground water quality
monitoring study done from 1990 to 1992 are
presented. By  multiplying mean  nutrient
concentrations from their ground water survey (N =
1.0 mg/L; P = 0.074 mg/L) and estimates of total
annual ground water discharge to the lake (5.15 x
107 rn3), Thodal calculated “rounded estimates” of
60 MT for N-loading and of 4 MT for P-loading.
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This accounted for 14 percent of the TN budget and
nine percent of the TP budget. Nitrogen and
phosphorus loading was assumed to be in the
dissolved form (Thodal 1997).

Shoreline Erosion—The process of shoreline
erosion and its quantitative importance to the
nutrient and sediment budgets of Lake Tahoe have
received very little attention. However, the
importance of shoreline erosion has been highlighted
in recent years as a result of high lake levels and
strong sustained winds that altered some of the west
shoreline by many feet. A preliminary estimate of the
order-of-magnitude contribution of this process is
presented here, with emphasis that additional studies
must be performed before any action is based on
these rough numbers.

Quantification of the contribution of
shoreline erosion to the nutrient budget of Lake
Tahoe requires two components: the concentrations
of nitrogen and phosphorus associated with
shorezone soils and the amount of material lost to
the lake. In response to the former need, a pilot
study was conducted (Hackley, S. H., B. C. Allen,
and J. E. Reuter, University of California, Davis,
unpublished data 1998) to determine a first-order
estimate of N and P concentrations in backshore and
shorezone sediment samples. This work was
performed between July and September 1998 at
Carnelian Bay, Lake Forest, Homewood, Sugar Pine
Point, Pope Beach, and a site near Sand Harbor
(TRG, wunpublished). Thirty individual sediment
sections, ranging from 0 to over 250 cm in depth,
were analyzed. This work is ongoing; however, a
continuance of this research at the pilot study level is
unlikely to be sufficient to calculate adequately
nutrient loading from this source.

The amount of shoreline eroded each year
has not been quantified nor, even roughly estimated
(Smith 1999). With this understanding, a rough
estimate that represents a guess may later form the
basis for a more comprehensive estimate. This
estimate is needed for a number of reasons,
including refining the nutrient budget and the extent
of shorezone sediment loss. That stated, assuming
that 55 percent of the lake’s 113-km shoreline is
subject to erosion and that on average, a cross-
section with an area of 5 cm x 3 cm (0.0015) to 8 cm
x 4 cm (0.0032 m2) is lost from each kilometer of
erodable shoreline, then on the order of 100 to 200
m3 of material may be lost to the lake in a year. Over
10 yeats this would amount to 1,000 to 2,000 m3 of

shoreline sediment. Using a sediment density of 2.5
g/ cm3, this amounts to 2,500 to 5,000 MT of
material during that 10-year period. Furthermore, it
was assumed that once every 10 years, a very large
erosion event results in an amount of erosion
equivalent to that expected in an entire year. Under
these circumstances, during this hypothetical 11-year
period, there would be [e.g., 2,500 MT + 2,500
MT]/11 years, or approximately 450 to 900 MT of
shoreline material eroded per year.

Using the field concentrations measured in
the summer of 1998 (see above) the average ratio of
TP TSS was estimated at 0.0007. Concentration of
total-P per unit of wet sediment in a single sample
ranged from a high of 0.0013 to a low of 0.00003 g
TP per g sediment. The mean values for TP per g of
wet weight sediment at the sampling sites were
within a factor of 2, ranging from 0.00041 to
0.00098. The exception to this was Pope Beach,
which was very low in TP, 0.000068 ¢ TP per g of
wet  weight sediment. Applying a mean TP
concentration of 0.00068, a total-P load of 0.3-0.6
MT was calculated.

Sediment total-N concentrations measured
by TRG in 1998 ranged from 0.00005 to 0.003 g TN
per g sediment, with a mean of 0.0011 g TN per g
sediment. TN between locations was more vatiable
than for TP, with a range of 0.00025 to 0.00284 ¢
TN per g of wet weight sediment. Again, the Pope
Beach samples were much lower at 0.000084 ¢ TN
per g of wet weight sediment. Applying this to the
calculation of total-N entering the lake via shoreline
erosion tresulted in an estimate of 0.5 to 1.0 MT.
Note that these calculations depend on estimates of
actual erosion shoteline erosion rates, which are
extremely rough in this discussion.

Additional Considerations—Three sources of
nutrients to Lake Tahoe that deserve special
attention  include sewage effluent, fertilizer
application, and marina dredging. A body of
knowledge based on research in the Tahoe basin
exists for these three point sources. From a
management petspective, these sources are less
ambiguous than surface runoff, they can be readily
identified and measures can be adopted for their
reduction. Indeed, an early success at Tahoe in
reducing nutrient loading to the lake was the use of
scientific research and monitoring data to justify the
cessation of sewage disposal within the basin and to
the lake.

With increased population came the
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problems of waste disposal. Populated areas first
utilized septic tanks and leach fields, then more
sophisticated secondary treatment systems, and
finally a tertiary waste treatment facility managed by
the South Lake Tahoe Public Utility District. As
nutrient loading and lake clarity gained in public
concern, introducing treated wastewater back into
the lake was found to be inadvisable. Hence, sewage
began to be exported from the basin beginning in
1968. Initially, some efforts were directed toward
wastewater reuse. One pilot program sprayed
effluent onto fields near Heavenly Valley. Five years
after termination of this program, Heavenly Valley
Creek was found to be discharging about 60 times
more nitrate into Lake Tahoe than did Ward Creek,
which received no effluent irrigation (Perkins et al.
1975; Goldman 1989). Old leaky septic tanks remain
an uncontrolled potential source of nutrients that
still could be affecting ground water (Loeb and
Goldman 1979).

Historical and current use of commercial N
and P fertilizers in the basin also is of concern. The
fertilizers have been applied predominantly to ski
slopes and large turf areas, such as parks and golf
courses. Although no longer used to “harden” snow
at ski areas, the long-term ramifications of this past
practice remain unknown. Nutrient discharge from
fertilizing golf courses and other turf areas is largely
unknown. However, turf grass has been well
documented to be highly efficient in the utilization
of N and P. Fertilizer trials were conducted by the
University of Nevada, Reno, in the mid- to late
1970s on several Sierra Nevada golf courses,
including  Incline  (Gustafson and  Miller,
unpublished). Based on these findings, an N
application of about 20 kilograms per 1,000 square
meters per year of actual N would be sufficient to
meet plant uptake without excess application.
Properly managed, turf areas should function
similarly to wetland and riparian zones in their ability
to take up nutrients and to filter sediments. Loeb
(1986) estimated that application of fertilizer within
the Tahoe basin is significant. Approximately 26 to
28 MT of P are applied to basin soils each year by
golf courses, homeowners, and others. These
estimates were made on the basis of land use data
and, according to Loeb, were similar to projected

values made in an eatlier study by Mitchell and
Reisenaur (1974). While both these studies focus on
tertilizer application, a quantitative understanding of
effective loading to ground water or surface waters
from this source does not take into account the
nutrient budget. However, LTIMP sampling by the
USGS on Edgewood Creek, Incline Creek, and the
Upper Truckee River includes areas of golf course
impact. The possible effects of this source will be
part of the more detailed USGS-TRG report on the
historical LTIMP stream database.

For many years the contribution of marina
dredging to the nutrient load of Lake Tahoe was
unknown. Hackley et al. (1996) conducted an
extensive study of this issue from 1992 to 1994.
Highlights from this work include the findings that
considerable variability exists in the nutrient content
of sediments between marinas, within a single
marina, and within different layers of marina
sediments. Raw sediment total-N or total-P were not
good predictors of the level of soluble nutrients
during elutriate tests. On the order of one to six
percent of TP released to lake water during the
elutriate testing was determined to be biologically
available-P (BAP), as determined by chemical
testing.

Field monitoring done around a horizontal
cutter hydraulic dredge in Lake Tahoe showed that
surface plumes were detectable quite a distance from
the dredge itself (8-60 m) but that the highest
concentrations of turbidity and nutrients wete
localized within 3-6 m of the dredge. It was not
uncommon for concentrations of nutrients and
turbidity at the dredge in the lake to be turbidity 10
to 20 N'TU, total dissolved-P 10 to 30 ug/L, total-P
40 to >100 pg/L, nitrate 10 to 20 pg N/L,
ammonium-N 25 to >50 ug/1., and TKN 200 to 500
pg/L. The mechanical dredging methods (e.g.,
excavator, clamshell, and dragline) had relatively high
sediment resuspension.

The loading of N and P directly to the lake
from dredging operations from a given marina was
estimated to range from less than a single kilogram
to tens of kilograms. These loads are comparable to
other inputs from human activities. For instance,
release of five kg of TN or TP was calculated to be
roughly equivalent to the load in urban runoff from
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five acres of medium-developed residential or two to
three acres of tourist-commercial property.

Summary of 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 the 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.

INPUTS Nitrogen (MT) Phosphorus (MT)
Total Total Soluble

Atmospheric

deposition 233.9 (56%) 12.4 (27%) 5.6

Stream loading
Direct runoff

81.6 (20%) 13.3 (29%) 2.4
41.8 (10%) 155 (34%) 5.0

Ground water 60 (14%) 4 (9% 4
Shoreline erosion 0.75 (<1%) 0.45 (1%) No Data
Total 418.1 45.7 17.0

Losses—As discussed in much further detail
as patt of Issue #3 (Mass Balance Considerations),
Heyvaert and Reuter (TRG, unpublished) have

found that nutrient sedimentation losses to the
bottom of Lake Tahoe are 401.7 MT for total
nitrogen and 52.8 MT for total phosphorus. These
numbers agree remarkably well with the independent
loading estimates given above. This close agreement
gives increased confidence that the loading rates are
representative.

Characteristics of Nutrient Loading in Lake Tahoe
Tributaties, over Daily, Seasonal, Annual and
Interannual Time Scales—with Emphasis on
Phosphorus

Prior to 1980, tributary nutrient loading was
monitored as part of basic research, as part of
existing, albeit limited, water quality and streamflow
monitoring, or as part of specific project studies,
many of which were focused on highway cut-slope
and discharge. By the late 1970s, these programs
were no longer of sufficient scope or organized in
such a manner as to provide the extensive database
needed for land wuse planning and watershed
management. In 1979, the LTIMP was established to
meet these growing needs. LTIMP now consists of
10 to 15 federal, state, and local agencies.

Nearly 20 years of data from LTIMP has
been used for many purposes, including erosion
control planning, capital improvement construction
projects, environmental policy, community growth
planning, and basic research support. State and
federal planning and enforcement agencies must
base their decisions on data that will withstand the
most careful scrutiny. Long-term monitoring of the
lake and its tributary streams, as presently
accomplished by the LTIMP program, is required as
part of the adoption of the Basin 208 Plan.

LTIMP Ttributary Monitoring

Sampling  Design  and ~ Schedule—The basic,
long-term tributary monitoring under LTIMP is
currently operational on ten of the basin’s 63
tributaries at primary sites where sampling is done
near the point of inflow to Lake Tahoe. These
streams include five in California (Ward Creek,
Blackwood Creek, General Creek, Upper Truckee
River, and Trout Creek) and five in Nevada
(Edgewood Creek, Logan House Creek, Glenbrook
Creek, Incline Creek, and Third Creek). However,
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I. INTRODUCTION

This report presents information, gathered during 1972~73, concerning the
quantity of fertilizers used in the Tahoe Basin, and the possible effects of
this source of nutrients on the quality of water entering Lake Tahoe. The
investigation was made in connection with an interagency agreement between
the State Water Resources Control Board and the University of California,
Davis, and at the specific request of the Lahontan Regional Water Quality
Control Board.

Located on the California~Nevada border, in an alpine basin of the Sierra-
Nevada, the Lake Tahoe area offers visitors an unmatched combination of out-
door recreation and sophisticated night~life. The popularity of the area has
led to marked population increase within the Basin. During the ten-year
peried, 1950 to 1960, the population of the Basin increased by over

500 percent, making it one of the fastest growing areas in the United States
(L)*. Future population, with ultimate development of the Basin, is
projected to be over 200,000 people (2).

The rapid growth of population in the Basin led to concern for the effect
man's increased presence will have on the naturally fragile environment that
exists in this alpine area. Fears that man is increasing the eutrophication
rate of Lake Tahoe have resulted in the development of an overall environment
protection plan for the Basin. Each significant source of nutrient elements
to the Lake is being accounted for. Already, attempts to control the major
sources of nutrients have been made. Sewage and solid waste materials, both
of which contain large quantities of nutrient elements, are exported from the
Basin. Other potentially significant sources include additions from fertil-
izer materials, imported animal feeds, and man-related atmospheric additions.
This study was concerned with the role of fertilizers, both imported fertil-
izer materials and animal manures, in contributing to the eutrophication of
the Lake. It involved determination of the quantities of nutrients added
from fertilizers, estimation of their effects on the quality of waters
entering the Lake, and consideration of methods of controlling this source of
nutrients.

* Numbers in parenthesis refer to "References.”



II. QUANTITY AND COMPOSITION OF FERTILIZING
MATERIALS USED IN THE BASIN

0f the nutrient elements supplied in fertilizers, nitrogen (N) and phosphorus
(P or P,0.) have the greatest pollution potential, and for this reason these
two elemefits are considered in detail here. It is recognized that other con-
stituents of fertilizers may be of primary importance under some conditions.

A. Methods

Estimates of the amounts of fertilizers used in the Basin were made from data
on acreage fertilized and rates of application. A variety of sources of in-
formation were utilized both directly and as comparative values. Consumer
and distributor surveys were not attempted due to the generally unreliable
nature and high cost of the information obtaimed. In the survey conducted by
Nielson (3) an attempt tc obtain fertilizer—use numbers proved unsuccessful.
The homeowners were found to be unfamiliar with rates of applications, and
specific fertilizer characteristics. Similarly, data obtained from distribu-
tor surveys has generally proved to be unsatisfactory because of the
hesitance of businessmen to reveal personal information (4). It was also
noted in interviews with consumers and distributors in the Basin that a
significant portion of the fertilizer materials used were purchased directly
from distributors outside the Basin.

The principal areas of fertilizer use in the Tahoe Basin are golf courses;
school grounds; landscaped areas around motels, condominiums, and permanent
resident homes; and agricultural areas. Estimates of golf course sizes were
made from the "Lake Tahoe Report on 1969 Use of Water Within the Lake Tahoe
Basin" (5), and from interviews with golf course superintendents. School
area estimates were obtained through interviews with representatives of the
South Tahoe School District. Information on landscaped areas around
permanent-resident homes was obtained from the survey of Nielson and
Associates in commection with the Tahoe Research Group project "Ecological
Studies of Natural Vegetation Succession Following Disturbances and
Revegetation Methods" (3). Motel and condominium landscaped areas were
estimated from a survey of the motels and condominium units in the Basin
conducted as a part of this study.

Rates of application were determined from interviews with golf course
superintendents, school district personnel, nursery men, and from rates
suggested by Agricultural Extension Specialists (6, 7) and others (6a).
Characteristics of fertilizer materials used in the Basin were determined
from the information supplied on locally available materials and from
fertilizer use statistics (8).

=50~



B. Fertilizer Use

Golf Courses

Golf is one of the many recreational activities available to a tourist visit-
ing the Tahoe area. A total of 126 holes are available (9). They vary from
well kept eighteen-hole courses, to small less intensively managed nine-hole
courses. These courses represent a major user of fertilizer since fertiliza-
tion is essential to the maintenance of their greens, tees, and fairways. A
listing of the courses in the Bagin ig in Table 1 CnTF courses occuby

519 acres of the Basin. They range in size from the 25-acre Tahoe City
course to the 95-acre Incline Village course.

The quantity of fertilizer used by the individual courses varies greatly from
course to course and between the different areas on an individual course.
Information concerning rates and characteristics of fertilizers applied were
obtained from interviews with superintendents representing four of the nine
courses in the Basin. Their fertilizer management practices were then
compared to golf course fertilization rates suggested by Mr. K. D, Gowans, an
Agricultural Extension Service Specialist (6). This information is summarized
in Table 2. 1In general, the golf courses of the Basin fertilize within the
rates recommended.

From the data of Tables 1 and 2, estimates of total N and P fertilizer use by
golf courses were made and are summarized in Table 3. The estimated N use on
golf courses in the Basin ranges from approximately 23 tons to 35 tons per
year. Green areas, which receive generally the same fertilization programs
throughout the Basin, account for only 5 percent of the total N applied.

Most of the N is applied to the large tee-fairway areas. Approximately

70 percent of the tee-fairway areas are contained in the 18-hole courses that
have fertilization programs approximating those of Table 2. The annual rate
of application of N on the remaining tee~fairway areas was assumed to vary
from none to 2 1b. N/1000 sq. ft.

Since our estimates of tee-fairway areas may be large, due to the inclusion
of hazards, and because some 9-hole courses apply N at rates lower than
suggested, we expect the N used on tee—-fairway areas to be 20 to 25 tons per
yvear (Table 3).

Characteristics of the fertilizers used on courses in the Basin vary greatly.
Courses with intensive turf management programs use a wide range of materials.
The common use of slow-release N materials was noted in the interviews with
superintendents. At least one course used sewage sludge. (This sewage

sludge was an imported, N enriched, commercially available product.) The
N/P O: ratio of the fertilizers used varied widely but was observed to approx—
1mate 2/1. The mean analysis of California nonfarm fertilizers for 1971

and 1972 was 15-5-4 (15% N, 5% P205, and 4% K20) (8). Current use of P,05

on the golf courses of the Basin is estimated to be 8 to 12 tons per year.
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Table 1. Golf Courses in the Lake Tahoe Basin

Course Holes Total Total grass Greens Tees and
area area Fairways
Acre sq. ft. sq. ft. sq. ft.

Brockway 9 44% 1,900,000 27,000 + 1,873,000
Tahoe City 9 25 1,100,000 27,000 1,073,000
Tahoe Country Club 18 80 3,500,000 54,000 3,446,000
Tahoe Paradise 18 45 2,000,000 54,000 1,946,000
Bijou 9 50 2,200,000 27,000 2,173,000
Incline Viilage 18 95 4,100,000 54,000 4,046,000
Incline Green 18 50 2,200,000 54,000 2,146,000
Edgewocod Tahoe 18 90 3,500,000 54,000 3,846,000
Glenbrook 9 40 1,760,000 27,000 1,673,000
Totals 126 519 22,600,000 378,000 22,222,000

* From Lake Tahoe Report on 1969 Use of Water within the Lake Tahoe Basin (5) and from
interviews with golf course saperintendents.

+ Fairway areas imclude sand traps, trees, and water hazards.
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Table 2. Nitrogen Fertilizer Use on
Selected Golf Courses*

Golf Course Annual
nitrogen
application

Lb/1000 sq. ft.

Bijou greens 4
tees none
fairways none

Incline greens 8
tees 4-5
fairways 3

Brockway greens 12
tees 3-4
fairvays 3-4

Suggested greens 6-12
A.E.S. Rates tees 4-5
9 fairways 2-3

* Data from interviews with golf course
superintendents and Gowans (6)
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Table 3.

Fertilizer Use on Tahoe Basin Golf Courses

Area Size N Applied N Applied P205 Applied#*
fertilized

sq. ft. Lb/1000 sq. ft. Ton Ton
Greens 378,000 6 1.0 0.4
12 2.0 0.8
Tee and 2 22.0 7.5
Fairway 22,200,000 3 333.0 11.0
Estimated Ranges of 23 to 35 8 to 12

N and PZOS Used

* Calculated assuming the mean N/P,O. ratio of fertilizers used to be 2 to 3.

25
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Other Lawn Areas

Considerable areas of lawn and shrubs are planted around homes, schools,
motels, and condominiums in the area. Since fertilization is essential to
the maintenance of attractive landscape plantings in the area, estimates were
made of the amount of improved areas around these structures and of the
amounts of fertilizers applied.

The population of the Basin is conveniently divided into three different
groups: the permanent resident, the seasonally employed resident, and the

seasonal or short—term tourists. Io a basin-wide survey of distribution of
yvard types, Nielson (3) shows that the more urbanized areas are consistently
more highly modified than areas not boasting extensive commercial develop~-
ments. The homes of permanent residents tended toward the more stereotyped
conventional ranch style house, with lawn, juniper, and common garden flowers
covering most of the yard, while summer—cabin yards usually remained unmodi-
fied from the natural vegetation. Thus, the permanent residents of the Basin
are the group most likely to have improved yards benefiting most from
fertilization. Living in the Basin right now are approximately 30,000
permanent residents (10) occupying nearly 10,000 homes (11).

Nielson's survey (3) also showed an average of approximately 3,200 square

feet of improved area planted around individual homes. The size of these
areas varies greatly from home to home (coefficient of variability = 143
percent). The improved area around the 10,000 permanent-resident homes in the
Basin is approximately 735 acres.

Data on average fertilizer use by homeowners are available from several
sources. The average fertilizer use per urban home in the United States was
determined by Mehring (11) to be about 58 1bs., in both 1964 and 1966. 1In
Table 4 the estimated average amounts of fertilizer used per urban home in
California counties in and around the Tahoe area are shown. These estimates
were determined from nonfarm fertilizer use statistics (8) and the estimated
number of urban homes in these counties. Although the average use per home
varied greatly from county to county, the mean use per home for these eight
counties in both 1971 and 1972 was close to 22 lbs. of fertilizer per year.
Fertilizer use per urban home in the Tahoe basin counties of Placer and

Eil Dorado averaged 15 lbs. Homeowner fertilizer consumption at this magni-
tude would be less than one-half the average for California and one-third the
national average. This lower rate of fertilizer use by Basin residents is an
expected result since home use of fertilizers is known to decrease with the
mean annual temperature (12).

By assuming that the average homeowner applied 15 to 22 1lbs. of an average
California nonfarm fertilizer, the 10,000 permanent-resident homeyards in
the Basin would use 11 to 17 tons of N, and 4 to 6 tons P,05. Whereas these
numbers provide an estimate of homeowner fertilizer use, the data (8) from
which they were calculated include fertilizer used on golf courses, parks,
schoolgrounds, and other nonfarm areas in addition to homeyard use. Since
Placer and El1 Doradc Counties have a disproportionately high number of golf
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Table 4. Nonfarm Fertilizer Use in Selected California Counties*

1970 Non-farm Urban Home

County population fertilizer use fertilizer uge**

1971 1972 1971 1972

Ton Lb/urban home

Shasta 77,123 103 130 11 14
Plumas 11,367 9 18 7 14
Nevada 25,743 212 154 70 51
Placer 76,216 208 163 23 18
El Dorado 41,704 29 52 6 11
Amador 11,686 9 7 7 5
Calaveras 12,639 18 6 12 4
Tuolume 21,348 98 118 39 47
Mean use per home 1971 and 1972 22 21

* Counties with soils and climates similar to those of the Tahoe Basin.

** Calculated assuming 86.4% of population urban and 3.7 people per home.
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courses, the average calculated fertilizer use per urban home for these
counties should be higher than that of the surrounding counties. This was
not the case however, indicating that a large portion of the fertilizers used
on golf courses in Placer and El Dorado Counties was not locally purchased.
This was also the conclusion of the golf course superintendents interviewed.

Another estimate of fertilizer use for the yard areas around permanent—
resident homes would be to assume fertilizer applications at suggested rates.
Turf maintenance in these mountain soils requires an annual application of 40
to 90 pounds per acre of nitrogen (7, 12). This rate of fertilization
encompasses most of the rates recommended on commercially available lawn,
shrubbery, and flower fertilizers. Fertilization of the 730 acres of home-
yards in the basin at 40 1bs. N/A would require 14.6 tons of N, and
fertilization at 90 1lbs. N/A would require 33 toms of N. This would amount
to application of 3 to 7 1bs. of N per home or 20 to 47 1bs. of a 15-5~4
fertilizer. Thus, estimates based on nonfarm use statistics and at the

lower rate recommended by Kay (7) agree satisfactorily. Total fertilizer use
on permanent-resident homeyards is approximately 15 tons of N and 5 tons of
P205.

In addition to homeyards, fertilizers are applied on improved areas located
around motels and condominiums. An estimate of the size of this area was
obtained from a survey conducted in August 1972. Motels and condominiums
were visited and the amount of improved area around each facility determined.
The results of the survey showed that motels and condominiums in the Basin
have 2,500,000 sq. ft. of improved areas. These areas include both lawn and
shrubbery plantings. The size of the area around each facility varied con-
siderably (coefficient of variation = 145 percent). Typically, condominiums
located near the lakeshcore had the larger improved areas. TFertilization

of these areas would approximate that of well-kept homeyards. The application
of materials at suggested rates (7) would require 2 to 3 tons of N and less
than 1 ton of P505.

Information concerning fertilizer use arocund the schools in the Basin was
obtained from personnel of the Tahoe School District. This is the only
district in the Basin with sizeable fertilizable areas. On these areas of
lawn, shrubbery, and flower plantings, 2 tons of N and less than 0.5 tons of
P20s5 from a mixture of sewage sludge and urea {(6-2-2) were used.

A variety of materials of widely different characteristics are available in
the area, and are assumed tc be used. Statistics on nonfarm fertilizer
consumption in Califernia (8) show an average analysis of 15-5-4 (15 percent
N, 5 percent P205, and 4 percent K20)° Of the nonfarm fertilizer materials
used, 90 percent was in the dry form and 10 percent liquid. A listing of

the characteristics of scme of these locally available fertilizers is in
Table 5. Eight of the fourteen fertilizers listed had a significant fraction

of their N in the "other” or "controlled release”™ form. The N/P205 ratios
1

varied over wide limits. Only four fertilizers contained more than 1 percent 8.



Table 5. Characteristics of Fertilizers Avallable in the Area

Brand Nitrogen Available Soluble Sulfur
Name Total Ammonic Nitric Other#* P205 KZO
4 Z Z 2

Dry Fertilizers

Ortho 16 9 7 - 16 16 —_
Orthe 22 12.3 9.7 - 4 4 6.2
Scotts 25 1.6 i5 8.4 5 3 -
Scotts 32 1.6 15 8.4 5 3 -
Bandini 6 5 — 1 10 4 7
Bandini 10 - - 10 6 4 5
Best 21 21 - - —_ - 24
Best 24 10 - 14 4 4 -
Liquid Fertilizers

Ortho 12 — 12 - 6 6 -
Ortho 5 .25 4,25 .5 2 2 -
Atlas 5 0.5 - 4.5 1 1 -
Best 5 0.5 - 4.5 1 1 -
Liquinox 10 — - 10 10 5 -
Chicon 16 - — 16 4 2 -

* Includes organic N, methylene urea and other water Insoluble N.
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Range Lands

Large areas of the Basin are utilized as livestock pastures, and although
fertilization of rangelands is practiced in many areas, no use of fertilizers
on these lands in California or Nevada (12a) was observed.

C. Nutrients Contained in Horse Manures

During the summer tourist season, horse riding along the many miles of trails
is a popular recreational activity in the Basin. Approximately 300 to 400
horses are in the Basin during this four-month summer period. Most of the
feed for these animals is imported and once digested releases its nutrients to
the environment in the form of manures. Salter and Schollenberger (13) and
Targanides and Stroshire (14) showed that an average horse produces around

44 1b./day of solid and liquid waste. The production from 300 horses for a
four-month period is 800 toms of manure. It is deposited in corral areas and
along trails. Some of that deposited in corral areas is treated as solid
waste and exported from the area.

The content of N and P,0c contained in horse manures has been estimated by
different workers (13, 12). Tabulated values for both N and P,0. are shown
in Table 6. Approximately 5 tons of N and 2 tons of P205 are contained in
the horse manures produced annually in the basin,

D. Estimates of Fertilizer Use Under Ultimate Development

The Tahoe Basin currently has an estimated permanent population of 30,000.

In addition to this permanent population, there are approximately 7,000
seasonally employed residents, 27,000 second~home occupants, 32,000 short—
term overnight visitors, and 25,000 day-visitors during the summer month peak
days. The existing population capacity at 100 percent occupancy of the
existing housing units, motel-hotel units, trailer and camp units is near
100,000. The projected population capacity (including the capacity of
existing units plus areas indicated for development all at 100 percent
occupancy) is estimated at 270,000 (2).

The demand for more recreational areas will increase as population growth
continues. In a report by Eckbo, et al. (2) future deficiencies of between 8
to 18 acres of general outdoor recreation facilities per 1,000 population are
projected. This amounts tco approximately 1,700 to 5,400 acres of additional
high to moderate use recreational lands needed to satisfy projected popula-
tion demands. A breakdown of activities needed and the projected facility
requirement over and above the existing supply is shown in Table 7.

A total of 189 golf holes are required to meet projected recreational require-
ments. To meet this demand, the development of an additional 63 golf holes
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Table 6.

Estimated Amounts of Nitrogen and Phosphorus Contained in

Horse Manures Producedin the Tahoe Basin (13)

Annual Manure

Percentage N & P,0g

Content of N and P,05

Production N P,05 N 7,05
Ton y 4 Lb.

630 dry 0.5 0.3 6,400 4,000

144 liquid 1.2 trace 3,500 -—

Total Production of N and P,0 9,900 4,000

275

Table 7. Recreation Facilities -- Existing and Projected Requirements*
Existing Facility Requirements
Activity Facilities Current Current Projected Projected Additional
or Area Need Deficiency Need Facilities Required
Playground
& Playfields 200 140 -60 265 +65
(acres
Golf 126 90 =36 189 +63
(holes)
Hiking and
Riding Trails 206 208 +2 455 +249
(miles)

* From Eckbo, et al. (2).
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will be necessary. Management of these courses at current recommended rates
(6, 6a) will require importation of an additional 11 to 18 tons N and 4 to 6
tons P205. The permanent population in the Basin will double to 60,000

causing a two-fold increase in the number of permanent-resident homes.
Fertilizer use on homeyard areas can be expected to double to 30 tons of N

and 10 toms of P20 . Projected motel and hotel room requirements will be
between 20,000 to §0,000 rooms (11) or between two to three times the present
number. To meet this demand, more motel and condominium units will be built
and between two to three times the present use of fertilizers on areas around
these facilities can be projected. Playground and play-field needs will
require the addition of 65 acres to the 200 acres now in the Basin. Since
approximately 10 percent of these areas are in grass, an increase of nearly

7 acres of grass area can be expected, If fertilizers are applied at current
rates, an increase in fertilizer use of less than 1 ton of N and 1/2 ton of

P50 would be expected. The increased demand for hiking and riding is expected
to double the miles of trails to 455, and the number of horses. Nitrogen and
PZO imported into the Basin in the form of feeds would also be expected to
dougle to nearly 10 tons N and 4 tons PZOS’

A summary of present and projected (with ultimate development) fertilizer use
is in Table 8.

Table 8. Current and projected use of fertilizer in the Tahoe Basin.

Area of use N - P,0¢
Current Projected Current Projected
Ton Ton

Golf Courses 23-35 34-53 8-12 12-18
Home yards 15 30 0-5 10
Motels & Condominiums 2-3 6 <1 2
Schools 2 3 <1 1
Stables & trails¥* 5 10 2 4

Total 45-60 83-103 16-21 29-35

* Applied as manure.
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IITI. FATE OF NUTRIENTS CONTAINED
IN FERTILIZING MATERTALS USED

Nutrient elements are made available in and added to soil from the sclution
(weathering) or mineralization of soil constituents and plant residues; from
the atmosphere either in precipitation or by direct absorption; by chemical
and biological fixation reactions; and from fertilizers. The fate of these
nutrients in the soil is dependent upon the amount added in relation to the
capacity of the soil and associated biota to utilize or otherwise retain
them. Many of the processes involved are complex. They are dependent upon
soil characteristics and are different for each nutrient element.

A. Characteristics of Tahoe Basin Secils

The steep topography, cool climate, and stony, coarse textured parent
materials found in the Basin have played important roles in the formation of
its soils. The soils formed are usually stony and coarse textured, low in
fertility, and of low moisture retaining capacity. Soil limitations are such
that alternatives in management are somewhat restricted.

In the recent Soil Conservation Service soil survey of the Tahoe Basin (15),
about 70 percent (146,290 acres) of the 207,430 acres in the Basin were mapped
as formal soil series. The remaining 61,140 acres consisted of miscellaneous
land types including beaches, marshes, rock and alluvial lands, and artifi-
cial fills. Some 98,540 acres of this land are characterized as being upland
or residual soils, while another 20,685 acres are occupied by soils formed o
glacial moraines and related sediments. The soils on the gently sloping
alluvial fan and terrace areas around the Lake are generally over 40 inches

in depth, well drained, loamy sands and sandy loams. Some are stony and
cobbly in nature. They have moderate to rapid profile permeabilities and
their relative erosion potential (16) rates are slight. All golf courses and
the majority of homes and motels are located on these soils. As the popula—
tion continues to grow, new developments are being located on the shallower,
more steeply sloping soils of higher erosion potentials. Thus, a knowledge
of each soil, its extent and properties, is important to the management of

the area, and to the protection and enhancement of its envirommental qualities.

Some important chemical and physical characteristics of the surface layers of
seven of the most important soil series of the Basin are in Table 9. These
series represent over one-half the land area of the Basin, with the Cagwin,
Meeks, and Tallac series alone comprising almost 45 percent of the land area
(17). The surface texture and A-horizon analysis were done on samples taken
at different times but in the same general areas as the 0- to 12-inch layer
samples. As would be expected, the soils displayed considerable variability
among the characteristics measured. Data not shown indicate these soils
have capacity to fix large amounts of soluble phosphates in spite of their
relatively high pH values and coarse textures. The subsurface soil layers
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Table 9. Some Chemical and Physical Characteristics of
Representatives Soils of the Basin

Soil A-horizon 0 to 12 inch layer *
Type pH pi clay silt 0.M.
% 4 %

Waca 6.3 6.0 7 31 3.8
Fugawee sl 6.4 6.3 12 30 3.6
Jorge sl 6.5 6.3 15 29 3.9
Meeks sl 5.9 5.0 12 12 1.9
Cagwin lcos 5.9 6.1 8 9 2.9
Elmira lcos 5.7 5.4 10 7 0.9
Tallac lcos 5.7 5.5 10 34 7.3

* Data for A-horizon pH, texture, silt and clay contents supplied
by Soil Morphology Laboratory, University of California, Davis.
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are generally low in organic content, coarse textured, and stony. As
indicated earlier, the profiles have low moisture retaining capacities
and thus present little resistance to leaching of nonabsorbed ions such
as nitrate.

The fertility levels of the O to 12 inch samples were determined in a green—
house experiment in which corn was grown in variously fertilized subsamples
of the soils. The significant results of this experiment are in Table 10.
Growth of crops on all of these soils was severely limited by low soil levels
of N, P, and S. These results are in agreement with, and support those of
Kay (7) and others (6, 18) who have concluded that fertilization with N, P
and S is essential to the establishment and survival of grass plantings in
the area.

B. Fate of Nitrogen Contained in Fertilizer Materials

Studies of the fate of N applied to agricultural crops have shown that, as an
average, 50 percent of the N is absorbed by the crop, 35 percent is lost

to the atmosphere by denitrification, and 15 percent appears in the

drainage waters as nitrate (19). The concentration of nitrate in the ground-
waters of a specific site will depend upon the amount of available N added

in relation to the capacity of the crop and soil microorganisms to utilize

or denitrify it. Some nitrate is present in the groundwaters of all but

the most anaerobic systems. The contribution of fertilizers to groundwater
nitrate can be estimated from considerations of the amounts supplied and

the rates of addition (20, 21).

Fertilizer N is only a small fraction of the total N made available during
any one season; however, since it may be applied at high rates, its contri~
bution to groundwater nitrate can be appreciable. Estimates of the total N
of the Basin's soils from average values for "Sierran pine forest soils" (22)
and from soil survey information (23) give 600,000 and 560,000 tons, respec—
tively. With an average annual turnover of 0.5 percent (a conservative rate)
approximately 2,600 tons of "available" N are released annually. This com-
pares with less than 100 tons supplied from fertilizers. The relative rates
of application of N from different sources are in Table 11, and data
illustrating the influence of rate of application on leaching losses are in
Table 12. Only fertilizer applied to golf-course greens would be expected to
contribute significantly to groundwaters (24). Studies of this aspect of
golf-course fertilization (25) have demonstrated small but significant losses
of N applied at suggested rates. The total contribution to a basin as large
as that under study is, however, a small percentage of the total.

Major losses of N can be expected from bare ground and during establishment
of grass cover. For the most part, these losses are of short duration and
pose no serious problem. Improperly managed horse stables and corrals may
also contribute significantly.
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Table 10. Greenhouse Fertility Assay of basin soils.

Percentage Yield Yield of
Soil Without * complete
Series N P S treatment

Z g/pot

Waca 28 24 46 4.9
Fugawee 15 21 8 8.6
Jorge 13 29 27 8.0
Meeks 34 18 26 4,7
Cagwin 14 27 18 4.3
Elmira 25 36 22 3.8
Tallac 30 27 24 4.6

* Yield without nutrient as percentage of that from
complete (N, P, K and S) treatment.

Table 11. Rates of supply of available forms of N to

basin solls.
Source Annual Supply
1b/A

Release from soil organic matter Tr. to 150
Biological N, fixation 2 to 60
Atmospheric addition 5
Fertilizers -

Home lawns 40 to 90

Golf course fairways 90 to 130

Golf course greens 200 to 600

Table 12, Leaching losses of added N from a
forest soil*

Source of Rate of Total N
added N addition leached
Lb/A % of added N
NHACl 80 )
225 22
450 28
200 41

* Adapted from Overrein (26).
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C. TFate of Other Nutrients Contained in Fertilizer Materials

0f the nutrients other than N supplied in fertilizers, P is generally con-
sidered (19) to have the highest pollution potential. By far the greatest
amount of the P transported from soils to streams and lakes is carried with
sediments, and not in solution. The concentration of phosphate in aqueous
solution equilibrated with soils is very low (generally less than 0.5 ppm)
and, whereas this concentration is important to the nutrition of plants, it
accounts for the transport of only very small quantities of the element (26,
27).

The soils of the Tahoe Basin are classed as "slight relative erosion poten-—
tial rates'"; thus, with reasonable management little phosphate should be
transported to the Lake.
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Iv. CONTROL METHODS

Although properly managed and used fertilizers contribute little to the
nutrients reaching Lake Tahoe, contrel of all sources of nutrients is
desirable. Procedures proposed for consideration include:

A) Restrictions on importation and use

B) Waste discharge requirements
C) Improved management practices

A, Restrictions on Importation and Use

Total restriction on importation and use would not only be difficult to
enforce, but also would preclude the benefits of fertilization to erosion
control, recreation, and beautification.

B. Waste Discharge Requirements

This restriction involves collecting and exporting high nutrient content
waters. Available experimental evidence suggests that high, soluble—
nutrient waters can be expected only in the absence of plant cover, and that
with proper management the condition is temporary. Suspended nutrients are
most economically removed using settling basins, or natural filters.

C. Improved Management Practices

Numerous instances of suboptimal management were observed within the Basin.
The impact of these effects can be minimized through:

1. Increasing the availability and dissemination of information on
establishment and management of landscape, recreational, and erosion
control plantings.

2. Encouraging distribution for sale of fertilizers specifically
adapted to the needs of the area:

a, Materials should supply nitrogen, phosphorus, and sulfur. It
is suggested that the ratio of these nutrients (N:PZOS:S)
approximate 1:1 to 3:0.2 to 1.0.

b. At least ome-half of the nitrogen should preferably be supplied
as a "slow-release” compound.
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C. Encourage homeowner use of low-analysis fertilizers and proper
irrigation practices.

Use of procedures that will minimize the effects of soil distur-
bance——fields, roadways, vegetation removal, etc.——on minerali-
zation of soil organic matter and release of nitrate to
groundwaters.

Develop techniques and regulations concerning control and
prevention of erosion and deposition of sediments in streams and
in the Lake. This will require evaluation of the role of sedi-
ments in the cycling of phosphorus and other elements contryibuting
to eutrophication.

Develop needed information on the fertility and chemical
characteristics of the soils of the area to aid in establishment
and maintenance of landscape and other plantings, and the more
effective use of soil and plant analyses as diagnostic aids. Qur
preliminary data show that many plantings as presently made are
required to tolerate unfavorable soil conditions in addition to
summer drought and winter cold. As a result, many fail. The
unfavorable soil conditiomns, if correctly identified, could be
readily corrected and the survival of many plantings improved.
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REVIEW ARTICLE
v

Local air pollutants threaten Lake Tahoe’s clarity

by Alan W. Gertler, Andrzej Bytnerowicz,
Thomas A. Cahill, Michael Arbaugh,

Steven Cliff, Julide Kahyaoglu-Koratin,

Leland Tarnay, Rocio Alonso and Witold Fraczek

Lake Tahoe is a high-altitude (6,227
feet) lake located in the northern
Sierra Nevada at the California-
Nevada border. During the second
half of the 20th century, the decline
in Lake Tahoe's water clarity and
degradation of the basin’s air quality
became major concerns. The loading
of gaseous and particulate nitrogen,
phosphorus and fine soil via direct
atmospheric deposition into the lake
has been implicated in its eutrophi-
cation. Previous estimates suggest
that atmospheric nitrogen deposition
contributes half of the total nitrogen
and a quarter of the total phosphorus
loading to the lake, but the sources
of the atmospheric pollutants remain
unclear. In order to better understand
the origins of atmospheric pollutants
contributing to the decline in Lake
Tahoe’s water clarity, we reviewed

a series of studies performed by
research groups from the U.S. Depart-
ment of Agriculture’s Forest Service,
UC Davis and the Desert Research In-
stitute. Overall, the studies found that
the pollutants most closely connected
to the decline in Lake Tahoe’s water
quality originated largely from within
the basin.

he Lake Tahoe Basin is a subalpine

ecosystem bordered by the Carson
Range to the east (Nevada) and the
Sierra Nevada crest to the west (Cali-
fornia). This 520-square-mile basin is
dominated by the 192-square-mile Lake
Tahoe, which is noted for its exception-
ally clear water. The lake’s water clarity
is largely due to nutrient-poor granitic
soils in the surrounding watershed and

In 2002, scientists constructed passive samplers throughout the Tahoe Basin, including, above, on
Diamond Peak, to measure 2-week average ozone and nitric acid concentrations. Air pollutants
are believed to be an important contributor to Lake Tahoe’s declining clarity.

a low watershed-to-lake ratio. Most of
the rest of the basin is a nitrogen-poor,
mixed-conifer forest ecosystem com-
prised mainly of fir (red [Abies magnifica]
and white [Abies concolor]), pine (lodge-
pole [Pinus contorta], sugar [Pinus lam-
bertiana] and Jeffrey [Pinus jeffreyi]), and
incense cedar (Calocedrus decurrens). His-
torically, these factors have minimized
the flow into the lake of nutrients and
sediment that could reduce water clarity.

Since 1967, Lake Tahoe’s water
quality has declined at an unexpect-
edly rapid rate, in part due to an-
thropogenic nutrient and sediment
loading (Goldman 1988; Jassby et al.
1999; Murphy and Knopp 2000). The
Lake Tahoe Watershed Assessment
provided a comprehensive summary
of scientific knowledge regarding the
factors contributing to the observed
water-quality decline and the steps that
can be taken to restore the Lake Tahoe
Basin ecosystem (Murphy and Knopp
2000). Contributing factors include ni-
trogen, phosphorus and sediment flow
into Lake Tahoe. Murphy and Knopp
(2000) reported that atmospheric depo-
sition (gases and particles that enter the
lake from the air) accounts for approxi-
mately 55% of the nitrogen and 27% of
the phosphorus load into the lake. No
estimate of atmospheric fine-soil par-
ticulate input was presented.

GLOSSARY

CALMET/CALPUFF air-quality mod-
eling system: A meteorological and
air-quality model adopted by the U.S.
Environmental Protection Agency as the
preferred model for assessing the long-
range transport of pollutants.

Eutrophication: The process by which
water bodies receive excess nutrients
that can stimulate plant and algal
growth.

Foliar injury: Injury of tree foliage
caused by exposure to elevated concen-
trations of ambient ozone.

Nested domains: Different-sized geo-
graphical areas used in the modeling
system. To reduce computational require-
ments, the outer domain is modeled us-
ing larger areas, while the resolution is
enhanced for the inner (nested) regions
of interest.

Prognostic numerical weather model
(MM5): The Fifth-Generation Penn State/
National Center for Atmospheric Re-
search meteorological model. This model
is used to predict wind speed and direc-
tion for use in other modeling systems
such as CALMET/CALPUFF.

Sensitivity studies: Tests performed

as part of the modeling validation pro-
cess to assess which variables can affect
model performance.

Synoptic: Reflecting overall patterns de-
rived from data obtained simultaneously
from points across a wide area.
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Jack Kelly Clark

Elevation (feet)

In addition to decreasing water
clarity, atmospheric pollutants can af-
fect forest health. It is well established
that ambient ozone has pronounced
adverse effects on forest health
in California’s mountain regions
(Arbaugh et al. 1998). According to
large-scale distribution maps of the
Sierra Nevada bioregion, the Lake
Tahoe Basin’s summer-season, 24-hour
ozone levels are 50 parts per billion
(ppb) to 60 ppb (Fraczek et al. 2003).
Such ozone levels may be phytotoxic
(toxic to vegetation) (Krupa et al.
1998) and can adversely affect tree
health (Arbaugh et al. 1998). Ozone
causes foliar injury (an indicator of
tree health) to ponderosa (Pinus pon-
derosa) and Jeffrey pines in the central
Sierra Nevada (Miller et al. 1996),

SOLA

@ Point sources
I Meteorological site
@ Chemical sites

including in the Lake Tahoe Basin
(Pedersen 1989).

While there has been extensive
water sampling in the basin, air sam-
pling has been limited to two sites
at the southern end of the basin, and
does not include data on phosphorus
or coarse soil particles. Atmospheric
deposition could be a major source
of nitrogen input and a significant
source of both phosphorus and sedi-
ment loading, but we lack knowledge
regarding the sources and concentra-
tions of these pollutants, the contribu-
tions from in-basin versus out-of-basin
sources, and the spatial distribution
and deposition of atmospheric pol-
lutants. In this paper, we review the
air-quality study results that address
these questions (NWRA 2004).

Using atmospheric models, the authors simulated how air pollutants from the Bay Area, above,
and Sacramento Valley are affecting the Tahoe Basin. While pollutants are transported from
outside the basin, the model suggests that they are significantly diluted by mixing on the
western slopes of Sierra Nevada.
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Fig. 1. (A) Area of California modeled, with
emissions sources (San Francisco Bay Area,
Sacramento and Lake Tahoe Basin). (B) In the
Lake Tahoe Basin, blue circles designate point
sources used to represent mobile and area
emission sources. Marked stations are South
Lake Tahoe (SOLA), Bliss State Park (BLIS),
Thunderbird Lodge (TBLG), Echo Summit
(ECHO), U.S. Coast Guard (USCG) and Barker
Pass (BARK).

Modeling nitrogen pollution

In terms of hemispheric atmospheric
circulations, California is within the
latitude range of prevailing westerly
winds. However, due to the relatively
weak effect of large-scale atmospheric
motions, wind patterns tend to be modi-
fied by the differential heating between
the land and ocean. Previous studies
have shown that in California’s typical
summer wind-flow pattern, marine air
penetrates through the Carquinez Strait
(in the northeastern San Francisco Bay)
and bifurcates around the Bay’s Delta
region into south and north branches
(Moore et al. 1987; Zaremba and Carroll
1999). This primary pattern is super-
imposed by thermally driven daytime
upslope and nighttime downslope
flows, making pollutant transport east-
ward possible from heavily polluted
regions, such as the San Francisco Bay
Area and the Sacramento Valley, up into
the Sierra Nevada.

In order to quantify how much
nitrogen these winds bring into the
Tahoe Basin, we used the advanced nu-
merical atmospheric models CALMET/
CALPUFF (Scire et al. 2000) and MM5
(Grell et al. 1995) to estimate the con-
tributions from both in-basin (such as
cars and trucks) and out-of-basin (such
as industry, cars and trucks) nitrogen
sources. The area we modeled was se-
lected to simulate how the basin’s air is
affected by pollutant transport from the
Sacramento Valley and San Francisco
Bay Area (fig. 1A).

In this study, the comprehensive
CALMET/CALPUFF air-quality model-
ing system was coupled with a numeri-
cal weather model called MM5. The
output from the MM5 model was cou-
pled with available surface and upper-
air meteorological measurements to
enhance the accuracy of the predictions
(fig. 1B). The CALMET/CALPUFF
simulation grid (fig. 1A) contained 250-
by-265 cells, each 1 square kilometer
(0.61 square miles), and the lower
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In order to accurately predict re-
gional versus local transport and disper-
sion, information on pollutant (such as
oxides of nitrogen) emission rates was
critical. This data was obtained from the
California Air Resources Board (CARB).
For the Lake Tahoe Basin, we prepared
hourly emission allocations based on
the CARB inventory. Hourly emissions
from Truckee, Reno, Interstate 395
and the west Sierra foothills were also
included. Sensitivity studies were per-
formed for the model calibration.

One of the key pollutants leading
to nitrogen deposition into the lake is
nitric acid (HNOg). This pollutant is
not directly emitted from sources but is
formed through a series of atmospheric
reactions involving oxides of nitrogen
and hydrocarbons. Estimates of nitric
acid formation and atmospheric concen-
trations were made using the previously
described modeling system.

Simulations were performed for
three selected cases coinciding with pre-
vious nitric acid measurements during
summer 2000 (Tarnay et al. 2001, 2005).
These cases were selected based on a
range of wind patterns and high/low
ambient nitric acid. Analysis of surface
observations (surface wind frequen-
cies and precipitation) and large-scale
synoptic pressure systems (500 millibar
wind and pressure maps) showed that
the selected cases were climatologically
representative of summer 2000. MM5
simulations were performed with two-
way nesting for a 4-day period. The
spin-up time was 12 hours. In order to
model regional-scale transport and re-
duce the effect of boundary conditions,
the CALMET /CALPUFF modeling sys-
tem was run for 72 hours for each of the
selected cases.

Fig. 2. Evolution of nitric acid (ug/m3) plume from California’s Central Valley, Aug. 28, 2000.
Concentrations (filled contours overlaid with topography) are averaged over 3-hour intervals.
The enclosed areas surrounding Sacramento and San Francisco regions designate the
emission sources. Note the effects of daytime upslope flows and nighttime downslope flows;
pollutant concentrations at elevated regions are low, implying minimal nitric acid transport

to the Lake Tahoe Basin.

Airborne plume mostly diluted

The overall simulation results indi-
cated that there is pollutant transport
from the Sacramento Valley and San
Francisco Bay Area to the Lake Tahoe
Basin (fig. 2). However, these pollut-
ant concentrations were significantly
diluted by mixing with other air masses
on the west slopes of the Sierra Nevada
at increasing elevations, as measured
in previous studies (Carroll and Dixon
2002; Dillon et al. 2002; Bytnerowicz et
al. 2002). While part of the emissions
plume can progress over the Sierra
Nevada to the Lake Tahoe Basin,
nitric-acid ambient air concentrations
are extremely low. In addition, later
in the day, downslope winds carry
the plume back to the Central Valley.
(Simulations of in-basin and out-
of-basin emissions were performed
separately in order to determine their
relative contributions; the impact from
in-basin emissions is not
shown in figure 2.)

On the other hand,
the results also showed
that the predicted nitric acid concentra-
tions due to local sources were in good
agreement with actual measurements.
For example, 90% of the predicted nitric
acid concentrations were due to local
sources, and the predicted concentra-
tions comprised 65% of the average
measured values (Tarnay et al. 2001)
in all the monitoring locations around
Lake Tahoe. Emissions of nitrogen ox-
ides from other nearby source regions

such as Reno and Interstate 80 were two
to three orders of magnitude smaller
than those from the San Francisco Bay
Area and the Sacramento Valley, and
had no significant predicted impact.

In short, while the results of this
work suggest that daytime pollutant
transport from upwind of the Lake
Tahoe Basin appears to be likely, the
amount of nitric acid transported from
outside of the basin is much less than
that from in-basin sources. In order to
better quantify these contributions, ad-
ditional study is needed on long-term
transport effects under different me-
teorological patterns that could lead to
increased transport to the basin.

Measuring ozone and nitric acid

On-ground monitoring of pollutant
concentrations helps to test the results of
the modeled air-pollution distribution
predictions. One of the great difficulties
in evaluating the transport of air pollut-

Out-of-basin sources are not the major
contributors to observed pollutant levels.

ants into the Tahoe basin is the lack of
monitoring data on the upwind western
slope of the Sierra Nevada. We were able
to address this problem by using inex-
pensive passive samplers, which allowed
us to deploy a monitoring network of
unprecedented scope throughout the
region. To provide measurements in
support of the meteorological modeling
described in the previous sections, we
studied two pollutants: ozone (O3), long
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Fig. 3. Seasonal average distribution of ambient ozone concentrations
(ppb)* in the Lake Tahoe Basin and its vicinity, summer 2002. Shaded
areas represent concentrations determined by interpolation of the
observed data by Kriging. Maximum levels of ozone were observed to
the west of the lake, but are not transported to the basin.

Top, UC Davis professor Tom Cahill sets up a
DRUM sampler at South Lake Tahoe. Bottom,
the sampler shows the pattern of very fine,
phosphorus-rich aerosols collected over

a 3-week period. The dark bands occur in
the morning and evening, when the wind
stagnates.

of the lake.

known to transport into the basin, and
nitric acid. We selected 32 monitoring
sites to assess air pollution levels in and
around the Lake Tahoe Basin. The sites
were selected in open terrain located on
a western aspect, with free air movement
from all directions. The passive samplers
measured 2-week average ozone and
nitric acid concentrations throughout the
2002 smog season.

Pollutant distribution maps were
developed with geostatistical software
(ARC/INFO Geostatistical Analyst;
ESRI, Redlands, Calif.) that uses values
measured at sample points at different
locations in the landscape and interpo-
lates them into a continuous surface.
Using a set of measurements in a given
study area, a spatial model of ozone
concentration was constructed (Fraczek
et al. 2003). Techniques were then used
to develop prediction maps of the air
pollutant’s distribution for each indi-
vidual 2-week sampling period and for
the entire season.

The highest 2-week and whole-
season average ozone and nitric
acid concentrations occurred in the
Sacramento foothills, west of the Lake
Tahoe Basin. Concentrations of these
pollutants were much lower near the
lake, especially near the west shore. It
appears that the mountain range west
of the Lake Tahoe Basin (Desolation
Wilderness) impedes the westerly flow
of low-layer polluted air masses from
the Sacramento metropolitan area and
the Sierra Nevada foothills, limiting
pollutant transport into the basin. East
of the lake, ozone and nitric acid levels
generally increased with distance from
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*Corrected from printed version.

Fig. 4. Seasonal average distribution of ambient nitric acid
concentrations (ug/m3) in the Lake Tahoe Basin and its vicinity,
summer 2002. Maximum levels were observed west of the
Sierra Nevada crest and lowest levels are near the west shore

the South Lake Tahoe community ur-
ban area.

Over the course of smog season,
there was a clear pattern in ozone
and nitric acid concentrations. For the
entire study area, the lowest levels oc-
curred during the first halves of July
and October, and the highest levels oc-
curred during the second half of August
(figs. 3 and 4). The highest levels of
ozone and nitric acid in August coincide
with traffic-related high emissions of ni-
trogen oxides and volatile organic com-
pounds (VOC), high temperatures and
solar radiation — all factors promoting
the generation of these photochemically
produced air pollutants.

Foliar injury rates low

To estimate the effects of elevated
ozone on forest health, we reviewed
the results of studies conducted by the
USDA Forest Service in the 1970s. USDA
scientists conducted studies to evaluate
foliar injury, applying the Ozone Injury
Index (OII) methodology, in the Sierra
Nevada and the San Bernardino moun-
tains (Miller et al. 1996). Foliar ozone
injury was evaluated at 25 preexisting
study sites in the Lake Tahoe Basin. The
sites were originally established in the
late 1970s to each contain 15 mature
ponderosa pine trees, but as few as six
of the original trees remained at some of
the locations by the time of the foliar-in-
jury evaluation study.

Overall, 23% of the trees evaluated
had foliar ozone injury but the aver-
age OII was only 17.3 (100 indicates the
highest level of injury), which shows
that the injury occurring to the pines in



Pariculate sizes (um)

TABLE 1. Sources and estimated tonnage of
phosphorus deposition in the Lake Tahoe Basin
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[ ] s
Transported Ton/year
250
f Asian dust 0.6-1.0
A (winter
( ) Sacramento Valley dust 0.12-0.6
200 Oregon forest fire smoke (2002) 0.2-0.3
m
E Local
é’ 150 Highway road dust (winter) 3.5-5.0
o Local soils (spring to fall) 1.5-4.5
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Fig. 5. Size-segregated phosphorus measurements (ug/m?) in 2002 for (A) winter (eight particulate
size fractions) and (B) summer (four fine particulate size fractions to better show smoke and
exhaust). The maximum levels of phosphorus were observed in the largest size fractions, winter
and summer, indicating that resuspended geological material was the major pollutant source.

this area is slight. In addition, no dis-
cernible spatial patterns of injury were
observed between sites, so the degree of
ozone injury likely depends on micro-
site growing conditions as well as on the
genotypic and phenotypic responses of
individual trees to ozone air pollution.

Measuring phosphorus

Phosphorus, which comes into the
lake from both sediment in stream run-
off and airborne particles, is presently
the limiting nutrient for algal growth,
a major factor in the lake’s clarity
decline; while all pollutants entering
Lake Tahoe must be reduced, nitrogen
pollution is currently so high that the
most effective strategy for the time
being is to reduce phosphorus. About
one-fourth of all phosphorus comes
from the air, as shown by the phospho-

rus data from deposition buckets on
and near the lake, but phosphorus is
rarely seen in the existing ambient air
samples. One possibility is that phos-
phorus occurs in particles larger than
those collected by current in-basin,
filter-based air samplers, which only
measure fine particles below 2.5 mi-
crons (um) in diameter.

In order to assess the airborne
sources of phosphorus, measurements
were performed in January and August
2002 using a particulate sampler
developed at UC Davis (Cahill and
Wakabayashi 1993). In contrast to filter-
based measurements, this sampler al-
lowed for measuring particles in eight
size-segregated fractions, ranging from
35 um (roughly a high-volume [Hi-
Vol] inlet to catch coarse soil aerosols)
to 0.09 um (to catch diesel and smok-

Finally, this sampler resulted in an
order of magnitude better detection

of phosphorus than the filters (Bench
et al. 2002) because elemental analysis
for phosphorus was performed by syn-
chrotron X-ray fluorescence (S-XRF).
Samples were collected at the South
Lake Tahoe site for 12 weeks in winter
and 6 weeks in summer to allow analy-
sis of synoptic weather patterns.

Most of the phosphorus observed
during the winter and summer occurred
between the 2.5 and 35 ym size frac-
tions, consistent with the sources being
resuspended road dust and soil (fig. 5).
Previous studies in the area used sam-
plers with a 2.5-um upper cut-point and
would have missed this contribution.
This implies that most of the phospho-
rus comes from in-basin sources, since
particles in this range tend to deposit
rapidly and so are rarely transported
far in the atmosphere. We can estimate
the phosphorus deposition from a range
of sources based on these particulate
sampler data and earlier data using
the Lake Tahoe Airshed Model (LTAM)
(Cahill and Cliff 2000) and estimated de-
position velocities (Seinfeld and Pandis
1998) (table 1).

While these results are highly uncer-
tain, especially because they are based
on a single, near-roadway South Lake
Tahoe site, together they imply that the
majority of phosphorus deposition in
the Tahoe Basin can be attributed to lo-
cal sources from roadway sanding and
salting in winter, local soils in summer
and vehicle exhaust. Furthermore, some
of the out-of-basin sources may not oc-
cur routinely. The 2002 Oregon forest
fires were unusually severe, and showed
a high phosphorus content not seen in
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less violent fires such as prescribed burns
(Turn et al. 1997). The Asian dust values
in particular are uncertain and highly
variable from year to year, depending
on the strength of the dust storms in
Asia and the location of the Pacific high-
pressure system and winds, which can
push Asian dust north into Canada and
cut off transport to California, as hap-
pened in 2003. It should also be noted
that these measurements represent total
phosphorus, as opposed to bioavailable
phosphorus, and thus have uncertain
impacts on algal growth.

Sources of Tahoe air pollutants

Taken together, our review of sev-
eral important studies indicates that
out-of-basin sources are not the major
contributors to the observed levels of
air pollutants in the Lake Tahoe Basin.
For example, the advanced numerical
modeling approach found that 90% of
predicted nitric acid in the basin came
from precursors emitted within the ba-
sin. The models attributed the minimal
contribution from out-of-basin sources
to a number of factors, including dilu-
tion, dispersion and minimal pollutant
flow into the basin. Similar conclusions
were reached by the studies investigat-
ing forest health and the sources of
phosphorus in the Lake Tahoe Basin.
Based on these findings, the most ef-
fective strategy to reduce the impact of
atmospheric deposition on the lake’s
clarity and in-basin forest health would
be to control local pollutant emissions.
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Out-of-basin pollutants are not the major contributors to air pollution in the Tahoe Basin; rather,
local sources are having the most significant effects on air and water quality, and forest health.

Above, Highway 50 in South Lake Tahoe.

M. Arbaugh, R. Alonso and W. Fraczek thank Trent
Proctor (USDA Forest Service) and Brent Takomoto
(California Air Resources Board) for their assistance
and support.

References

Arbaugh MJ, Miller PR, Carroll J, et al. 1998. Rela-
tionship of ambient ozone with injury to pines in the
Sierra Nevada and San Bernardino mountains of Califor-
nia, USA. Environ Pollution 101:291-301.

Bench, G, Grant PG, Ueda D, et al. 2002. The use of
STIM and PESA to respectively measure profiles of aero-
sol mass and hydrogen content across Mylar rotating
drum impactor samples. Aerosol Sci Technol 36:642-51.

Bytnerowicz A, Tausz M, Alonso R, et al. 2002.
Summer-time distribution of air pollutants in Sequoia
National Park, California. Environ Pollution 118(2):187-
203.

Cahill TA, Cliff SS. 2000. Air quality (ch 3). In: Mur-
phy and Knopp (eds.). The Lake Tahoe Watershed Asses-
sment Report. USFS Pacific Southwest Research Station.
Gen Tech Rep No. PSW-GTR-175. 736 p.

Cahill TA, Wakabayashi P. 1993. Compositional
analysis of size-segregated aerosol samples. In: Newman
L (ed.). Measurement Challenges in Atmospheric Chem-
istry. ACS Pubs. p 211-28.

Carroll JJ, Dixon AJ. 2002. Regional scale trans-
port over complex terrain, a case study: Tracing the
Sacramento plume in the Sierra Nevada of California.
Atmospher Environ 36(23):3745-58.

Dillon MB, Lamanna MS, Schade GW, Goldstein
AH. 2002. Chemical evolution of the Sacramento
urban plume: Transport and oxidation. J Geophys Res
107(D5):1-15.

Fraczek W, Bytnerowicz A, Arbaugh MJ. 2003. Use
of geostatistics to estimate surface ozone patterns. In:
Bytnerowicz A, Arbaugh MJ, Alonso R (eds.). Ozone Air
Pollution in the Sierra Nevada: Distribution and Effects
on Forests, Developments in Environmental Science 2.
Amsterdam: Elsevier. p 215-47.

Goldman CR. 1988. Primary productivity, nutrients,
and transparency during the early onset of eutrophica-
tion in ultra oligotrophic Lake Tahoe, California-Nevada.
Limnol Oceanogr 33:1321-33.

Grell GA, Dudhia J, Stauffer DR. 1995. A Descrip-
tion of the Fifth Generation Penn State/NCAR Mesoscale
Model (MMS5). National Center for Atmospheric Re-
search Tech Note, Boulder, CO. 122 p.

Jassby AD, Goldman CR, Reuter JE, Richards RC.
1999. Origins and scale dependence of temporal vari-

58 CALIFORNIA AGRICULTURE ¢ VOLUME 60, NUMBER 2

ability in the transparency of Lake Tahoe, California-
Nevada. Limnol Oceanogr 44:282-94.

Krupa SV, Tonneijck AEG, Manning WJ. 1998.
Ozone. In: Flagler RB (ed.). Recognition of Air Pollution
Injury to Vegetation. Air and Waste Management Assoc.
p (2)1-28.

Miller PR, Guthrey R, Schilling S, Carroll J. 1996.
Ozone injury responses of ponderosa and Jeffrey pine in
the Sierra Nevada and San Bernardino mountains in Cali-
fornia. In: Bytnerowicz A, Arbaugh MJ, Schilling S (eds.).
Proc Int Symp Air Pollution and Climate Change Effects
on Forest Ecosystems (Feb. 5-9, 1996, Riverside, CA).
USDA Forest Service, Gen Tech Rep No. PSW-GTR-166.

Moore GE, Daly C, Liu MK, Huang SJ. 1987. Mod-
eling of mountain-valley wind fields in the southern
San Joaquin Valley, California. J Climate Appl Meteorol
26:1230-42.

Murphy DD, Knopp CM (eds.). 2000. Lake Tahoe
Watershed Assessment: Vol. I. USDA Forest Service, Pa-
cific Southwest Research Station, Albany, CA. Gen Tech
Rep No PSW-GTR-175. 736 p.

[NWRA] Nevada Water Resources Association. 2004.
2nd Biennial Conference on Tahoe Environmental Con-
cerns, Crystal Bay, NV-CA, May 17-19.

Pedersen BS. 1989. Ozone injury to Jeffrey and
ponderosa pines surrounding Lake Tahoe, California and
Nevada. In: Olson RK, Lefohn AS (eds.). Effects of Air
Pollution on Western Forests. Air Waste Management
Assoc, Transactions Ser No 16, p 279-92.

Scire JS, Strimaitis DJ, Yamartino, RJ. 2000. A User’s
Guide for the CALPUFF Dispersion Model. Concord, MA:
Earth Tech. 521 p.

Seinfeld JH, Pandis SN. 1998. Atmospheric Chemis-
try and Physics. Wiley Interscience. 1,326 p.

Tarnay L, Gertler AW, Blank RR, Taylor GE. 2001.
Preliminary measurements of summer nitric acid and
ammonia concentration in the Lake Tahoe basin airshed:
Implications for dry deposition of atmospheric nitrogen.
Environ Pollution 113:145-53.

Tarnay L, Johnson D, Gertler AW. 2005. Modeled
inputs of atmospheric nitrogen to the Lake Tahoe Basin
due to gaseous pollutant deposition. Journal Nevada
Water Resources Assoc 2:41-57.

Turn SQ, Jenkins BM, Chow JC, et al. 1997. El-
emental characterization of particulate matter emitted
from biomass burning: Wind tunnel derived source
profiles for herbaceous and wood fuels. J Geophysic Res
102:3683-99.

Zaremba LL, Carroll JJ. 1999. Summer wind flow
regimes over the Sacramento Valley. J Appl Meteorol
38:1463-73.



DISTRICT INFLOW AND INFILTRATION - STORM EVENT JANUARY 1997

prepared for
Craig Woods - General Manager & Chief Engineer

prepared by
Richard Svetich

February 1996



PURPOSE -

This exercise was designed to determine the quantity and
percentage of District I&I for the storm event that started
December 31, 1996 and continued several days.

PROCEDURE -

This high flow event occured when flooding led to high I&T
concurrent with an annual maximum loading period. This was the
Christmas/New Years holidays. As a result of numerous road
closures around Lake Tahoe, the majority of tourists visiting the
Tahoe basin, had to leave through Truckee. These conditions
resulted in even higher flows. This combination required a
rather unique approach to I&I.

The first assumption was the number of tourists in the
Truckee/Tahoe area during the week of the New Years 1996 was the
same as the previous week for the Christmas holiday. Wastewater
flows were projected with credits for unusual conditions. These
credits were derived by comparing 1996 flows for the 23 and 24 of
December, which was a relatively dry period, with those of 1997
for each District. These credits were then combined with 1996
flow to form a baseline. This baseline was then compared to the
measured and computed flows to derive I&I. :

This procedure would not be viable for typical or long term

comparisons. In such instances projections would take into
account growth rates and previous histories.

FINDINGS -

The I&I as a flow and percent of total flow for December 31
through January 6 was as follows.

District - Flow (mgd) % Total Flow
NTPUD 1.72 59.6
TCPUD 1.76 47.3
ASCWD 0.062 41.9
SVCWD 0.386 ) 43.3
TSD 3.28 64.7

[w]

TTSA - 7.02 55.



IN CONCLUSION -

The quantity of I&I that occurred during this storm is
comparable to that of 1986.
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NTPUD

r Date 1995-6 1996-7 Corrected Delta 1&1-% Q Correction

Total Min Total J Min Total Min TotalJ Min Total Min
12/23 1.090 1.135 0.045 0.031
12/24 1.177 1.194 0.017 0.031
12/25 1.135 1.194 0.028 2.35% 0.031
12/26 1.194 1.392 0.167 12.00% 0.031
12/27 1.278 1.517 0.208 13.71% 0.031
12/28 1.302 1.587 0.254 16.01% 0.031
12/29 1.406 2.049 0.612 29.87% 0.031
12/30 1.514 2.115 0.570 26.95% 0.031
12/31 1.552 2.535 0.952 37.55% 0.031
1/1 1.323 4.111 2.757 67.06% 0.031
12 1.042 3.729 2.656 71.23% 0.031
1/3 1.000 2.948 1.917 65.03% 0.031
1/4 0.934 2.545 1.580 62.08% 0.031
1/5 0.920 2.292 1.341 5851% 0.031
1/6 0.868 2.024 1.125 55.58% 0.031
1/7 0.84 1.924 1.053 54.73% 0.031
1/8 0.844 1.809 0.934 51.63% 0.031

Statistics 12/26/96 - 1/6/97
Average 1.194 2.404 1.178 42.96% 0.031
Maximum 1.552 4.111 2.757 71.23% 0.031
Minimum 0.868 1.392 0.167 12.00% 0.031
Total 14.333 28.844 14.139




TCPUD

Date 1995-6 1996-7 Corrected Delta I&1-% Q Correction
Total Min Total Min Total Min Total [ Min Total Min
12/23 1.495 1.731 0.236 0.371
12/24 1.541 1.834 0.293 0.371
12/25 1.485 1.834 0.000 0.00% - 0.371
1226 1.581 2.157 0.205 9.50% 0.371
12727 1.673 2.398 0.354 14.76% 0.371
12/28 1.804 2.385 0.210 8.81% 0.371
12/29 1.939 2.958 0.648 21.91% 0.371
12/30 2.148 3.357 0.838 24.96% 0.371
12/31 2.216 3.648 1.061 29.08% 0.371
1 1.839 5.354 3.144 58.72% 0.371
12 1.451 4.989 3.167 63.48% 0.371
1/3 1.303 3.918 2.244 57.27% 0.371
1/4 1.284 3.018 1.363 45.16% 0.371
15 1.270 2.694 1.053 39.09% 0.371
1/6 1.153 2.462 0.938 38.10% 0.371
1/7 1.118 2.294 0.805 35.09% 0.371
1/8 1114 2.24 0.755 33.71% 0.371
Statistics 12/26/96 - 1/6/87

Average 1.638 3.278 1.269 34.24% 0.371
Maximum  2.216 5.354 3.167 63.48% 0.371
Minimum 1.153 2.157 0.205 8.81% 0.371
Total 19.661 39.338 15.225 ’




RAMPARTS

Date 1995-6 1996-7 Corrected Delta I&1- % Q Correction
Total Min Total Min Total Min Total l Min Total Min
12/23 2.585 1.080 2.866 1.525 0.281 0.445 0.402
12/24 2.718 1.060 3.028 1.631 0.310 0.571 0.402
12/25 2.620 0.970 3.028 1.590 0.006 0.218 0.20% 7.20% 0.402
12/26 2.775 1.070 3.549 2.160 0.372 0.628 10.48% 17.70% 0402
12/27 2.951 1.030 3.915 2.080 0.562 0.648 14.36% 16.55% 0402
12/28 3.106 1.090 3.972 1.993 0.464 0.501 11.68% 12.61% 0.402
12/29 3.345 1.350 5.007 2.631 1.260 0.879 25.16% 17.56% 0402
12/30 3.662 1.590 5472 3.793 1.408 1.801 25.73% 32.91% 0.402
12/31 3.768 1.630 6.183 3.950 2.013 1918 32.56% 31.02% 0.402
/1 3.162 1.010 9.465 6.346 5.901 4.934 62.35% 52.13% 0.402
172 2.493 0.880 8.718 6.553 5.823 5.271 66.79% 60.46% 0402
13 2.303 0.990 6.866 4.812 4.161 3.420 60.60% 49.81% 0402
1/4 2218 0.730 5.563 4.250 2.943 3.118 52.90% 56.05% 0402
15 2.190 0.870 4.986 3.821 2.394 2.549 48.01% 51.12% 0.402
1/6 2.021 0.730 4.486 3.406 2.063 2.274 45.99% 50.69% 0.402
7 1.958 0.79 4.218 3.196 1.858 2.004 44.05% 47.51% 0.402
1/8 1.958 0.76 4.049 2,896 1.689 1734 41.71% 42.83% 0.402
Statistics 12/26/56 - 1/6/57

Average 2.833 5.682 2.447 0.381 0.374 0.402
Maximum 3.768 9.465 5.901 0.668 0.605 0.402
Minimum 2.021 3.549 0.372 0.105 0.126 0.402

Total 33.994 68.182 29.364 4.566 4.486 0




ASCWD

[ Date 1995-6 1996-7 Corrected Delta 1&1- % Q Correction
Total Min Total Min Total Min Total [ Min Total J Min
12/23 0.070 0.019 0.077 0.021 0.007 0.002 0.006
12/24 0.080 0.018 0.088 0.024 0.008 0.006 0.006
12/25 0.080 0.016 0.106 0.035 0.020 0.013 18.87% 12.26% 0.006
12/26 0.080 0.005 0.121 0.048 0.035 0.037 2893% 30.58% 0.006
12/27 0.100 0.019 0.135 0.04 0.029 0.015 21.48% 11.11% 0.006
12/28 0.120 0.018 0.135 0.034 0.009 0.010 6.67% 741% 0.006
12/29 0.140 0.029 0.176 0.089 0.030 0.054 17.05% 30.68% 0.006
12/30 0.150 0.049 0.216 0.064 0.060 0.009 27.78% 4.17% 0.006
12/31 0.150 0.049 0.214 0.062 0.058 0.007 27.10% 3.27% 0.006
11 0.111 0.03 0.178 0.039 0.061 0.003 34.27% 1.69% 0.006
12 0.081 0.024 0.185 0.102 0.098 0.072 52.97% 38.92% 0.006
13 0.064 0.021 0.144 0.06 0.074 0.033 51.39% 22.92% 0.006
14 0.060 0.02 0.117 0.05 0.051 0.024 43.59% 20.51% 0.006
/5 0.056 0.017 0.106 0.043 0.044 0.020 41.51% 18.87% 0.006
1/6 0.044 0.018 0.087 0.037 0.037 0.013 42.53% 14.94% 0.006
17 0.047 0.018 0.081 0.037 0.028 0.013 34.57% 16.05% 0.006
1/8 0.045 0.019 0.076 0.033 0.025 0.008 32.85% 10.53% 0.006
Statistics 12/26/96 - 1/6/97
Average 0.096 0.025 0.151 0.056 0.049 0.025 32.94% 17.09% 0.006
Maximum 0.150 0.049 0.216 0.102 0.098 0.072 52.97% 38.92% 0.006
Minimum 0.044 0.005 0.087 0.034 0.009 0.003 6.67% 1.69% 0.006
Total 0.038 0.013 0.042 0.021 0.024 0.021 14.06% 12.14% 0




SVCWD

Date 1995-6 1996-7 Corrected Delta I&1-% Q Correction
Total | Min Total Min Total Min Total | Min Total Min
12/23 0.310 0.107 0412 0.141 0.102 0.034 0.078
12/24 0.330 0.094 0.431 0.168 0.101 0.074 0.078
12/25 0.330 0.094 0.414 0.147 0.084 0.053 20.29% 36.05% 0.078
12/26 0.350 0.096 0.488 0.264 0.060 0.090 12.30% 34.09% 0.078
1227 0.400 0.109 0.628 0.290 0.150 0.103 23.89% 35.52% 0.078
12/28 0.440 0.123 0.643 0.284 0.125 0.083 19.44% 29.23% 0.078
12/29 0470 0.135 0.643 0.284 0.095 0.071 14.77% 25.00% 0.078
12/30 0.490 0.139 0.890 0.542 0.322 0.325 36.18% 59.96% 0.078
12/31 0.490 0.14 1.006 0.805 0.438 0.583 43.54% 72.42% 0.078
1/1 0.361 0.109 1.900 1.461 76.89% 0.078
12 0.274 0.092 1.500 0.216 1.148 0.046 76.53% 21.30% 0.078
1/3 0274 0.092 0.549 0.394 0.197 0.224 35.88% 56.85% 0.078
14 0.267 0.084 0.492 0.310 0.147 0.148 29.88% 47.74% 0.078
1/5 0.275 0.096 0428 0275 0.075 0.101 17.52% 36.73% 0.078
1/6 0.218 0.098 0.383 0.248 0.087 0.072 22.72% 29.03% 0.078
1/7 0.199 0.077 0.353 0.211 0.076 0.056 21.53% 26.54% 0.078
1/8 0.206 0.084 0.354 0.222 0.070 0.060 19.77% 27.03% 0.078
Statistics 12/26/96 - 1/6/97
Average 0.359 0.110 0.796 0.356 0.359 0.168 34.13% 40.72% 0.078
Maximum  0.490 0.144 1.900 0.805 1.461 0.583 76.89% 72.42% 0.078
Minimum 0.218 0.084 0.383 0.216 0.060 0.046 12.30% 21.30% 0.078
Total 4.309 1317 9.550 3.912 4.305 1.846




TSD 1&1 COMPUTED @ T-TSA

Date 1995-6 1996-7 Corrected Delta I&61- % Q Correction
Total Min Total Min Total Min Total l Min Total Min
12/23 1.520 1.737 0.217 0.262
12/24 1.600 1.906 0.306 0.262
12725 1.530 1.968 0.438 22.26% 0.262
12/26 1.820 2.216 0.396 17.87% 0.262
12/27 2.000 3.371 1.371 40.67% 0.262
12/28 2.020 2.815 0.795 28.24% 0.262
12129 2.160 3.491 1.331 38.13% 0.262
12/30 2.290 4.255 1.965 46.18% 0.262
12/31 2.260 5.627 3.367 59.84% 0.262
11 2.050 8.357 6.307 7547 % 0.262
12 1.740 7.997 6.257 78.24% 0.262
1/3 1.480 4.441 2.961 66.67% 0.262
14 1.380 3.668 2.288 62.38% 0.262
15 1.280 2.95 1670 56.61% 0.262
1/6 1.280 2.794 1514 54.19% 0.262
7 1.210 2.458 1.248 50.77% 0.262
1/8 1.110 2.491 1.381 55.44% 0.262
Statistics 12/26/96 - 1/6/57

Average 1.813 4.332 2519 52.04% 0.262
Maximum 2.290 8.357 6.307 78.24% 0.262
Minimum 1.280 2.216 0.396 17.87% 0.262

Total 21.760 51.982 30.222




T-TSA SEWER FLOWS

[ Date 1995-6 1996-7 Corrected Delta 1&1-% Q Correction
Total Min Total Min Total Min Total I Min Total Min

12/23 4.490 2.800 5.092 3.583 0.602 0.783 0.744

12/24 4.730 2.760 5.453 3.627 0.723 0.867 0.744

12/25 4.560 2.770 5.516 3.900 0.212 0.386 3.85% 7.00% 0.744

12/26 5.030 3.050 6.374 4.960 0.600 1.166 9.42% 18.30% 0.744

12/27 5450 3.300 7.421 4.880 1.227 0.836 16.54% 11.27% 0.744

12/28 5.680 3.250 7.565 4.713 1.141 0.719 15.09% 9.51% 0.744

1229 6.100 3.450 9.317 4.700 2473 0.506 26.55% 5.43% 0.744

12/30 6.590 3.490 10.833 7.381 3.499 3.147 32.30% 29.05% 0.744

12/31 6.670 3.750 13.030 9.500 5.616 5.006 43.10% 3842% 0.744

1 5.680 3.010 19.900 15.500 13.476 11.746 67.72% 59.03% 0.744

12 4.590 2.570 18.400 12.700 13.066 9.386 71.01% 51.01% 0.744

13 4.120 2.730 12.000 9.000 7.136 5.526 59.47% 46.05% 0.744

1/4 3.930 2.610 9.840 7.450 5.166 4.096 52.50% 41.63% 0.744

/5 3.800 2.490 8.470 6.650 3.926 3.416 46.35% 40.33% 0.744

1/6 3.560 2.340 7.750 6.300 3.446 3.216 44.47% 41.50% 0.744

1/7 3.410 2.460 7.110 5.700 2.956 2.496 41.58% 35.11% 0.744

1/8 3.320 2.410 6.970 5.700 2.906 2.546 41.70% 36.53% 0.744

Statistics 12/26/96 - 1/6/97

Average 5.100 3.003 10.908 7.811 5.065 4.064 40.38% 32.63% 0.744

Maximum 6.670 3.750 19.900 15.500 13.476 11.746 71.01% 59.03% 0.744

Minimum 3.560 2.340 6.374 4.700 0.600 0.506 9.42% 5.43% 0.744
Total 61.200 36.040 130.900 93.734 60.775 48.769
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December 2010 T-TSA and NTPUD Dollar Hill Flows
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December 2011 T-TSA and NTPUD Dollar Hill Flows
(source: T-TSA Flow Meters)
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December 2010 Precipitation, NTPUD Dollar Hill Flows and Total N
(source: NOAA, T-TSA Flow Meter, T-TSA Laboratory)
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Comparison of Precipitation Between December 2010 and
December 1996 - January 1997 Storm Events

(source: NOAA)
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Portion of Total Overflows, percent

Overflow Size Distribution

2007 - 2011
(source: CIWQS data file)
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5/24/2012 5:09:31 PM

20041

2089.9

2085.7

2081.6

20774

2073.3

(12/1/2011 1:41:08 AM) 2073.5 gal
(12/14/2011 2:42:12 PM) 2083.4 gal

ActiveFactory iTrend

NATIONAL MAIN TRAIN 2 FLOW TOTAL (INSQLSERVER:NM_WTP_TRAIN2_FLW_TTL)

Cyclic
9.9 gal (13 days, 13:01:04)

Vi
,f/
rd
j
|21'1.f2[}11 12/16/2011 1213172011
12:01:23 AM 12:00:23 PM 11:58:23 PM

[18]



5/24/2012 5:03:52 PM

(12/1/2010 1:41:08 AM) 1765.3 gal
12/22/2010 12:13:40 PM) 1782.4 gal

ActiveFactory iTrend

NATIONAL MAIN TRAIN 1 FLOW TOTAL (INSQLSERVER:NM_WTP_TRAIN1_FLW_TTL)

Cyclic
17.1 gal (21 days, 10:32:32)
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1
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1761.3 /
1
rf/
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1746.9
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5/24/2012 5:07:34 PM

ActiveFactory iTrend
NATIONAL MAIN TRAIN 1 FLOW TOTAL (INSQLSERVER:NM_WTP_TRAIN1_FLW_TTL) Cyclic
(1271412011 2:42:12 PM) 1972.7 gal
(12/31/2011 11:09:31 PM) 1986.4 gal 13.7 gal (17 days, 08:27:18
1986.8 [18]
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[19]
1969.5 3
1963.7
.0
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5/24/2012 5:04:06 PM

(1272212010 1:03:33 PM) 1893.4 gal
(12/31/2010 11:09:31 PM) 1902.8 gal

ActiveFactory iTrend

NATIONAL MAIN TRAIN 2 FLOW TOTAL (INSQLSERVER:NM_WTP_TRAIN2_FLW_TTL)
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9.4 gal (9 days, 10:05:58
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5/24/2012 5:25:21 PM

ON

OFF

(12/1/2011 10:12:37 AM) OFF
(11/30/2011 11:54:56 PM) OFF

ActiveFactory iTrend

PARK WELL PUMP 1 RUN (INSQLSERVER:PKW_PMP1_RUN)

Cyclic
0.0 (0 days, 10:17:41)

11/29/2011
8:01:23 AM

11/30/2011
8:00:53 PM

12/2/2011
8:00:23 AM
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TAHOE - TRUCKEE SANITATION AGENCY TRUCKEE CALIFORNIA
MARCIA A. BEALS - GENERAL MANAGER

SUMMARY OF OPERATIONS
PLANT INFLUENT FLOWS

December 2010

DATE DAILY FLOW 7 DAY AVG. FLOW PEAK FLOW DALY SEWER FLOW
MGD MLD MGD MLD MGD LS MGD MLD
121112610 114 11.89 3.69 13.96 3.852 168.75 114 11.89
121272010 349 13.23 3.60 13.64 4.439 194.46 349 13.23
1232010 1.60 13.64 3.52 1331 4,499 197.09 3.60 13.64
121412010 3.95 497 347 13.14 5.247 229.89 3.95 14.97
127512010 4.12 15.59 1.52 13.32 5.341 234.01 412 15.59
120672010 412 15.59 3.65 13.82 $.375 235.49 412 15.59
121772010 179 14.34 3.75 14.18 5.526 242,08 3.79 14.34
12/8/2010 3.90 14,76 3.85 14.59 4.849 212.42 390 14.76
12001030 433 16.39 397 15.04 5.552 243.24 433 16.39
1271072010 458 17.32 4,11 15.56 5.891 253.07 4.58 17.32
12/1172010 3.79 18.13 423 16.02 6.169 270.26 479 18.13
121272010 453 17.16 429 16.24 6.034 264.33 453 17.16
12/13720t0 4.01 15.18 428 16.18 4954 217.03 an 15.18
1211412010 4.84 1832 443 16.75 £.263 27438 484 1832
12/152010 461 17.44 4.53 12.13 5.454 238.95 4.61 17.44
121672010 44| 16.68 4,54 17.18 5778 253.12 441 16.68
12/17/2010 462 17.48 4.54 17.20 6.233 273.06 4.62 1748
12/1812010 6.03 22.83 472 17.87 7.410 324,65 6.03 2283
121972010 6.96 26.33 5.07 19.18 9.573 41940 $.96 26.33
1272072010 6.19 24,18 5.41 20,47 8,245 361.23 65.39 24.18
127212010 6.3 .20 559 2146 8.267 §g§§2 g ;g iii‘s’
12222010° 6.25 23.65 5.83 22.08 8.764 X . ;
12232010 6.0 075 6.05 2292 7.587 33239 6.01 22375
1272412010 6.00 2.72 6.25 23.67 7.598 33289 6.00 72.72
1212512010 5.94 22.49 6.24 23.62 7,77} 340.47 5.94 22.49
122612010 6.21 21.52 6.13 222 7.959 34871 6.21 23.52
122112010 6.64 25.15 6.17 23.35 8.64¢ 378.86 6.64 25.15
12/2872010 107 26.15 6.30 23.86 9.065 397.15 7.07 26.75
1272972016 7.04 26.63 6.42 24.29 9.111 399.13 7.04 zs.:g
12/30/2010 1.1¢ 26.88 6.57 24.88 §.859 388.11 7.10 26.
12312010 7.33 2775 6.76 25.60 9.607 42039 733 27.75
SUMMARY
AVG 5.22 19.77 439 18.50 6.772 296.67 5.22 19.77
MAX 1.33 21.75 6.76 25.60 9.607 42089 7.33 27.75
MIN 114 11.89 347 13.14 3.852 168.75 314 11.89
LIMITS
AVG

MAX 96 363




TAHOE - TRUCKEE SANITATION AGENCY TRUCKEE CALIFORNIA
MARCIA A. BEALS - GENERAL MANAGER

SUMMARY OF OPERATIONS

PLANT INFLUENT FLOWS
December 2011

MAX

DATE DAILY FLOW
7DAY AVG. FLOW PEAK FLOW DAILY SEWER FLOW
MGD MLD
1212011 3.12 11.81 h;?:? e MoD L/S MGD MLD
122272011 i 11.79 336 B 228 185.23 3R 11.81
12532011 323 1221 321 {%.z; 4.059 177.81 3.11 11.79
120472011 323 12.24 314 11.89 ot 15759 323 1221
12/52011 3.08 11,67 3 11.83 oo e 323 12.24
127672011 3.00 1137 in 178 o 17883 308 1167
127712011 3.16 11.97 3.14 11.87 1044 17738 e 1137
12/872011 3.14 11.89 314 1188 o - . 1.97
12/912011 3.14 11.89 ) ‘ ' 168.09 3.14 11.89
oo 3 1189 3 118y 3837 168.09 314 11.89
1271172011 338 1241 315 11.63 1707 355 ¥ 229
1201212011 3.04 1150 3.15 11.90 408 B 3.28 1241
12/1312011 123 1222 318 ' o e 30 11.50
121472011 331 12.54 ' o 1266 186.88 323 12.22
12/1572011 3.06 I, 119 o Yoo e 32l 12.54
12716011 305 TR 37 o Ll s 308 1138
. ) : : 3916 171.55 3:05 1156
127172011 337 12.75 319 12.08 4.608 20187 337 1275
1211872011 3.69 13.98 325 12.30 5.281 23137 369 13.98
1211972011 3.64 13.78 3.34 12.63 4860 21291 364 13.78
122002011 37 14.03 341 12.89 5.120 22429 371 14.03
122172011 373 1411 346 .11 5244 229.72 373 1411
1272272011 420 15.90 163 13.73 7.185 314.76 420 15.90
12232011 424 16.07 3.80 1437 5.639 247.03 a2 16.07
12040011 4.56 17.24 397 15.01 6395 280.15 456 17.24
122572011 343 16.78 107 15.42_ 5.981 262,02 443 16.78
122672011 .86 18.40 125 16.08 6.587 288.56 2.86 18.40
1202772011 519 19.65 4.46 16.38 6.902 302.40 5.19 19.65
1212812011 540 20.44 470 17.78 7.106 31130 540 20.44
122912011 564 2133 490 18.56 7418 32497 5.64 2133
1203072011 5.81 22,01 5.1 19.41 7,896 345.90 581 20
123172011 597 — 2261 533 20.18 8.166 357.77 5.97 22.61
SUMMARY
AVG 3.84 14.52 161 13.67 5.226 22896 334 14.52
MAX 597 2261 533 20.18 8.166 357.77 5.97 2261
MIN 3.00 11.37 312 11.80 3.837 168.09 3.00 1137
LIMITS
AVG
96 363



TAHOE - TRUCKEE SANITATION AG. «CY TRUCKEE CALIFORNIA
MARCIA A. BEALS - GENERAL MANAGER

SUMMARY OF OPERATIONS
NTPUD & TCPUD - DISTRICT FLOW

December 2010

B DATE DOLLAR HILL RAMPARTS COMPUTED
- FLOW FLOW FLOW
g NT.PUDFLOW  NT-TCTLOW  TCPUDFLOW
E‘!‘; _ TOMGd T WMob MED - -
<. 127172010 0.67 1.09 0.42
¥ 12722010 0.70 §.21 251
121372010 o7 134 0.57
12/412010 0.75 1.5 0.60
12/5/2010 0.82 T84 0.62
o T3/2018 LEX] TA7 554
I 12432010 0.82 1.40 0.57
: 12/8/2010 0.7¢ 1.36 0.59
. 120972010 0.76 1.45 0.69
i 1211012010 0.80 1.58 079
i TLTI701C ©.83 163 578
5 12/1272010 0.82 1.55 i¥2]
1201372010 0.78 1.4) 0.65
121412010 0.90 1.32 0.92
121502010 0.84 1.63 0.78
TZTEI010 ] 33 0.7
1211772010 0.12 153 0.7}
12/18/2010 * * *
121912010 * * hi
127202010 143 143 135
12172080 1.1 7.34 i1z
1272272010 1.10 2.1? 1.07
12232010 1.H 218 1.03
122442010 116 2.24 1.08
1202572010 1.15 .72 1.08
TI726/2010 .15 2.29 T.14
122112010 1.21 2.47 125
12/2872010 1.0 2.63 133
1272972010 139 270 132
121302010 1.35 2.10 1.35
T312010 145 2.89 1.44
SUMMARY
AVQ 0.97 1.86 0.89
MAX L45 2.89 1.44
MIN 0.67 1.09 0.42

« Power outages resulted in lost data 12/18 and 12/19/2010.
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TAHOE - TRUCKEE SANITATION@ENCY TRUCKEE CALIFORNIA
MARCIA A. BEALS - GENERAL MANAGER

SUMMARY OF OPERATIONS
NORTH TAHOE PUD

December 2011

DATE DAILY FLOW 7DAY AVG. FLOW
MGD MLD MGD MLD
12/1/2011 0.61 230 0.69 261
127272011 0.61 233 0.67 2.53
12312011 0.63 238 0.64 2.43
£2/4/2011 0.64 241 0.63 2.39
12/5/201] 0.59 2.22 0.62 2.34
12/6/2011 0.59 0 0.61 232
12/7/2011 0.58 2.18 0.61 229
12/812011 0.59 225 0.60 228
12/9/2011 0.59 225 0.60 27
—12/10/201} 0,65 2.46 .60 228
1271112011 0.62 234 0.60 227
12/12/2011 0.60 227 0.60 228
12/13/2011 0.60 226 0.60 2.29
12/14/2011 0.61 231 0.61 231
12/15/2011 0,62 234 061 232
12/16/2011 0.61 230 0.61 233
12/17/2011 0.69 2.60 0.62 235
12/18/2011 0.69 262 0.63 239
12/19/2011 0.72 272 0.65 245
122012011 0.73 275 0.67 252
1212112041 0.75 283 0.69 2.59
1212212011 0.77 292 0.71 2.68
12/23/2011 0.73 275 0.72 2.74
1212472011 0.90 342 0.75 2.86
12/25/2011 0385 323 078 294
12/26/2011 0.92 3.48 0.81 3.0
1212772011 0.95 3.59 0.84 317
12/28/2011 1.00 3.80 : 0.87 331
12/29/2011 0.99 3.75 091 3.43
12/30/2011 1.08 407 0.96 362
123112011 1.t4 431 0.99 375
SUMMARY
AVG 013 7 276 0.69 2.63
MAX 1.14 431 0.99 375

MIN 0.58 218 0.60 227



TAHOE - TRUCKEE SANITATION AGENCY TRUCKEE CALIFORNIA
MARCIA A. BEALS - GENERAL MANAGER

SUMMARY OF OPERATIONS
INFLUENT MONITORING
December 2010
TOTAL NON-FILT. :
BOD. RESIDUE (5.5) COoD. TOTAL N : TOTALP
DATE 24 HR COMPOSITE 24 HR COMPOSITE 24 HR COMPOSITE 24 HR COMPOSITE 24 HR COMPOSITE
MGA. MGL MG MGL MG
(212010 176 464 36.1
12212010 '
12132010
12/412010 .
12/512010 188 458 39.1 490
127672010
12772010
12/872010 210 152 390 3.7
12972010
12/10/2010
12172010
12/12/2010 162 144 406 359 490
12/1372010
121472010
12/152010 5100 20¢ - 21.3
1271672010
12/17/2010
12/1872010
12/19/2010 152 351 324 4.00
12/20/2010
1272172610
122272610 157 152 ) 382 371
1212312010
122472010
1272572010 -
1272612010 285 200 334 0.2 7.10
1212772010
1212872010
122972040 204 570 45.9
12/3072010
123172010
SUMMARY
AVG 204 163 427 375 5.23
MAX 285 204 570 502 7.10

MIN 157 100 250 273 4.00



TAHOE - TRUCKEE SANITATION AGENCY TRUCKEE CALIFORNIA
MARCIA A. BEALS - GENERAL MANAGER

SUMMARY OF OPERATIONS
INFLUENT MONITORING
December 2011
TOTAL NON-FILT.
BOD. RESIDUE (S.8) COob. TOTAL N TOTALP
DATE 24 HR COMPOSITE 24 HR COMPOSITE 24 HR COMPOSITE 24 HR COMPOSITE 24 HR COMPOSITE
MG MGL MG MGL MGA
127172011 E— —
12/2/201¢
127312011
124412011 130 591 462
12/5/2011 480
127672011
12/772081 285 168 496 438
124812011
12/9/2011
12/10/2011
T2/1172011 246 180 486 476 5.70
1211272011
12/1372011
121412011 142 414 43.0
12/15/2011 A
1271672011
12/17/2011
12/18/2011 182 530 50.3 5.40
12/192011
1222002011
1272172011 734 180 508 483
12/2212011
1272372011
12/24/2011
1212512011 326 226 641 54.6 6.60
12/26/2011
122772011
122802011 230 629 536
12/29/2011
12/30/2011
12/33/2011
SUMMAGRY - 50 537 87 563
AV . 641 556 6.60
MAX 326 230

MIN 234 130 . 414 430 4,80



Base Information

2010
T-TSA T-TSA T-TSA T-TSA Precipitation
Dollar Plant Total N Total P inches water
Sewer Inflow mg/| mg/|
Flow million
million gallons
gallons
1-Dec 0.67 3.14 36.1 0
2-Dec 0.7 3.49 0
3-Dec 0.73 3.6 0.61
4-Dec 0.75 3.95 0
5-Dec 0.83 4.12 39.1 49 0.18
6-Dec 0.83 4.12 0.64
7-Dec 0.83 3.79 0
8-Dec 0.77 3.9 33.7 0
9-Dec 0.76 4.33 0.11
10-Dec 0.8 4.58 0.23
11-Dec 0.85 4.79 0.02
12-Dec 0.82 4.53 35.9 4.9 0
13-Dec 0.78 4.01 0
14-Dec 0.9 4.84 0.37
15-Dec 0.84 4.61 27.3 1.36
16-Dec 0.81 4.41 0
17-Dec 0.82 4.62 0.09
18-Dec 6.03 2.57
19-Dec 6.96 32.4 4 2.02
20-Dec 1.18 6.39 0.86
21-Dec 1.11 6.13 0.05
22-Dec 1.1 6.25 37.1 0.11
23-Dec 1.11 6.01 0
24-Dec 1.16 6 0
25-Dec 1.15 5.94 0
26-Dec 1.15 6.21 50.2 7.1 0.24
27-Dec 1.21 6.64 0.1
28-Dec 1.3 7.07 0.01
29-Dec 1.3 7.04 45.9 1.67
30-Dec 1.35 7.1 0.16
31-Dec 1.45 7.33 0




Base Information

2011
T-TSA T-TSA T-TSA Total N mg/| | T-TSA Total P Precipitation
Dollar Plant mg/| inches water
Sewer Inflow
Flow million
million gallons
gallons
0.61 3.12 0
0.61 3.11 0
0.63 3.23 0
0.64 3.23 46.2 4.8 0
0.59 3.08 0
0.59 3 0
0.58 3.16 43.8 0
0.59 3.14 0
0.59 3.14 0
0.65 3.25 0
0.62 3.28 47.6 5.7 0
0.6 3.04 0
0.6 3.23 0
0.61 3.31 43 0
0.62 3.06 0
0.61 3.05 0
0.69 3.37 0
0.69 3.69 50.3 5.4 0
0.72 3.64 0
0.73 3.71 0
0.75 3.73 48.5 0
0.77 4.2 0
0.73 4.24 0
0.9 4.56 0
0.85 4.43 54.6 6.6 0
0.92 4.86 0
0.95 5.19 0
1 5.4 55.6 0
0.99 5.64 0
1.08 5.81 0
1.14 5.97 0




Adjustments and Calculations
T-TSA Dollar Meter / 2010 Flows Adjusted 2010 adj flow
T-TSA Plant Inflow Using Dollar/T-TSA Ratio - 2011 flow,
Meter and Known Loss mg
T-TSA T-TSA Plant
Dollar Inflow million
Sewer gallons
Flow
million
2010 2011 gallons
0.21 0.20 0.67 3.14 0.06
0.20 0.20 0.7 3.49 0.09
0.20 0.20 0.73 3.6 0.1
0.19 0.20 0.75 3.95 0.11
0.20 0.19 0.83 4.12 0.24
0.20 0.20 0.83 4.12 0.24
0.22 0.18 0.83 3.79 0.25
0.20 0.19 0.77 3.9 0.18
0.18 0.19 0.76 4.33 0.17
0.17 0.20 0.8 4.58 0.15
0.18 0.19 0.85 4.79 0.23
0.18 0.20 0.82 4.53 0.22
0.19 0.19 0.78 4.01 0.18
0.19 0.18 0.9 4.84 0.29
0.18 0.20 0.84 4.61 0.22
0.18 0.20 0.81 4.41 0.2
0.18 0.20 0.82 4.62 0.13
0.19 1.14 6.03 0.45
0.20 1.34 7.09 0.62
0.18 0.20 1.18 6.39 0.45
0.18 0.20 1.11 6.13 0.36
0.18 0.18 1.1 6.25 0.33
0.18 0.17 1.11 6.01 0.38
0.19 0.20 1.16 6 0.26
0.19 0.19 1.15 5.94 0.3
0.19 0.19 1.15 6.21 0.23
0.18 0.18 1.21 6.64 0.26
0.18 0.19 1.3 7.07 0.3
0.18 0.18 1.3 7.04 0.31
0.19 0.19 1.35 7.1 0.27
0.20 0.19 1.45 7.33 0.31
0.1895 0.1914




Adjustments and Calculations

2011 adj 2010 adj flow - 2010 adj flow - (2010 2010

flow 2011 adj flow = 2011 adj flow = |stormwater, % Precipitati

F=1.1475 2010 stormwater, [2010 on x10

U=.21, mg mg stormwater,

gallons

0.67 0.00 1000 0.1 0
0.67 0.03 31000 4.4 0
0.69 0.04 38050 5.2 6.1
0.70 0.05 46575 6.2 0
0.65 0.18 183950 22.2 1.8
0.65 0.18 183950 22.2 6.4
0.63 0.20 195425 235 0
0.65 0.12 123950 16.1 0
0.65 0.11 113950 15.0 1.1
0.71 0.09 85100 10.6 2.3
0.68 0.17 169525 19.9 0.2
0.66 0.16 162475 19.8 0
0.66 0.12 122475 15.7 0
0.67 0.23 231000 25.7 3.7
0.68 0.16 159525 19.0 13.6
0.67 0.14 141000 17.4 0
0.76 0.06 59200 7.2 0.9
0.76 0.38 379200 333 25.7
0.80 0.54 544775 40.7 20.2
0.81 0.37 373300 31.6 8.6
0.83 0.28 280350 25.3 0.5
0.85 0.25 247400 22.5 1.1
0.81 0.30 303300 27.3 0
1.00 0.16 158225 13.6 0
0.94 0.21 205600 17.9 0
1.02 0.13 125275 10.9 2.4
1.06 0.15 150850 12.5 1
1.12 0.18 183475 14.1 0.1
1.11 0.19 194950 15.0 16.7
1.21 0.14 141675 10.5 1.6
1.28 0.17 172825 11.9 0




Adjustment Protocol

1. Filling in Missing 2010 Flow Data Based Upon Known Information

While T-TSA's Dollar Hill Flow Meter has missing data for December 18 and 19, 2010, the T-TSA Inflow
Meter has data for these two days and missing values can be determined by the following method:

NTPUD's portion of T-TSA flows are consistently about 19% of T-TSA flows. The ratio of Dollar Hill flow to
T-TSA flow for December 2010 was an average of 0.1895 with a standard deviation of 0.011 and the ratio
of Dollar Hill flow to T-TSA flow for 2011 was an average of 0.1914 with a standard deviation of 0.011. Itis
this consistency and high correlation which validates the method.

Using the 2010 ratio of 0.1895 the December 18, 2010 Dollar Hill flow is computed to be 6.03 (the T-TSA
Inflow Meter) times 0.1895 = 1.14 million gallons.

Next, the December 19, 2010 T-TSA Inflow Meter reading must be corrected by adding the 130,000 gallons
which were not delivered to the T-TSA plant to the 6.96 million gallons which were delivered, making the
correct number = 6.96 +0.13 = 7.09 million gallons.

Finally, the December 19, 2010 Dollar Hill flow is computed to be 7.09 (the T-TSA inflow) times 0.1895 =
1.34 million gallons.

2. Obtaining Population Differences through Water Production Data

The T-TSA Dollar Hill Flow Meter data indicates a small difference between 2010 and 2011. Gross water
production for the two months can be used to determine if the difference is due to population since an
increase in water production will result in a corresponding increase in sewer flow during a winter month
where there is no outside use of water. Fortunately, the NTPUD supplies water to the community. NTPUD
water is produced from two sources, the National Avenue Lake Intake and the Park Well. Records are kept
for both sources. The National Lake Intake has two "Trains" for water treatment, which are used
alternately. Using SCADA printouts and Well Production Logs, total water diversion was 28 million gallons
in December 2010 and 24.4 million gallons in December 2011, for a 2010 to 2011 ratio of 1.1475.

December Water Production
Park
National Well Total
Train 1 Train 2 Total
2010 17.1 9.4 26.5 1.5 28
2011 13.7 9.9 23.6 0.8 24.4
2010/2011 1.1475




Statewide

Region 6

%

%

Under 100 64.5 48.5
100-999 27.2 34.1
1,000-9,999 6.2 12.6
10,000-99,999 1.6 3.4
100,000 or more 0.5 1.4
1996 - 19987 2010

26 12 0.08 0

27 13 1.76 0

28 14 0.14 0.37

29 15 0.05 1.36

30 16 1.72 0

31 17 1.22 0.09

1 18 2.43 2.57

2 19 4.65 2.02

3 20 1.58 0.86

4 21 0 0.05

5 22 0.01 0.11

6 23 0 0




The National Avenue Lake Intake data come from SCADA reporting. Park Well data come from the Park
Well Production Log. Since the Park Well was in use between the evening of November 30, 2011 and

| [the morning of December 1, 2011 the production after 12:01 am on December 1, 2011 was determined
| |by use of the District's SCADA system as follows:

Well production between 8:00 am on Nov 29 and 10:00 am on Dec 1 was 0.366 million gallons.
Total well operating times between 8:00 am on Nov 29 and 10:00 am on Dec 1 was 450 minutes.
Total well operating times between 1