RELEVANCE TO TRPA TURBIDITY MONITORING PROGRAM AND WATER
QUALITY THRESHOLD
The Tahoe Regional Planning Agency (TRPA) has set environmental thresholds for the Tahoe
Basin. This project is relevant to one of these thresholds. The only TRPA water quality threshold
for near shore waters is the littoral zone turbidity threshold (TRPA threshold WQ-1). The TRPA
program for monitoring compliance with this program consists of 9 sample sites in water 25 ft
deep (Figure 11) (Whitney, 2002, Personal Communication). These sites range from tens to
hundreds of meters offshore. Discrete samples are collected four times a year from depths of 5, 10,
15, 20, 25 ft. The small number of sample sites cannot delineate high turbidity areas like the ones
associated with Tahoe Keys and Tahoe City and do not monitor the undeveloped sections of the
shore that have the greatest clarity. The infrequent measurements will make it difficult, and maybe
impossible, to determine temporal trends.

Figure 11. Location
of TRPA turbidity
monitoring sites and
near shore turbidity
on September 17
and 18, 2001.

The TRPA turbidity threshold for the littoral zone is 1 NTU in areas not influenced by streams and
3 NTU in areas influenced by streams. This 1 NTU threshold is a factor of 10 times greater than
existing conditions off undeveloped areas and a factor of 4 times greater than existing conditions
in the most turbid areas of the lake excluding Tahoe Keys. For reference the turbidity of the entire
near shore zone would be similar to the turbidity of the Tahoe Keys marina in June before the
TRPA threshold was exceeded. The secchi disk depth along the entire shore would be less than ~4
m before the TRPA turbidity threshold was exceeded.
The TRPA littoral turbidity threshold is the only TRPA water quality threshold that is being met.
This is because the turbidity threshold is set at a level much greater than ambient conditions and
the tight environmental standards of the other thresholds. TRPA staff is aware of the limitations of
the current turbidity threshold and monitoring program and is proceeding along a path that may
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lead to changing the threshold and monitoring program when all the thresholds are reviewed in
2004.
Other indicators of water clarity are also used in Lake Tahoe. One of these is Secchi depth, which
is the greatest depth that a black and white disk 20 cm in diameter, can be observed. Another is
vertical extension coefficient, which is a measure of the rate that light intensity decreases with
depth. Both of these measurements use natural sunlight that passes through the lake surface. The
measurements are dependent on the angle of the sun above the horizon, cloud cover and the
roughness of the water surface. These methods also require water that is deeper than most of the
areas studied in this project. These methods are influenced by conditions over a range of depths as
opposed to the turbidity measurement, which is only influenced by conditions at a single depth. It
will be possible to develop an approximate empirical relationship between turbidity measured near
the surface and the Secchi depth, and this will be done in future projects.
CONCLUSIONS AND HYPOTHESES
This was the first project to conduct detailed studies of the spatial variability of near shore
turbidity at Lake Tahoe and hence when the project was developed it was not clear how useful
spatial turbidity surveys would be. The project was designed with a broad focus instead of
targeting specific issues. This section is divided into conclusions that are well supported by data,
and hypotheses that are suggested by the data but not proven.
Conclusions
ƔThere is a large spatial and temporal variability in near shore turbidity. A general pattern is that
turbidity is greater during the summer than during the winter. The areas with consistently high
turbidity are South Lake Tahoe, Tahoe Keys, and Tahoe City. Kings Beach and Incline Village
have high turbidity too, but to a lesser degree. The Tahoe Keys and adjacent lake waters
consistently have the highest turbidity and are occasionally greater than the TRPA WQ-1
threshold.
Ɣ Emerald Bay consistently has an elevated turbidity. The steep watershed, significant lands
disturbance imediately adjacent to the bay due to road construction and avalanche activity, shallow
depths and major stream inflow with restricted mixing with deep lake water, make this a unique
area.
ƔTurbidity values are greatest near the shore. If the near shore clarity issue is resolved, the midlake clarity issue may also be resolved. However, it maybe possible to have acceptable mid-lake
clarity and still have poor clarity near the shore.
ƔAlthough atmospheric deposition of nutrients may contribute to a lake wide decline in clarity, it
occurs over too large an area to explain the small size of the areas with elevated turbidity. Hence,
most of the near shore clarity loss is caused by neighborhood scale local problems.
ƔThe TRPA turbidity monitoring program does not provide an effective means of locating
problem areas and does not provide a way to measure changes over long time periods.
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ƔThe TRPA littoral zone turbidity threshold (WQ-1) does not provide a level of environmental
protection that is consistent with the other TRPA thresholds and may not be consistent with the
community’s expectations.
Hypotheses
ƔGroundwater inflow of nutrients may be enhancing algae growth in some areas. The nutrient
source may be sewer exfiltration, soil disturbance or fertilizer use.
ƔSummer thunderstorms and moderate waves may not have a significant short term impact on near
shore turbidity.
ƔMost of the clarity problem may be the result of what is occurring along a small percentage of the
shoreline.
RECOMMENDATIONS
ƔInformation on the spatial and temporal variability of turbidity and light attenuation should be
collected so that an informed discussion of the TRPA littoral zone turbidity threshold (TRPA water
quality threshold WQ-1) can occur before the thresholds are reviewed in 2004.
ƔAn effective near shore clarity monitoring program should be developed that will observe spatial
and temporal variations in clarity. The program should monitor the entire lakeshore and portions of
the mid-lake, but also have special emphasis on areas known to have low clarity. The program
should be constructed so that changes that occur gradually over several decades can be
documented.
ƔSpatial surveys should be conducted to identify sections of the lakeshore that are associated with
high turbidity areas. These surveys should be conducted in different seasons because different
areas will respond differently during different seasons.
ƔA program should be developed to identify the relative extent that algae and inorganic particles
are responsible for increasing the turbidity. It should be anticipated that high turbidity has different
causes in different areas and different seasons. This will require examination of the particles and
cannot be done with just the methods presented here.
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In addition, the draft Imp. Regulations only identify Homewood, Sunnyside, and Tahoma as
“Village Centers,” while the draft Area Plan includes Tahoe Vista, Carnelian Bay, and Lake
Forest/Dollar Hill as Village Centers.24 Given the inconsistent and additive terms for the
various locations since 2012, it is unclear whether the North Lake areas are proposed to be
Village Centers, or not. Further confusing this issue is the reference to four subareas: “The
Mixed-Use Subdistricts are classified within one of four Subareas—Greater Tahoe City, North Tahoe
East, North Tahoe West, and West Shore.” (Imp. Regulations, p. 9).

We recommend the TBAP and Implementing Ordinances be revised to retain the existing
nomenclature for areas outside of Town Centers, while clearly documenting the changes
that are being proposed to these areas (where applicable). This will help avoid confusion
and help the public to better participate in the TBAP development process. In the future, if
significant changes are considered for such areas, new planning terms/labels may be more
appropriate. At a minimum, the TBAP package should include a ‘crosswalk’ which clearly
identifies, in text and on maps, the existing Plan Area Statements/Community Plans (and
associated Special Areas) in relation to the proposed Subdistricts to provide a clear visual
comparison for the public and decision-makers.

2.

Nearshore Clarity and Other Nutrient Impacts
a) Nearshore Threshold Standards:

There are five TRPA thresholds related to protection of Tahoe’s nearshore areas, and one
TRPA threshold focused on aquatic invasive species (a threat that is well-understood to
affect nearshore areas).25
Nearshore threshold standards:
Reduce dissolved inorganic nitrogen (N) loading from all sources by 25% of 1973-81 annual
average
Reduce the loading of dissolved inorganic nitrogen, dissolved phosphorus, iron, and other algal
nutrients from all sources to meet the 1967-71 mean values for phytoplankton primary
productivity and periphyton biomass in the littoral zone.
Decrease sediment load as required to attain turbidity values not to exceed three NTU. In addition,
turbidity shall not exceed one NTU in shallow waters of the Lake not directly influenced by
stream discharges
Reduced dissolved inorganic nitrogen loads from surface runoff by approximately 50 percent,
from groundwater approximately 30 percent, and from atmospheric sources approximately 20
23

“Village Centers include Tahoma, Homewood, Sunnyside, Lake Forest/Dollar Hill, Carnelian Bay and
Tahoe Vista.” (draft TBAP, p. 71).
24
“This Area Plan encourages redevelopment in the Village Centers and implements the programs that are
allowed under the Regional Plan. Area Plan programs that apply in the Village Centers include mixed use
zoning, revised parking regulations, new design standards and secondary dwelling units. Also included are
plans to complete trail connections, enhance transit service, and advocate for additional redevelopment
incentive programs in the Regional Plan.” (TBAP, p. 93); Also identified on Figure 4-5: Area Plan Land
Use, p. 95.
25
http://www.trpa.org/wp-content/uploads/TEVAL2011_Ch4_WaterQuality_Oct2012_Final.pdf
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percent of the 1973-81 annual average. This threshold relies on predicted reductions in pollutant
loadings from out-of-basin sources as part of the total pollutant loading reduction necessary to
attain environmental standards, even though the Agency has no direct control over out-of-basin
sources. The cooperation of the states of California and Nevada will be required to control sources
of air pollution which contribute nitrogen loadings to the Lake Tahoe Region.
Support actions to reduce the extent and distribution of excessive periphyton (attached) algae in
the nearshore (littoral zone) of Lake Tahoe.

Aquatic Invasive Species standard:
Aquatic Invasive Species
MANAGEMENT STANDARD
Prevent the introduction of new aquatic invasive species into the region’s waters and reduce the
abundance and distribution of known aquatic invasive species. Abate harmful ecological,
economic, social and public health impacts resulting from aquatic invasive species.

As noted by the scientific community, “Nearshore conditions are inherently localized
issues, where different locations around the lake will have different expected levels of
nearshore clarity, trophic status, community structure and human health variables.”
(“Nearshore Report”). 26 However, the RPU’s policies (and associated environmental
review) were based on implementation of the TMDL requirements,27 which focus on
mid-lake clarity, not the nearshore (or the localized impacts of pollution and how they
impact individual nearshore environments).28
As noted by the Tahoe Environmental Research Center’s (TERC’s) State of the Lake Reports
(2008-2014),29 attached algae biomass is generally elevated along the north and west shores
of Lake Tahoe.30 In fact, the biomass in the nearshore adjacent to Tahoe City has been among
the highest documented in the State of the Lake Reports each year since 2008 (see maps
below).
Although researchers revealed that periphyton concentrations were lower in 2014 (as
documented in the 2015 State of the Lake Report31), Dr. Geoff Schladow noted that the
“result had little to do with what agencies or scientists [have done];” rather, due to drought,
measurements of algae concentrations had to be taken in deeper areas of the Lake, where
different algae species exist.32
26

Lake Tahoe Nearshore Evaluation and Monitoring Framework. Final, October 15, 2013;
http://www.dri.edu/images/stories/centers/cwes/Nearshore_Evaluation_and_Monitoring_Plan_02.10.14.pdf
27
“The Draft Regional Plan included targeted amendments that support the findings and water quality
improvement strategies of the TMDL.” (Final RPU EIS, Volume 1, p. 3-26).
28
In the Lahontan Regional Water Quality Controls Board’s 11/02/2010 response to TMDL comments by
the League to Save Lake Tahoe (LTSLT-56), Lahontan stated: “The draft Lake Tahoe TMDL was
developed to meet federal requirements under section 303(d) of the federal Clean Water Act, by addressing
Lake Tahoe’s deep water transparency. Because the Lake is not meeting the deep water transparency
standard, it was listed as impaired on the federal 303(d) list. The TMDL was developed to specifically
address that impairment. Because Lake Tahoe’s nearshore environment is not yet listed as impaired on the
State Water Board’s 303(d) list, the draft Lake Tahoe TMDL does not specifically address issues in the
nearshore.” [Emphasis added].
29
http://terc.ucdavis.edu/stateofthelake/
30
“Zones of elevated PBI are evident, particularly along the north and west shores of Lake Tahoe…” p.
10.9. http://terc.ucdavis.edu/stateofthelake/sotl-reports/2014/10_biology.pdf
31
http://terc.ucdavis.edu/stateofthelake/index.html
32
From State of the Lake 2015 Report presentation, 7/23/2015.
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The RPU EIS did not analyze impacts at the localized scale, where effects on the nearshore
are more direct. Rather, the RPU EIS’s regional analysis treated Lake Tahoe as one large
‘bowl,’ only examining impacts from the perspective of mid-lake clarity. Where and how
much pollution enters the Lake and how it affects the immediate nearshore areas are topics
that were not examined in the RPU EIS. In response to public comments requesting
examination of the nearshore conditions and increased coverage in Town Centers bordering
the Lake,33 the Final RPU EIS included a PLRM model estimate. However, the model only
developed estimates of the runoff from properties with BMPs compared to that of properties
without BMPs; it contained no examination of the location of the runoff, the existing
nearshore conditions, the substrate or lack thereof, water depth, and other local features.34
As scientists further note, influences on nearshore conditions include:
“5.1 Summary of Influences on Nearshore Condition
Urban stormwater runoff generally contains much higher concentrations of nutrients
and fine sediment particles than found in the lake and in runoff from undisturbed areas.
These nutrients cause increased localized concentrations of phytoplankton that decrease
water clarity. Likewise, higher concentrations of the sediment particles contribute to
decrease nearshore clarity.
Stream inputs that pass through disturbed watersheds contribute higher concentrations
of nutrients and fine particles that decrease nearshore clarity.
Upwelling events deliver deep-lake waters to the nearshore. These waters can be
enriched in some nutrients relative to local nearshore concentrations.
Nutrient inputs from stormwater runoff, stream inputs and ground water may generate
increased biomass of phytoplankton and benthic algae (periphyton and metaphyton).
Excess fertilizer applications may contribute to groundwater and surface runoff loading
of nutrients, which increase the nearshore concentrations of dissolved nutrients that
enhance algae concentrations and decrease clarity.
Nutrients also affect algae growth rates and species distributions, which can impact
community structure.” (Nearshore Report, p. 35).

Differences in local areas such as the depth of the nearshore water, which impacts the level
of mixing in the nearshore, and the lake bed features in the localized environment (e.g. rocks
versus sand), may lead to more or less algae in a given area. For example, the same amount
of pollution entering the Lake in the south shore may not have the same impact as an equal
amount of pollution entering the Lake near Tahoe City. Additionally, since periphyton is
attached algae, it will be more common in areas where there are more items to attach to in the
nearshore (e.g. rocks). In addition, the Final RPU EIS notes the PLRM simulation is “a
simple aggregate representation of all centers:”
Note: The PLRM simulation described in Appendix C of the Final EIS is a simple aggregate
representation of all Centers. The results presented in Table 3Ǧ4 are valid as a relative comparison
of estimated changes in pollutant loading that could result from policies included in the Final Draft
Plan. In practice, the Lake Tahoe TMDL requires local jurisdictions to complete load reduction
plans that identify catchments (i.e., subǦwatersheds) and their respective pollutant loading to Lake
Tahoe. Estimates of existing condition pollutant loading in specific community centers, developed
33

For example, 6/27/2012 comments by the CA Attorney General state: “The DEIS explains that attached
algae in the nearshore is an important water quality issue, and that addressing it would have a beneficial
effect on water quality. Yet the DEIS does not contain any analysis of the impacts to the nearshore of the
numerous proposed changes to coverage rules contained in Alternative 3 and other alternatives.” (TRPA
RPU Final EIS, Volume 2, p. 2-75). [Emphasis added]
34
Final RPU EIS, Volume 1, p. 3-31 and 3-32.
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by local jurisdictions using siteǦspecific analysis and detailed stormwater modeling, will differ
from the existing condition estimate presented in Table 3Ǧ4. (Final RPU EIS, Volume 1, p. 3-31)

As a result, the TBAP EIR/S must thoroughly examine the specific impacts of each
alternative on the nearshore areas affected by land use in the Area Plan. The EIR/S must
also clearly identify the existing conditions of Tahoe’s nearshore areas that fall within
and/or border the Area Plan, and the impacts of the Area Plan’s policies and
requirements. For example, as more coverage is added in Tahoe City, more stormwater
pollution will be apt to enter Lake Tahoe’s nearshore in that area. The EIR/S must
examine the impacts of the pollution, also considering the depth of the water in the
nearshore, potential for mixing/dilution, water flow patterns, and other factors, on water
clarity/turbidity in the nearshore (including nutrient and particulate concentrations),
habitat, and conditions that may support aquatic invasive species. The EIR/S also needs to
identify how Placer County and TRPA will measure the impacts of new and redevelopment
on nearshore clarity, and what measures will be taken to mitigate potential impacts, if need
be.
b) Nutrient impacts to entire Lake:
On July 23, 2015, Dr. Geoff Schladow from the Tahoe Environmental Research Center
(TERC)/UC Davis presented the public with the 2015 State of the Lake Report. In this
report, a unique finding was made: the blueness of Lake Tahoe is negatively correlated
with clarity. In other words, when clarity improves, there is less blueness, and when
clarity declines, there is more blueness. While clarity is affected primarily by the influx
of fine inorganic particles into the Lake, the blueness – which is the subject of decades of
outreach (e.g. consider the “Keep Tahoe Blue” slogan) – is affected primarily by algae.
Thus, as Dr. Schladow noted on 7/23/2015, “if we want to have blue water, we have to
work on nutrients.” This information is also reported in the document:
“When the daily average Blueness Index is combined with the measurements of Secchi depth, a
surprising result emerges, as evident in the figure below. Blueness and clarity vary opposite to
each other. While the clarity is related to the input of very fine particles from the surrounding land,
blueness is most strongly related to the algal concentration. The lower the algal concentration, the
bluer the lake. The lowest concentration typically occurs in summer when nutrients have been
depleted. This is the time of highest particle concentration.
This is good news. We now have an even better understanding of how Lake Tahoe works, and it
reinforces the importance of controlling nutrient inputs to the lake, whether from the forest, the
surrounding lawns, or even from the air. What is particularly encouraging are the long-term changes.
Overall, the blueness has been increasing over the last 3 years and the average annual clarity has
stopped declining.” (State of the Lake 2015, p. 6.1)
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Above: Chart of clarity versus ‘blueness’ from State of the Lake Report.

For years, we have strongly advocated for Plans and Projects to address the need to reduce
nutrients – both phosphorous and nitrogen – in order to protect Lake Tahoe’s nearshore
areas, where algal growth has been increasing (e.g. see periphyton charts above), research
has now reiterated the importance of controlling nutrient growth for yet another reason –
‘Keeping Tahoe Blue.’ The TMDL, upon which the RPU’s mid-lake water quality benefits
are primarily based, focuses on fine sediments, and does not address nearshore conditions
(where nutrients play a larger role).35 In addition, Dr. Schladow also discussed the variations
among Tahoe’s different nearshore areas, in fact stating that in order to have a really good
understanding of what is going on in the nearshore, monitors should be located every 2-3
miles along the nearshore. This clearly reiterates the importance of localized pollution and
physical condition when it comes to nearshore impacts.
This reiterates the need for the TBAP EIR/S to clearly and comprehensively evaluate the
amount and location of nutrients that will runoff into Lake Tahoe for each alternative, as
well as their impact in stimulating nearshore and mid-lake algal growth.

35

Information summarized from: Lahontan Water Board, Response to November 11, 2010 TASC
Comments on TMDL:
x The TMDL was focused only on mid-lake transparency. (Response to comment TASC-15);
x The Lake Clarity Crediting Program, which is used as a means to track local government compliance
with the TMDL, is initially focusing only on fine sediments. (Response to comment TASC-19).
From the Lake Tahoe Total Maximum Daily Load Technical Report, June 2010: “This [Tahoe] TMDL does
not directly address restoring the nearshore clarity of Lake Tahoe. Rather, the Lake Tahoe TMDL focuses
solely on restoring the deep water clarity and transparency.” (P. 3-23).
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In addition, the two Town Centers in the TBAP are located in very close proximity to Lake
Tahoe, allowing more impervious coverage to be placed in areas closest to Lake Tahoe.
While the TMDL estimates that a variety of stormwater treatment systems may be used to
reduce fine sediments and phosphorous, these systems generally do not remove nitrogen. In
fact, the most effective way to remove nitrogen is through vegetative uptake. As noted in the
1982 TRPA EIS for establishing the Environmental Threshold Carrying Capacities, 36 the
Basin’s soil “is an integral part of the structure and function of the natural ecosystem,”
“essential for supporting vegetation by providing a medium to anchor roots, store nutrients,
and store water for growth.” (p. 16). Vegetation, in turn, “is a part of a total
system…responsible for removing nutrients, particularly nitrogen, from precipitation…stored
in the soil.” (Page 18). Impervious coverage “affect[s] the soil’s ability to function naturally
as a medium for vegetative growth and storage of nutrients and water,” and “prevents any
infiltration of precipitation and its associated nutrient load, resulting in near total runoff.”
(Page 17). Increased runoff volume increases its energy, accelerating erosion. (Pages 17-18)
[Emphasis added]. Researchers have also recommended ecological “buffers” between roads
and the lake to capture runoff: “We should also relocate major roadways, like Highway 50,
away from the lake shore," Cahill said. “We need to create ecological buffers [between the
roads and the lake], marshes that can capture runoff before it hits the lake.” 37
The TBAP EIR/S needs to analyze the mechanisms that will be necessary to remove
nitrogen from the additional coverage allowed by the TBAP. The impacts of coverage that
is exempt per TRPA regulations (e.g. bike trails) must be included in this analysis; while it
may be exempt from regulatory requirements, the impacts of the coverage must still be
analyzed and disclosed. The EIR/S needs to identify the land that will be used to provide
the natural functions necessary to remove nitrogen from runoff before it enters Lake
Tahoe.

36
37

Excerpts attached.
http://articles.latimes.com/2000/feb/16/news/mn-64810
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Table16.Estimatedannualcosttoremove1lbofurbanderivedFSP($/lbofurbanFSPremoved/yr).
Urban
AnnualizedUnit
Catchment
derived
Cost
'RFPfsp
ProjectName
Area
%Urban %DCIA
($/lbofUrban
(MT/yr)
'RFPfsp
(sqmi)
FSPremoved/yr)
(MT/yr)
UTRMiddleReach

53.7

7.6%

48%

15.8

4.97

$39.00

UTRSunsetReach5

51.3

6.3%

44%

26.1

7.07

$44.00

TroutCreekUpperReach

23.7

2.3%

65%

10.5

2.47

$51.00

UTRSunsetReach6

50.3

6.1%

43%

12.4

3.22

$83.00

AngoraSewerline

4.4

6.4%

70%

0.7

0.31

$95.00

UTRAirport

52.3

6.9%

48%

8.2

2.50

$148.00

UTRGolfCourse

42.4

3.7%

34%

8.9

1.44

$330.00

AngoraSEZ

2.6

3.0%

70%

0.3

0.10

$2,047.00


Table17.Annualizedunitcostestimatesforaseriesofurbanwaterqualityimprovementstrategiesdevelopedfor
PlacerCounty($/lbofFSPremoved/yr).FromTableES.3in2NDNATUREandNHC(2011).
AnnualizedUnitCost

($/lbofFSPremoved/yr)
UrbanStrategy
LowEstimate
HighEstimate
Waterqualitymindedroadoperationimprovements
$3.50
$4.25
IncreasedimplementationofprivateparcelBMPs
$20.00
$41.00
(stormwatervolumereductions)
Waterqualityimprovementprojects(WQIP)
$70.00
$88.00

Usingthesemethods,threetofouroftheprojectsinTable16areestimatedtobemorecosteffective
thantypicalurbanwaterqualityimprovementprojects.Urbancapitalimprovementprojectsarecostly
andrequiresignificantregularmaintenancetoensurewaterqualitybenefitsaresustainedovertime.
Comparisonsofthetimingof“stormwatertreatment”opportunitiesandthetypicalvolumesofwater
thatcan“treated”byurbandrybasinsversesSEZmeadowsvarydramaticallyandshouldbeconsidered
inmoredetailtobetterunderstandFSPloadreductionopportunitiesoftreatmentprocesses.While
streamrestorationeffortsalsorequiresignificantresourcestoimplement,theseannualizedcost
estimatessuggesttheycanproviderelativelycostǦeffectivewaterqualitybenefits,withpotentially
minimallongtermmaintenancecosts.Afewstreamrestorationprojectshaveannualizedcostsestimated
comparabletohighdensityimplementationandcontinuedmaintenanceofprivateparcelBMPsthatare
implementedandmaintainedtoretainthe20yr1hrstormontheparcel.But,asexpected,improvedroad
maintenancepracticesisthemostcosteffectivestrategytoreduceFSPloadsatthesourceand
continuedandsustainedfocusonFSPsourcecontrolisassumedcriticaltoachievelongtermTMDLgoals.
Webelievethisanalysisprovidessubstantialevidencethateffectivestreamrestorationprovidesbotha
desiredwaterqualitybenefit,inadditiontothemultitudeofecologicalandrecreationalbenefits
achieved.
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INTRODUCTION
Each year Lake Tahoe TMDL Program Managers request stakeholders’ assistance in evaluating TMDL
Program operations and performance. TMDL Program Managers identify, compile and respond to
implementation challenges, policy issues, relevant scientific and technical findings, and emerging
information needs. When appropriate, TMLD Program Managers pair the synthesized findings with
program adjustment recommendations in an annual Findings & Program Recommendation Memo that
enables Lahontan Water Board and NDEP executives to have an informed discussion about the need for
proposed program adjustments.
The 2015 TMDL Findings & Program Recommendation Memo (2015 Memo) reiterates important findings
from the 2014 document and incorporates new findings from the past calendar year. New and
outstanding stakeholder comments are addressed in the Stakeholder Feedback Capture Sheet.
Part I: Findings
Findings are grouped into one of three subject areas: A)
Urban Stormwater Management; B) Non-Urban Source
Category Management and C) Overall TMDL. A box at the
beginning of each subject area contains summary findings
drawn from themes within that subject area.

Stakeholder Feedback
Stakeholder feedback is captured in the
Stakeholder Feedback Capture Sheet, an appendix
to this document. The sheet is a tool for TMDL
Program Managers to track and respond to
stakeholder feedback – including suggested
program adjustments or information needs – in
an organized and transparent manner. TMDL
Program Managers update and sort the sheet
each year for public release in conjunction with
this memo. A primary feedback mechanism
that assists with population of the sheet is the
Stakeholder Feedback Form, available on the
TMDL Online Interface.

Part II: Recommendations
This section distills actionable recommendations to adjust
the TMDL Program, including both management strategies
and policies. TMDL Program Managers propose
recommendations based on new science, stakeholder
feedback, and direct learning over the past year. Generally,
adjustment recommendations proposed in Part II reflect
findings from Part I. Findings not linked to
recommendations either support existing policy, require
actions outside TMDL Program Manager’s purview, or are
not currently actionable due to incomplete information or lack of implementation resources.

Proposed recommendations guide and inform discussions at the TMDL Program Review Meeting, an
annual meeting between Lahontan Water Board and NDEP executives and TMDL Program Managers.
Like findings, recommendations are grouped into one of three subject areas: A) Urban Stormwater
Management; B) Non-Urban Source Category Management; and C) Overall TMDL.
Appendix
The Appendix includes the 2015 Stakeholder Feedback Capture Sheet, a list of the input provided by TMDL
stakeholders regarding information needs and recommendations for program adjustments as well as
Program Manager’s responses to these comments. Comments remain on the list until addressed and
status updates may be provided for those that remain unresolved.
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PART I: FINDINGS
Introduction
Findings are grouped into three specific subject areas, outlined below. Individual findings within each
subject area are synthesized from existing documents or drawn from observations or stakeholder
comments.
A. Urban Stormwater Management
B. Non-Urban Source Category Management
C. Overall TMDL

2015 Summary Findings
There were no new findings related to Urban Stormwater Management or Non-Urban Source Category
Management during the past calendar year. Previously listed findings remain relevant and continue to
guide Lake Tahoe TMDL program actions. New findings related to the overall TMDL program include
recent research regarding stormwater monitoring analysis and reporting techniques, revised pollutant
load estimates, and updated information on Lake Tahoe’s physical properties and climate condition as
reported in the University of California, Davis State of the Lake Report. The revised load estimates and
climate and physical information are not significant enough to support any recommended change to the
Lake Tahoe TMDL program or associated policy. Through the TMDL Management System process,
TMDL Program Managers will continue to assess whether revised loading estimates or new climate
information dictates program change.
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A. URBAN STORMWATER MANAGEMENT
Key Findings From Previous Assessments
1.

2.
3.
4.

5.

Wintertime traction abrasive application to roadways is the primary specific source of both fine
sediment particles (< 16μm) in stormwater runoff and PM10 in the urban upland and
atmospheric deposition source categories, respectively.
Pollutant source control best management practices (PSC BMPs) are more cost effective than
stormwater treatment (SWT) BMPS in reducing fine sediment particles from urban roads.
Implementing PSC BMPs has the direct benefits of improving the effectiveness and reducing
maintenance cycles of SWT BMPs.
There is a consistent and ubiquitous lack of appropriate maintenance conducted on SWT BMPs.
Regular inspection and maintenance of SWT BMPs is needed to sustain intended fine sediment
particle load reductions.
Targeted implementation of SWT and PSC BMPs on developed parcels is a cost-effective strategy
for reducing pollutant loads. The most efficient FSP load reductions are likely achievable on
Commercial/Institutional/Communications/Utilities (CICU) and Multi-Family Residential (MFR)
land uses due to the much larger pollutant potential of these land use types in comparison to the
Single Family Residential (SFR) land use.

NEW FINDINGS
There were no new findings related to urban stormwater management practices during the past
calendar year. Previously listed findings remain relevant and continue to guide Lake Tahoe TMDL
program actions. Please refer to the 2014 Findings and Recommendations Memo for specific details
and associated references.
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B. NON-URBAN SOURCE CATEGORY MANAGEMENT
Key Findings From Previous Assessments
1.
2.
3.
4.

The vast majority of the pollutant loading in forestlands originates from paved and unpaved
roads, disturbed areas and public facilities.
Active unpaved roads are estimated to produce sediment yields (both FSP and other suspended
solids) that are 1-3 orders of magnitude greater than inactive unpaved roads.
Forest management with appropriate mitigation techniques can reduce sediment generation from
forested lands and developed properties.
Restoring floodplain connectivity and geomorphic function in riverine systems can provide
substantial FSP load reductions.

NEW FINDINGS
There were no new findings related to non-urban pollutant sources or land management practices
during the past calendar year. Previously listed findings remain relevant and continue to guide Lake
Tahoe TMDL program actions. Please refer to the 2014 Findings and Recommendations Memo for
specific details and associated references.
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C.OVERALL TMDL

Key Findings From Previous Assessments
1.

2.

3.

4.

5.
6.

Monitoring urban catchment stormwater, tributary streams, and the lake itself are all critical to
evaluate the effects of stormwater management practices, track pollutant loading trends, and
assess the Lake’s response to TMDL implementation efforts. However, there is a lack of longterm stable funding to support these monitoring efforts.
Overall, average annual lake clarity levels continue to show a decade-long trend of stabilization.
While measured clarity data are encouraging, they must be considered in the context of
consecutive drought years.
The level of potential water quality impacts attributable to climate change is mixed: sediment
loads are not projected to increase substantially, but nutrient availability from within the lake
could increase substantially.
If Lake Tahoe ceases to mix by the middle of the 21st Century, the resulting substantial nutrient
availability from within the lake could result in a dramatic decline in lake clarity such that the
possibility of achieving the clarity standard of nearly 100 feet would need to be reevaluated.
Nearshore conditions are expected to improve in response to Lake Tahoe TMDL implementation,
particularly in the vicinity of effective load reduction efforts.
Various Lake Tahoe basin research efforts have found strong correlations between field turbidity
measurements and FSP (both mass and number of particles) in stormwater, streams, and land use
data. The slope of the relationship can vary depending on the FSP source.

NEW FINDINGS

1.

2.

3.

The 2014 annual average Secchi depth was 77.8 feet (23.7 meters), an increase of 7.6 feet over the
previous year. The best clarity in more than a decade is likely a result of a combination of the
following factors:
a. implementation of water quality improvement actions;
b. continued warm, dry conditions for the third straight year. The 2014 average minimum and
maximum air temperatures at Tahoe City were the highest recorded since 1910. Precipitation was
only 61% of average, with only 18% of it falling as snow, well below normal. April snowpack in
the Tahoe Basin was the lowest recorded in 100 years of record keeping. Reduced precipitation
meant fewer contaminants flowed into Lake Tahoe. Due to warmer water and record-high levels
of lake stability Lake Tahoe did not mix to its full depth for the third consecutive year.
c. decreases in the concentration and bloom duration of the algae Cyclotella gordonesis (UC Davis
2015).
Further review of the updated pollutant load estimates based on additional years of data (Sahoo et
al., 2013) indicate a 21% shift in total phosphorous loading between urban and non-urban sources.
Non-urban upland source categories loading increased from 26% to 47% while urban source category
loading decreased from 39% to 18%.
2NDNATURE (2014) developed technical recommendations to link site-specific urban stormwater
monitoring datasets with recommended data analysis and reporting methods to address two priority
TMDL management needs: 1) evaluating trends in urban pollutant loading over time as a result of
water quality improvement management actions; and 2) informing priority needs of the stormwater
tools used by the TMDL program.
TMDL SYNTHESIS OF FINDINGS AND PROGRAM ADJUSTMENT RECOMMENDATIONS MEMO 2015
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a.
b.

c.

Standardized data analysis and reporting approaches facilitate stormwater quality trend
analyses across sites and provide relative climatic context.
To appropriately inform Pollutant Load Reduction Model (PLRM) characteristic effluent
concentrations (CECs), treated effluent pollutant samples must be collected across a range of
event types, magnitudes and durations from multiple representative BMPs of the same type
(e.g., wet basin, dry basin, etc.). The monitored BMPs must be regularly maintained to
operate within the acceptable range of performance. Three years of measured effluent
concentrations from three specific BMPs of the same type are needed to generate a single
recommended CEC (mg/L).
Data management, analysis and reporting formats are presented that are relatively simple,
repeatable and easily interpreted by managers, funders and other relevant stakeholders.

REFERENCES
2NDNATURE. 2014. Aligning Stormwater Monitoring Datasets with Priority Management Questions.
Final Guidance. Prepared for USDA Forest Service Pacific Southwest Research Station. December 2014.
http://www.2ndnaturellc.com/reports/
Sahoo, G.B., J.E. Reuter, S.G. Schladow, J. Riverson and B. Wolfe. 2012. Development of a Water Quality
Modeling Tool Box to Inform Pollutant Reduction Planning, Implementation Planning and Adaptive
Management. University of California-Davis, Tahoe Environmental Research Center. Prepared for USFSPacific Southwest Research Station, Berkeley, CA. March 21, 2012.
UC Davis – Tahoe Environmental Research Center. 2015. Tahoe: The State of the Lake Report 2015.
Davis, CA. Accessed on August 6, 2015. http://terc.ucdavis.edu/stateofthelake/
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PART II: RECOMMENDATIONS
Introduction
This section describes actionable adjustment recommendation proposals developed by the TMDL
Program Managers, including management strategies and guiding policies. Recommendations are
presented to Lahontan Water Board and NDEP executives for discussion and consideration of approval.
Stakeholder recommendations that are either non-actionable, have not been advanced by TMDL Program
Managers, or require action from entities other than the TMDL Program agencies (e.g. TMDL
Implementers or Coordinating Partners) are captured and responded to in the 2015 Stakeholder Feedback
Capture Sheet, an appendix to this document available, also available on the TMDL Online Interface.
RESPONSE CATEGORIES
To establish a relative level of effort associated with each suggested recommendation, adjustment
recommendations are placed into one of the following three response categories:






Response Category I – Minor TMDL Program Adjustments. Generally, Category I adjustments
may be executed by TMDL Program Managers at any time with consultation only from TMDL
Executives. Little or no additional funding is required to implement Category I
recommendations.
Response Category II– Adjustments to TMDL Program technical tools, process, protocols or
policy. Category II adjustments may require formal approval from Lahontan and NDEP TMDL
Executives or formal approval from the Lahontan Regional Water Board and NDEP
Administrator. Additional funding is usually required to implement Category II
recommendations.
Response Category III – Adjustments that would require amending the EPA-Approved Lake
Tahoe TMDL Report. Category III recommendations may be warranted in the case of new
scientific findings or substantial changes to environmental or economic conditions. Category III
recommendations are first reviewed and approved or rejected by Lahontan and NDEP TMDL
Executives. Following an approval process mandated by State or Federal laws and regulation,
they are implemented through the appropriate policy change process for each agency. Additional
funding would be required to implement Category III recommendations.

2015 STATUS
There were no new substantive findings during the past calendar year, and TMDL Program Managers are
not recommending any program changes. Although updated findings provide valuable status and trend
data and stormwater monitoring guidance, the new information does not warrant any change to the Lake
Tahoe TMDL program at this time. The pollutant load estimate revisions are reasonably aligned with
previous values and do not warrant change to the TMDL implementation approach. While the lake’s
physical characteristics are partially due to observed climate variables, the noted changes do not reflect a
need for policy or program adjustment.
Previously listed recommendations remain relevant, and the following section describes the status of
program recommendations made in the 2014 TMDL Findings and Program Recommendations Memo.
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II

I

I

Update the Lake Clarity Crediting
Program Handbook.

Establish a new TMDL Performance
Measure (TMDL PM) to track and report
floodplain restoration activities in a
manner consistent with TRPA EIP
Program reporting efforts.

Support ongoing nearshore status and
trend monitoring and broadcast the
relationship of nearshore quality to
TMDL implementation in TMDL
Management System products.

SW.2.

NU.1.

O.1.

STATUS UPDATE
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Ongoing. TMDL Program Managers are actively engaged in
implementing estabslihed nearshore monitoring priorities.
Work is also underway to target nearshore monitoring
funds on evaluating nearshore processes and causal
relationships.

Ongoing. Other program priorities have prevented progress
in implementing this recommendation. TMDL Program
Managers will craft an updated PM in partnership with the
Tahoe Regional Planning Agency as part of the
Environmental Improvmenet Program reporting effort.

Complete. The updated Handbook is available here.

Ongoing. TMDL Program Managers are actively involved in
current work to explore storm water program funding
alternatives on the California side of the Lake Tahoe basin.
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Support Urban Jurisdictions’ efforts to
secure funding for road operations and
maintenance

RESPONSE
CATEGORY

SW.1.

RECOMMENDATION

Summary of 2014 Recommendations

APPENDIX A – 2015 STAKEHOLDER FEEDBACK CAPTURE
SHEET
The Stakeholder Feedback Capture Sheet is a tool for TMDL Program Managers to track and respond to
stakeholder feedback – including suggested program adjustments or information needs – in an organized
and transparent manner. The Stakeholder Feedback Capture Sheet is populated by TMDL Program Managers
who add stakeholder feedback to the list throughout the year. TMDL Program Managers reference the list
when drafting the Synthesis of Findings & Program Adjustment Recommendation Memo. A primary feedback
mechanism that assists with population of the sheet is the Stakeholder Feedback Form, available on the
TMDL Online Interface (https://www.enviroaccounting.com/TahoeTMDL/Program/Home).
Consistent with the structure of the Synthesis of Findings & Program Adjustment Recommendation
Memo, stakeholder feedback is organized within three subject areas: 1) Urban Stormwater Management
2) Non-Urban Source Category Management 3) Overall TMDL. Feedback is organized chronologically by
the submittal date within each category. Comments remain on the list until addressed and status updates
may be provided for those that remain unresolved.
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Short Title

May-15

May-15

May-14

May-13

May-13

The maintenance and verification requirements associated with
Lake Clarity Credit from private parcel BMP implementation remain
uncertain. The proposed 5 year/50% reduction approach shifts
emphasis from single family residential BMPs to commercial and
multi-family. It is also unclear how the LCCP approach for private
property BMPs will be implemented and when it may be revised.
Program stability and consistency is needed to allow urban
jurisdictions to appropriately plan for meeting load reduction
requirements.

Concern regarding stakeholder participation in updating the LCCP
Handbook. Specificly, revisions may effect established baseline load
and load reduction estimates and associated plans developed using
previous assumptions. Should program changes substantively
impact load reduction strategies, funding should be identified for
jurisdictions to recalculate baseline loadings.

More information is needed to identify what FSP reductions can be
expected from implementing various O&M practices. Effectiveness
studies are needed using various equipment and various
methodologies. This information is needed so TMDL Program
Managers, stakeholders, and funders can evaluate and budget for
the most cost effective modifications to road operations practices
and justify expenditures.

Need better research and information on effect of advanced road
maintenance practices – including sweeping and abrasive
application. Relatively few sweeper and abrasive options are
available in PLRM. More choices need to be available to best reflect
the practices being implemented.

Need less subjective and less labor intensive method to replace
Road RAM. Due to the significant amount of fine sediment particles
attributed to paved areas, road conditions need to be assessed
consistently throughout the Tahoe Basin and across jurisdictions for
successful implementation.

Private Parcel BMP
Registration

Lake Clarity Crediting
Program Handbook
Revision

Effectiveness of roadway
O&M practices

Effectiveness of roadway
O&M practices

Road RAM improvement

2015-3

2015-4

2014-12

2014-1

2014-3

Kristine R. Klein, Senior
Licensed Engineer, Washoe
Co.,
kklein@washoecounty.us,
775-328-2046

Kristine R. Klein, Senior
Licensed Engineer, Washoe
Co.,
kklein@washoecounty.us,
775-328-2046
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Comment addressed. Road RAM is currently the only road condition assessment
approved for the Crediting Program. The Crediting Program allows for approval of
alternatives condition assessment methodologies provided they demonstrate
equivalency with Road RAM. Equivalency requirements are contained in the Crediting
Program Handbook. Furthermore, the Crediting Program has been streamlined to
reduce the road condition assessments burden.

Comment addressed/being adressed. The program tracks road condition scores as
established by Road RAM protocols. Rather than selecting specific road operations
and maintenance practices, the updated Lake Clarity Crediting Program and
associated load estimation tools allow entities to implement whatever practices they
determine to be most cost-effective and feasible for their respective jurisdictions to
achieve desired road conditions. The Road Operations Effectiveness Testing project
was initiated to assist and guide jurisdictions in selecting cost-effective road
operations and maintenance practices to achieve desired roadwday condition scores.
A final project report is due out Fall 2015. Finally, project to test revised Road RAM
protocols that eliminate need to access highway drive lanes has been initiated.

Comment being addressed. The Road Operations Effectiveness Testing project has
been initiated to help jurisdictions select cost-effective practices and better
understand the expected roadways condition as a result of implementing such
practices. The final report is due in Fall 2015. The project will also provide Urban
Implementers standardized guidance to test and evalute the cost-effectiveness of
road operations and maintenance practices in the future.

Comment being addressed. Revisions to the Lake Clarity Crediting Program tools
were undertaken with signficant stakeholder support and involvement. Changes to
the load estimation tool (PLRM) that ultimately influence previously prepared
baseline pollutant loads have been implemented with stakeholder approval. While
NDEP and NV Urban Implementers have secured funding, the Lahontan Water Board
is working with CA Urban Implementers to identify and secure funding to revise
jurisdiction scale baseline pollutant loads.

Karin Peternel, Douglas
County,
kpeternel@co.douglas.nv.us,
Jason Burke, City of South
Lake Tahoe,
jburke@cityofslt.us, 530-5426038
Tyler J. Thew, P.E.
Senior Hydraulic Engineer,
NDOT,
tthew@dot.state.nv.us, (775)
888-7574

Comment addressed. Parcel BMP maintenance verification policy is now specified in
the Lake Clarity Crediting Program Handbook version 2.0. The policy is subject to
revision through the Lake Tahoe TMDL Management System process. Execution of
any additional or new program or policy adjustment would require TMDL Executive
approval.

Comment addressed. Treament BMP condition assessment and maintenance
requirements are primary components of the Lake Clarity Crediting Program; Credit
awards are reduced when key and essential treatment BMPs are not maintained in
appropriate functioning condition.

Karin Peternel, Douglas
County,
kpeternel@co.douglas.nv.us,
Jason Burke, City of South
Lake Tahoe,
jburke@cityofslt.us, 530-5426038

Zach Bradford, League to Save
Lake Tahoe,
zach@keeptahoeblue.org,
530-541-5389
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May-15

There is a documented lack of treatment BMP maintenance and the
current program doesn't effectively enforce the need for treatment
BMP maintenance. The program should reduce Lake Clarity Credit
awards when treatment BMPs are't propertly maintained.

Treatment BMP
maintenance

May-15

TMDL Program Manager Response

Comment addressed. In using the Road RAM to evaluate roadway condition, the Lake
Clarity Crediting Program incentivizes implementation of holistic roadway operations
and maintenance strategies that minimize the magnitude and residence time of FSP
Zach Bradford, League to Save source material. While specific ideas for incentives to implement effective road
operations and maintenance in addition to the Crediting Program are welcome,
Lake Tahoe,
current research and monitoring indicates the Road RAM sufficiently accounts for
zach@keeptahoeblue.org,
roadway condition variables. The California Department of Transportation is planning
530-541-5388
additional water quailty sampling paired with Road RAM observations and differing
traction abrastive strategies to further assess the established water quality and
condition assessmetn relationship.

Submittal
Stakeholder Information
Date

2015-2

2015-1

Summary of comment (1-3 sentences)

TMDL program findings suggest traction abrasives are a significant
source of pollutants and using alternative materials could improve
Incentivize the use of more water quality. Lake Clarity Credits are awarded for changing
observable road conditions, but it's unclear if the road conditions
durable traction abrasive
are appreciably altered by alternative abrasive use. Consider
material
different incentives to drive the shift to more durable abrasives to
achieve water quality benefit.

Urban Stormwater Management

#

Short Title

Nearshore Turbidity

The relationship of FSP
mass and particle numbers
and field turbidity

The relationship of FSP
mass and particle numbers
and field turbidity

Parcel BMP verficiation

Need a clearinghouse of all TMDL related reports and studies that is
kept current with links to access the reports. This is needed to
TMDL Report Clearinghouse
minimize money being spent on similar studies and better utilize
the studies and data that exist for the Tahoe TMDL.

2015-6

2014-28

2014-24

2014-23

2014-22

May-13

Jul-13

Feb-14

May-14

Jun-15

Apr-15

Feb-14

Adjustment not currently recommended. Awarding credits to TMDL Implementers
for stream restoration projects based on SLRT FSP load estimates is not
recommended for the following reasons: 1) There is no process to link stream
restoration fine sediment and nutrient load reduction estimates to Lake Tahoe TMDL
baseline load estimates. 2) The Lake Clarity Crediting Program remains focused on
accounting and tracking pollutant loading from urban storm water discharges and
SLRT does not evaluate the proportion of pollutant load related to urban storm water.
If an Urban Implementer can demonstrate a reduction of urban storm water loads
associated with stream channel restoration work, TMDL Program Managers will
consider awarding credits for such actions.

TMDL Program Manager Response

Comment Noted. This reference was reviewed and considered for inclusion in the
2014 Findings and Recommendations Memo.

Adjustment accomplished. The parcel BMP condition assessment process is
described in the Crediting Program Handbook Version 2.0.

Comment addressed. To keep TMDL Online Interface streamlined to the pertinent
information that is easy to find, stormwater and other TMDL-related studies will not
be posted to the Online Interface. Rather, links to studies and reports reviewed for
relevance and inclusion will be included in future Findings and Recommendations
Reports, when and where available.

Jason Kuchnicki, TMDL
Program Manager, NDEP,
jkuch@ndep.nv.gov,
775.687.9450

Kristine R. Klein, Senior
Licensed Engineer, Washoe
Co.,
kklein@washoecounty.us,
775-328-2046
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Comment being addressed. SNPLMA funded research underway to address this
need. Future SOF/PARM will report findings and implications from the relevant study.

Jason Kuchnicki, TMDL
Program Manager, NDEP,
jkuch@ndep.nv.gov,
775.687.9450 and David
Shaw, Balance Hydrologics

David Shaw, Balance
Hydrologic and Shay Navarro, Comment being addressed. SNPLMA funded research underway to address this
TRPA,
need. Future SOF/PARM will report findings and implications from the relevant study.
dshaw@balancehydro.com

Dan Kikkert, El Dorado
County,
dan.kikkert@edcgov.us

Comment Noted. This a low priority given: (1) competing priorities to manage the
Bob Coats, Tahoe
TMDL Program; and (2) the LTIMP stream monitoring program has been designed in
Environmental Research
such a manner that controllable and uncontrollable drivers are integrated. Therefore,
Center, rncoats@ucdavis.edu,
it would be extremely difficult if not impossible to determine the cause of observed
510-295-4049
concentration spikes.

Jacques Landy
U.S. EPA Lake Tahoe Basin
Coordinator
(775) 589-5248
landy.jacques@epa.gov

Submittal
Stakeholder Information
Date
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Consider Effects of Motorized Watercraft on Summer Nearshore
Turbidity at Lake Tahoe, California-Nevada (Alexander and Wigart
2013) to inform the knowledge base of what effects nearshore
turbidity.
Additional relationships should be investigated between streamflow
and FSP transport. These relationships, or ‘sediment rating curves’
are perhaps the best tool for establishing sediment baselines prior
to floodplain restoration or BMP implementation, and for assessing
the change in fine sediment supply as BMPs and restoration
activities are implemented. As sediment supply within a watershed
diminishes, suspended sediment concentration at a given
streamflow will also diminish.
Tahoe Basin researchers have found strong correlations between
field turbidity measurements and FSP (both mass and number of
particles) in stormwater, streams, and land use data (see 20102013 SOF-PARM Finding and Implication #5). However the slope of
the relationship can vary depending on the FSP source. The
relationship may also be variable over time as sources change. How
much does the slope of the relationship vary across sources? Is the
variability statistically significant? Information is needed regarding
the cost associated with using site specific correlations versus basinwide relationships already developed and what is the incremental
gain in confidence.
Developing and formalizing a condition assessment protocol for
parcel level BMPs may be warranted due to the large load reduction
benefit for the widespread implementation of them as indicated by
PLRM results. Components of formalization are: development of
protocol to be applied; guidance (i.e., rules) for application of the
condition assessment; tracking and reporting database that links
with TIST; reduction in credit values for specific proportions of BMPs
that are non-functional.

LTIMP Data Use

TMDL program managers should routinely review annual nutrient
concentration data collected by LTIMP and consider observed spikes
for potential point source problems.

2015-5

Overall TMDL

2014-18

SLRT and the Lake Clarity
Crediting Program

Summary of comment (1-3 sentences)

EPA considers the load reduction estimation methods for both
channel restoration and floodplain deposition sufficiently welldeveloped (an example is the Trout Creek restoration project) that
Urban Jurisdictions should discuss opportunities with regulators to
determine if channel and floodplain restoration projects may be
eligible to generate credits. In order to improve certainty (or
minimize equivalency and uncertainty ratios as described on p. TT32 of the LCCP H), it may be preferable to award credits
retroactively based on estimations of actual load reductions
achieved rather than to estimate potential load reductions based on
application and verification of predictive models.

Non-Urban Source Category Management

#

Subject

Summary of comment (1-3 sentences)

Submittal
Date
Stakeholder Information

The draft 2015 F&R memo lacks specific detail on how the updated
PLRM version will influence baseline loads and associated NPDES
permits (CA) and Interlocal Agreements (NV)

It is premature to link nearshore with Crediting Program prior to
attainment of first urban five year milestone achieved. Nearshore
should not be linked to jurisdictions load reduction planning efforts
until 3rd five-year milestone.

DRAFT Findings and
Recommendations Memo

DRAFT Findings and
Recommendations Memo

DRAFT Findings and
Recommendations Memo

DRAFT Findings and
Recommendations Memo

DRAFT Findings and
Recommendations Memo

DRAFT Findings and
Recommendations Memo

DRAFT Findings and
Recommendations Memo

DRAFT Findings and
Recommendations Memo

DRAFT Annual Strategy

2015-7

2015-8

2015-9

2015-10

2015-11

2015-12

2015-13

2015-14

2015-15

2015-16

Kristine R. Klein, Senior
Licensed Engineer, Washoe
11/13/2015 Co.,
kklein@washoecounty.us,
775-328-2046
Kristine R. Klein, Senior
Licensed Engineer, Washoe
11/13/2015 Co.,
kklein@washoecounty.us,
775-328-2047

Kristine R. Klein, Senior
Licensed Engineer, Washoe
11/13/2015 Co.,
kklein@washoecounty.us,
775-328-2045
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Kristine R. Klein, Senior
Licensed Engineer, Washoe
2016 Annual Strategy "Current Themes" should acknowledge 2016
is the initial year for catchment registration, inspection and award of 11/13/2015 Co.,
kklein@washoecounty.us,
credits and that implementation tools may need further refinement.
775-328-2048

It is unclear whether all stakeholder feedback included in the
Appendix A Stakeholder Feedback Table (draft 2015 F&R memo)

DRAFT Findings and
Recommendations Memo

Kristine R. Klein, Senior
Licensed Engineer, Washoe
The draft 2015 F&R memo qualitatively references "non-substantive
findings" but lacks quantitative details. Consider including data,
11/13/2015 Co.,
kklein@washoecounty.us,
trends, or other details to bolster document findings.
775-328-2039
The draft 2015 F&R memo selectively reports information from the
Kristine R. Klein, Senior
UC Davis State of the Lake Report but ignores other seemingly
Licensed Engineer, Washoe
relevant information. Specifically, the memo lacks information on
11/13/2015 Co.,
the relationship between blueness and clarity, doesn't discuss the
kklein@washoecounty.us,
influence of Cyclotella diatoms on clarity, and fails to discuss deep775-328-2040
lake mixing factors in nutrient loading.
Kristine R. Klein, Senior
Licensed Engineer, Washoe
It is unclear what draft 2015 F&R memo Section C. Overall TMDL
Finding E (regarding urban stormwater monitoring) in is attempting 11/13/2015 Co.,
kklein@washoecounty.us,
to convey or how it is related to TMDL program activities.
775-328-2041
Kristine R. Klein, Senior
Licensed Engineer, Washoe
The draft 2015 F&R memo finding that revised loading estimates do
not warrant progam change is inadequately supported. Consider
11/13/2015 Co.,
kklein@washoecounty.us,
adding quantitative specifics.
775-328-2042
Kristine R. Klein, Senior
Licensed Engineer, Washoe
It is unclear whether the draft 2015 F&R memo considered the Road
11/13/2015 Co.,
Operations Effectiveness Testing Project report.
kklein@washoecounty.us,
775-328-2043
Kristine R. Klein, Senior
Licensed Engineer, Washoe
The draft 2015 F&R memo doesn't adequatly link listed
11/13/2015 Co.,
recommendations to specific findings.
kklein@washoecounty.us,
775-328-2044

DRAFT Findings and Recommendations Memo & DRAFT Annual Strategy

#
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Comment Addressed. The final 2016 Annual Strategy has incorporated language that
addresses this comment.

Comment Noted. At this time, the TMDL Program does not intend on linking
nearshore with the Crediting Program. The TMDL Management Agencies belive
nearshore improvement is one of many multi-benefit considerations that Urban
Implementers should taken into account in the prioritization of load reduction
projects and actions.

Comment Noted. It is not the purpose of the F&R Memo to provide this type of
information. This information will be fleshed out in conversations with Urban
Implementers and specified in updated permits and agreements.

Comment Noted and Addressed. All comments submitted were included in the 2015
F&R Memo, except the Dan Kikkert comment submitted on 6/24/15 regarding
availability of a 2013 study on watercraft affects on nearshore turbidity. This
comment was not orignially included in the Stakeholder Feedback Form becuase the
study was reviewed prior to development of the 2014 F&R Memo. However, it has
been added to the Stakeholder Feedback Form. In the future, all stakeholder feedback
will be included in the Stakeholder Feedback Form for the sake of transparency.

Comment Noted. No new programmatic recommendations are included in the 2015
memo. Recommendations included in the 2015 F&R Memo are carry-overs from the
2014 memo. Recommendations in the 2014 memo include an "Alignment with
Findings" description that links the specific findings with the recommendation.

Comment Noted. The referenced project report was not available prior to production
of the draft 2015 F&R Memo and thus was not considered. It will be considered for
inclusion in the 2016 memo.

Comment Noted. The 21% shift in phosphorous loading from urban to non-urban
sources was determined to not warrant program change on the basis that the current
TMDL management approach prioritizes fine sediment particles.

Comment Addressed. Finding C.3 (formerly Finding E in the draft document) has
been revised in response to this comment.

Comment Addressed. The document was edited to incorporate information related
to the influence of Cyclotella due to the algae's influence on clarity. The current
relationship between blueness and clarity as well as the lack of deep-mixing effects on
lake nutrient concentrations are both interesting information, but not considered by
TMDL Program Managers as relevant for inclusion.

Comment Addressed. The document was edited to remove the terms substantive
and non-substantive as these are subjective terms. Additionally, TMDL Management
Agencies try to provide quantitative information to strengthen and support findings
and recommendations whenever possible.

TMDL Program Manager Response

Subject

Summary of comment (1-3 sentences)

How will the LCCP program schedule provided in the draft 2015 F&R
memo impact updates to permits, specifically Reports of Waste
11/13/2015
Discharge and Pollutant Load Reduction Plans? EPA suggests using
the annual F&R memo to describe upcoming program activities.

The F&R should identify significant upcoming TMDL related
activities and describe how that information will be used to support 11/13/2015
TMDL implementation.

The draft 2015 F&R memo should include additiontal nearshore
status information as reported inthe UCD SOTL Report. TMDL
program should serve as the mechanism to report nearshore
program activities.

DRAFT Findings and
Recommendations Memo

DRAFT Findings and
Recommendations Memo

DRAFT Findings and
Recommendations Memo

2015-17

2015-18

2015-19

2015-20

Jacques Landy
U.S. EPA Lake Tahoe Basin
Coordinator
(775) 589-5248
landy.jacques@epa.gov
Jacques Landy
U.S. EPA Lake Tahoe Basin
Coordinator
(775) 589-5248
landy.jacques@epa.gov
Jacques Landy
U.S. EPA Lake Tahoe Basin
Coordinator
(775) 589-5248
landy.jacques@epa.gov
Jacques Landy
U.S. EPA Lake Tahoe Basin
Coordinator
(775) 589-5248
landy.jacques@epa.gov

Stakeholder Information

TMDL SYNTHESIS OF FINDINGS AND PROGRAM ADJUSTMENT RECOMMENDATIONS MEMO 2015

11/13/2015

Consider adding newly available fiscal cost information to the 2015
F&R Memo.
11/13/2015

Submittal
Date

DRAFT Findings and
Recommendations Memo

DRAFT Findings and Recommendations Memo & DRAFT Annual Strategy
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Comment Noted. Given the lack of established neashore program stakeholder
information distribution processes, TMDL Program Managers agree the TMDL
Management System documents can provide an interim solution until such processes
are developed. Future documents will consider and, where appropriate, report on
nearshore program activities.

Comment Noted. TMDL Program Managers agree there is value in broadcasting
upcomingTMDL program ativities to ensure stakeholders are informed. While such
information is not well aligned with the Findings and Recommendations memo
purpose and structure, those details can be found in the Annual Strategy document.

Comment Noted. The progam implementation schedule remains unchanged.
Similarly, Lake Clarity Credit verification and updated permit and interlocal agreement
processes are consistent with established timeframes. Please review the existing
permit for compliance dates and future submittal requirements.

Comment Noted. While new fiscal estimates may drive more cost effective
implemenation approaches, the updated cost information does not currently impact
the direction of established TMDL program policies. The Water Board and NDEP are
committed to addressing cost estimates and compliance implications within the
NPDES permit and Interlocal Agreement context.

TMDL Program Manager Response
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 %LRORJLFDOO\WKHSULPDU\
SURGXFWLYLW\RIWKHODNHKDVLQFUHDVHG
GUDPDWLFDOO\VLQFH,Q
WKHUHZDVDGHFUHDVHLQSULPDU\
SURGXFWLYLW\WRJUDPVRI
FDUERQSHUVTXDUHPHWHUWKH
WKLUGVXFFHVVLYH\HDURIUHGXFHG
SURGXFWLYLW\%\FRQWUDVWWKHELRPDVV

WKLV\HDUQXWULHQWVIURPWKHERWWRP
RIWKHODNHZHUHQRWEURXJKWXSWR
OHYHOVZKHUHWKH\FDQEHXWLOL]HGE\
SK\WRSODQNWRQ7KHODFNRIGHHS
ZDWHUPL[LQJDOORZVDFRQWLQXHG
EXLOGXSRIQLWUDWHLQWKHGHHSZDWHU
6XUSULVLQJO\LQODNHSKRVSKRUXV
FRQFHQWUDWLRQVZKLFKKDGEHHQRQ
DORQJWHUPGHFOLQHGLVSOD\HGDQ
LQFUHDVHLQWRWKHKLJKHVWOHYHO
LQWKHODVWVL[\HDUV
 7KLV\HDUWKHDQQXDODYHUDJH
6HFFKLGHSWKDPHDVXUHRIODNH
FODULW\FRQWLQXHGWKHORQJWHUPKDOW
LQFODULW\GHJUDGDWLRQ7KHYDOXH
IRUZDVIHHW P D
GHFUHDVHRIIHHWRYHUEXW
WKLVZHOODERYHWKHORZHVWYDOXH
UHFRUGHGLQRIIHHW 
P <HDUWR\HDUIOXFWXDWLRQVDUH

FRQFHQWUDWLRQ RIDOJDHLQWKHODNH
KDVUHPDLQHGUHODWLYHO\VWHDG\
RYHUWLPH7KHDQQXDODYHUDJH
FRQFHQWUDWLRQIRUZDV
PLFURJUDPVSHUOLWHUVOLJKWO\ORZHU
WKDQWKHSUHYLRXVWZR\HDUV)RU
WKHSHULRGRIWKHDYHUDJH
DQQXDOFKORURSK\OODFRQFHQWUDWLRQ
LQ/DNH7DKRHZDVPLFURJUDPV
SHUOLWHU

7KLVUHSRUWLVDYDLODEOHRQWKH8&'DYLV
7DKRH(QYLURQPHQWDO5HVHDUFK&HQWHU
ZHEVLWH KWWSWHUFXFGDYLVHGX 

WKHQRUPDQGWKHORQJWHUPJRDO
PXVWEHVHHQDVDWWDLQLQJDOHYHORI
FODULW\ZKLFKRQDYHUDJHPHHWVWKH
EDVLQ·VVWDQGDUGV:LQWHU 'HFHPEHU
0DUFK FODULW\GHFOLQHGE\IHHW
WRIHHW P 7KHORZOHYHO
RIVQRZIDOOFRPSDUHGWRUDLQWKLV
\HDUFDXVHGWKHZDWHUHQWHULQJWKH
ODNHWREHZDUPHULQDQGWKLV
LQWURGXFHGILQHSDUWLFOHVFORVHUWRWKH
VXUIDFH6XPPHU -XQH6HSWHPEHU 
FODULW\LQ/DNH7DKRHLQZDV
IHHW P DIRRWGHFOLQH
RYHUWKHYDOXHIURP
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&KORURSK\OOD LQPJVTP IRUDOOWKH1RUWK/DNH7DKRHVLWHV7KH
GHWHUPLQDWLRQRIDORQJWHUPWUHQGLVFRPSOLFDWHGE\IOXFWXDWLQJ
ZDWHUOHYHODQGJDSVLQWKHGDWD(YHQZLWKLQRQH\HDUWKHUHDUHODUJH
YDULDWLRQVEHWZHHQVLWHV

,QODWHDWWKHUHTXHVWRIWKH753$7(5&XQGHUWRRNDUHYLHZRIDOO
WKHGDWDFROOHFWHGRQWKHVWDWXVRISHULSK\WRQWKHDWWDFKHGDOJDHRQWKH
URFNVDURXQGWKHODNHWKDWPRVWSHRSOHUHIHUWRDVVOLPH:DVWKHUHPRUHRI
LWQRZWKDQWKHUHKDGEHHQLQWKHSDVW":HUHVRPHDUHDVQDWXUDOO\ZRUVH
WKDQRWKHUV"
7(5&KDVFRQGXFWHGSHULSK\WRQPRQLWRULQJLQ/DNH7DKRHVLQFH
0RQLWRULQJRFFXUUHGIRUVHOHFWSHULRGVLQWKHV  DQGV
 1HDUFRQWLQXRXVPRQLWRULQJKDVRFFXUUHGVLQFHZLWKD
RQH\HDUJDSLQ3HULSK\WRQPRQLWRULQJKDVSULPDULO\IRFXVHGRQ
PHDVXULQJOHYHOVRIDOJDOELRPDVVDWVL[WRWHQ´URXWLQHµPRQLWRULQJVLWHV
DURXQGWKHODNH6DPSOHVRIDWWDFKHGDOJDHIRUPHDVXUHPHQWRIELRPDVV
KDYHEHHQFROOHFWHGIURPQDWXUDOURFNVXUIDFHVDWP LQFKHV EHORZ
WKHZDWHUOHYHODWWKHWLPHRIVDPSOLQJ,QDGGLWLRQRQFHHDFKVSULQJDQ
LQWHQVLYH´V\QRSWLFµVDPSOLQJRIDSSUR[LPDWHO\DGGLWLRQDOVLWHVLV
FRPSOHWHG7KLVV\QRSWLFVDPSOLQJLVWLPHGWRRFFXUZKHQSHULSK\WRQ
ELRPDVVLVEHOLHYHGWREHDWLWVVSULQJSHDN
:LWKUHVSHFWWRVSDWLDOFKDQJHVWKHWUHQGVDUHVRPHZKDWGHILQLWLYH
ZLWKDUHDVRIPHGLXPDQGKLJKGHYHORSPHQWGLVSOD\LQJKLJKHUOHYHOV
RISHULSK\WRQELRPDVV:KHWKHUWKLVLVGXHWRWKHSUHVHQFHRIWKH
GHYHORSPHQWLWVHOIRUZKHWKHULWLVDOVRWLHGWRWKHIDFWWKDWGHYHORSPHQW
RIWHQRFFXUUHGLQDUHDVRIIODWWHUODQG PHDGRZVZHWODQGVHWF KDV\HWWR
EHGHWHUPLQHG

0RUHRUOHVVVOLPH"
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7KHGLVWULEXWLRQRIDOJDH PHDVXUHG
DVFKORURSK\OO²D LVWKHUHVXOWRID
FRPELQDWLRQRIOLJKWDYDLODELOLW\QXWULHQW
DYDLODELOLW\PL[LQJSURFHVVHVDQG
WRDOHVVHUH[WHQWZDWHUWHPSHUDWXUH
7KLVILJXUHVKRZVFRORUFRQWRXUVRI
FKORURSK\OODFRQFHQWUDWLRQGRZQWR
DGHSWKRIIHHW%HORZWKLVGHSWK
FKORURSK\OODFRQFHQWUDWLRQVDUHQHDU
]HURGXHWRWKHDEVHQFHRIOLJKW/DNH

,Q

7DKRHKDVD´GHHSFKORURSK\OOPD[LPXPµ
LQWKHVXPPHUWKDWRFFXSLHVWKHUDQJH
RIIWLQWKHZDWHUFROXPQ,Q
WKDWGHSWKUDQJHWKHOLJKWDQGQXWULHQW
FRQGLWLRQVDUHPRVWIDYRUDEOHIRUDOJDO
JURZWK
 ,QWKHHDUO\SDUWRIWKH\HDUWKHDOJDH
ZHUHGLVWULEXWHGRYHUDJUHDWHUGHSWK
UDQJHEHFDXVHRIWKHPL[LQJSURFHVVHV
WKDWZHUHRFFXUULQJ:LWKWKHRQVHW

&KORURSK\OO D GLVWULEXWLRQ

% , 2 / 2 *<

RIWKHUPDOVWUDWLILFDWLRQLQVSULQJWKH
DOJDHZHUHFRQILQHGWRDGLVFUHWHEDQG
7KURXJKRXWWKH\HDUFRQFHQWUDWLRQV
GHFUHDVHGDVQXWULHQWVZHUHGHSOHWHG
,Q1RYHPEHUDQG'HFHPEHUWKH
FRPPHQFHPHQWRIPL[LQJDJDLQ
UHGLVWULEXWHGWKHDOJDHRYHUDEURDGHU
GHSWKUDQJH
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1RWH7KHZLGWKRIWKHFRORUHGEDQGGRHVQRWUHSUHVHQW
WKHDFWXDOGLPHQVLRQRIWKHRQVKRUHRIIVKRUHGLVWULEXWLRQ
6LPLODUO\LWVOHQJWKGRHVQRWUHSUHVHQWWKHSUHFLVH
ORQJLWXGLQDOH[WHQW

3HULSK\WRQELRPDVVZDVVXUYH\HGDURXQGWKHODNH
GXULQJWKHVSULQJRIZKHQLWZDVDWLWVDQQXDO
PD[LPXP1HDUO\ORFDWLRQVZHUHLQVSHFWHG
E\VQRUNHOVXUYH\LQIHHW P RIZDWHU$
3HULSK\WRQ%LRPDVV,QGH[ 3%, LVXVHGDVDQLQGLFDWRU
WRUHIOHFWZKDWWKHFDVXDOREVHUYHUZRXOGYLVXDOO\
GHWHFWORRNLQJLQWRWKHODNHIURPWKHVKRUHOLQH7KH
3%,LVGHILQHGDVWKHIUDFWLRQRIWKHORFDOERWWRPDUHD
FRYHUHGE\SHULSK\WRQPXOWLSOLHGE\WKHDYHUDJH
OHQJWK FP RIWKHDOJDOILODPHQWV7KH3%,KDGIHZHU
YHU\KLJKRFFXUUHQFHV 3%,! LQSRVVLEO\
GXHWRWKHORZODNHOHYHOVWKDWSUHYDLOHG,QVWHDGWKHUH
ZDVDJUHDWHUQXPEHURIPRGHUDWHDUHDV 3%, 
 HVSHFLDOO\RQWKHHDVWVKRUH$VODNHOHYHOIDOOV
GXULQJORZODNHOHYHO\HDUVWKHIWPHDVXUHPHQW
GHSWKLVLQFUHDVLQJO\GRPLQDWHGE\EOXHJUHHQVDW
PDQ\VLWHVLQFOXGLQJWKHHDVWVKRUHVLWHVUHVXOWLQJLQ
PRGHUDWHELRPDVVLQGH[YDOXHV LQFRQWUDVWWKHHDVW
VKRUHRIWHQKDVUHODWLYHO\ORZJURZWKRIDOJDHDWKLJKHU
ODNHOHYHOV 

,Q

6KRUHOLQHDOJDHGLVWULEXWLRQ
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 %LRPDVV,QGH[



'LVWULEXWLRQRI3HULSK\WRQ%LRPDVVDW
P'HSWK6SULQJ
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1LWURJHQ 1 LVLPSRUWDQWEHFDXVHLW
DORQJZLWKSKRVSKRUXV 3 VWLPXODWHV
DOJDOJURZWK7KH8SSHU7UXFNHH5LYHU
LVWKHODUJHVWRIWKHVWUHDPVWKDWIORZ
LQWR/DNH7DKRHFRQWULEXWLQJDERXW
SHUFHQWRIWKHLQIORZLQJZDWHU7KH
ULYHU·VFRQWULEXWLRQRIGLVVROYHGQLWUDWH

<HDUO\VLQFH

DQGWKHUHPDLQGHURIWKHWRWDOQLWURJHQ
ORDGDUHVKRZQKHUH7KH\HDUWR\HDU
YDULDWLRQVSULPDULO\UHIOHFWFKDQJHVLQ
SUHFLSLWDWLRQ)RUH[DPSOHKDG
LQFKHVRISUHFLSLWDWLRQDQGDORZ
QLWURJHQORDGZKLOHKDG
LQFKHVRISUHFLSLWDWLRQDQGDYHU\KLJK

QLWURJHQORDGKDGLQFKHVRI
SUHFLSLWDWLRQIROORZLQJZLWK
LQFKHVZLWKLQFKHVDQG
ZLWKLQFKHV7KHDYHUDJHDQQXDO
SUHFLSLWDWLRQLVLQFKHV 2QHPHWULF
WRQ SRXQGV 

1LWURJHQFRQWULEXWLRQE\8SSHU7UXFNHH5LYHU
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7KH/DNH7DKRH,QWHUDJHQF\0RQLWRULQJ
3URJUDP /7,03 PHDVXUHVQXWULHQW
DQGVHGLPHQWLQSXWIURPVHYHQRIWKH
ZDWHUVKHGVWUHDPV²DUHGXFWLRQRIWKUHH
VWUHDPVVLQFH7KHYDVWPDMRULW\RI
VWUHDPSKRVSKRUXVDQGQLWURJHQFRPHV
IURPWKH8SSHU7UXFNHH5LYHU7URXW
&UHHN%ODFNZRRG&UHHNDQG:DUG&UHHN
3ROOXWDQWORDGVIURPWKHZHVWVLGHVWUHDPV

,Q

ZHUHDIDFWRURIIRXUWRILYHORZHULQHDFK
RIWKHODVWIRXU\HDUVFRPSDUHGZLWK
7KHVXVSHQGHGVHGLPHQWZDVHLWKHUORZHU
WKDQRUVLPLODUWRODVW\HDU·VYDOXHV7KH
QRWDEOHH[FHSWLRQWRWKLVZDV:DUG&UHHN
DQG%ODFNZRRG&UHHNLQ&DOLIRUQLD$OO
WKHVHUHGXFWLRQVZHUHODUJHO\GXHWRWKH
HIIHFWVRIWKHGURXJKW

3ROOXWDQWORDGVIURPVHYHQZDWHUVKHGV
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7KH/7,03VWUHDPZDWHUTXDOLW\
SURJUDPLVVXSSRUWHGE\WKH86
*HRORJLFDO6XUYH\LQ&DUVRQ&LW\1HYDGD
8&'DYLV7(5&DQGWKH7DKRH5HJLRQDO
3ODQQLQJ$JHQF\$GGLWLRQDOIXQGLQJLQ
ZDVSURYLGHGE\WKH&DOLIRUQLD7DKRH
&RQVHUYDQF\DQGWKH/DKRQWDQ5HJLRQDO
:DWHU4XDOLW\&RQWURO%RDUG
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$QHDUVKRUHVWDWLRQLQWKHVKDOORZZDWHURI/DNH7DKRH

7(5&·V1HDUVKRUH1HWZRUNLVDV\VWHPRIZDWHUTXDOLW\VWDWLRQV
VSUHDGDURXQGWKHVKDOORZDUHDVRIWKHODNHWKDWFRQWLQXRXVO\PHDVXUH
ZDWHUTXDOLW\DQGSK\VLFDOFRQGLWLRQVHYHU\VHFRQGVDQGDOPRVW
LQVWDQWO\ORJVWKHGDWDWRWKHLQWHUQHW7KHFXUUHQWVHWRIVWDWLRQVKDYH
EHHQLQVWDOOHGZLWKVXSSRUWIURPSULYDWHSURSHUW\RZQHUVDQGKRPH
RZQHUDVVRFLDWLRQVDQGDUHLQVWDOOHGDWERWKSULYDWHGRFNVDQGSXEOLF
IDFLOLWLHV7KHPDSVKRZVWKHJHQHUDOORFDWLRQVRIWKHH[LVWLQJDQG
XQGHUFRQVWUXFWLRQVWDWLRQVDVZHOODVSRWHQWLDOORFDWLRQVRIIXWXUH
VWDWLRQV3OHDVHFRQWDFWWHUFLQIR#XFGDYLVHGXLI\RXDUHLQWHUHVWHGLQ
IXQGLQJDIXWXUHVWDWLRQ
7KHSXUSRVHRIWKHVWDWLRQVLVWRKHOSXQGHUVWDQGWKHYDULDELOLW\
RIFRQGLWLRQVLQWKHQHDUVKRUHDURXQGWKHODNHDQGWRLGHQWLI\WKH
VRXUFHVRIWKLVYDULDELOLW\8QWLOQRZLWKDVQRWHYHQEHHQSRVVLEOH
WRNQRZZKDW´QRUPDOµLVIRUPRVWZDWHUTXDOLW\SURSHUWLHV
&RQGLWLRQVFRXOGEHGULYHQE\QDWXUDOODNHSURFHVVHVE\SROOXWDQW
LQSXWVIURPGUDLQVVWUHDPVRUGLUHFWUXQRIIE\DFFLGHQWDOUHOHDVHV
RIFRQWDPLQDQWVRUE\FRPELQDWLRQVRIDOORIWKHVH(DFKRIWKHVH
FRXOGIRUFHDGHSDUWXUHIURP´QRUPDOµ:HQRZNQRZWKDW´QRUPDOµ
LVGLIIHUHQWGHSHQGLQJRQZKHUH\RXDUHDURXQGWKHODNH0RVW
LPSRUWDQWO\WKHZD\LQZKLFKQHDUVKRUHFRQGLWLRQVFDQEHLPSURYHG
GHSHQGVGLUHFWO\RQWKHXQGHUO\LQJFDXVHV

/RFDWLRQVRIH[LVWLQJDQGSODQQHGQHDUVKRUHQHWZRUNVWDWLRQV

9DULDELOLW\DURXQGWKHVKRUHOLQHRI/DNH7DKRH
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REGIONAL PLAN IMPLEMENTATION COMMITTEE
May 27, 2015

different and specific code would need to be added. The staff memo has preliminary draft
code in it.
Mr. Marshall said this is a conversion from CFA to TAU or vice versa and it is not about the
taking of existing TAUs and converting them to a larger TAU type of unit. That was
addressed in the Regional Plan and there are measures that address that, this is about the
conversion of those units. The comments regarding taking small units and making them
into larger units is a different issue than what we are discussing today.
Committee Comments & Questions
Mr. Lawrence said it is important and if the RPU is going to be successful, we need to figure
out a way to look at the existing commodities system and provide proper incentives for
getting infrastructure out of these stream zones. He agreed with some of the public
comments that SEZ restoration is going to be critical to our success in the future. There also
needs to be proper environmental analysis regarding this pilot program, but he is mindful
that there are provisions in the Code of Ordinances that are already in place as safeguards
for some the concerns that are being raised. It is not necessarily a bad thing if we end up
with more land coverage in town centers, but there are things in the Code that limit land
coverage. He supported moving forward with a recommendation.
Ms. Aldean said she had a conversation with staff off line about Table B-2 and the need to
make it more clear. Anything that is embedded into the Code of Ordinances needs to be
clearly understandable. Referring to the comment made earlier about giving applicants
more than a one 12 month extension, doesn’t the Code provide for some flexibility if in fact
a project is being diligently pursued and they are up against a three year deadline.
Mr. Marshall said yes, however, to distinguish between a project that has been permitted
and what is happening here which is pre-permit. The project that drives this is not the
restoration, but the allocation and then use of those converted units, it is the
restoration element.
Ms. Aldean asked if there is still flexibility at the staff level to extend the time that the
restoration can be completed if it is being diligently pursued.
Mr. Marshall suggested that we address that issue during the next step which involves
taking this proposed language and move it into significant review. There is specific Code of
Ordinance language that refers to the time period in which you must show restoration. If
we want to add flexibility we need to review what the pros and cons are and how we
would do that.
8
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Mr. Shute asked if this would be to come back with Code language in the environmental
review.
Mr. Marshall said that is correct and will work with RPIC on the language.
Mr. Yeates said he received an email today of a critique with the comparison of commercial
floor areas to tourist bonus unit conversions in the pilot. He asked if we are going to
have the ratio peer reviewed to ensure the ratio is appropriate.
Mr. Hester said they received the same email and there are two issues. There was an
assumption that it was existing development being converted and it is not. He is not sure
how relevant the first part of those comments are. The second part that relates to making
the math explicit ate and checking it, staff will do that and have their spreadsheet reviewed
again.
Mr. Shute said in addition to being a historic wetland that would be restored to a wetland
was the idea that it would be hydrologically connected to the Lake. This is important and
it would take a further Code amendment, but he would be more comfortable with that.
Ms. McMahon asked if the committee would like staff to include that in the pilot program
language.
Mr. Shute said yes, unless there is an objection from the committee.
Mr. Sevison asked if it could not be connected to the Lake if it is in the Basin.
Mr. Marshall said there are isolated wetlands, so that is a possibility. The way the current
Code of Ordinances is drafted for this program is for SEZs. Right now there is no
requirement for accessing this bonus pool as a direct connection to the Lake. If the
committee would like to impose that, it would be amending and adding a further restriction
on the existing categories of SEZs that would be available for this bonus conversion
program.
Mr. Bruce suggested that we look at maps before there is any kind of decision on whether
or not that is necessary. There can be some significant impacts for the Lake and the Basin
that don’t necessarily have that direct connection.
Mr. Shute said it would come back in a draft with analysis.
Mr. Cole asked for a clarification in that if it is hydrologically connected via culvert or
whatever, he would hope that it would be additional criteria to look at instead of making it
more restricted.
9
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Mr. Marshall said when they were talking about a direct hydrologic connection was when
we were looking at expanding the properties eligible beyond just currently mapped SEZs. It
was a link that if there was a property that was not SEZ but was in the floodplain that it
would be close enough to the Lake to make a difference. Because we can apply the current
Code to include both restored SEZ and SEZ, we did not need to add that additional language
which is why the direct hydrologic language was dropped, not because it was not important,
but rather because we did not need to expand the criteria. Staff can provide some examples
of what is and what was not.
Mr. Shute suggested leaving it at that because he believes that we can still get the benefit
without the connection. He feels that is it something that should come back to RPIC for
review when there is further information.
Ms. Aldean said if we wanted to make this part of the criteria, for example, if there are a
half of a dozen projects and half of those are hydrologically connected, they may score
higher because the assumption is that there is a greater benefit. It would not necessarily be
limiting, but it would be part of the criteria that is being used to evaluate the efficacy of a
project.
Mr. Marshall said one is the efficacy, a retroactive look at the efficacy of the project versus
a ranking of projects. He does not suggest that we do that because currently it is first come
first serve.
Ms. Aldean said it would be significantly limiting if the only projects that were eligible were
hydrologically connected may stifle the process. If it were just criterion that would be used
to evaluate multiple projects, then that would be appropriate.
Mr. Shute asked if these transfers can occur to an area outside a town center; he feels the
transfers should be to a town center.
Ms. Cannon said the transfers can only occur to a town center or regional center.
Mr. Shute asked if that is on the books currently.
Ms. Cannon said it is in the Code of Ordinances, Section 51.5.3.
Mr. Hester said staff will work on clarifying the table, check and document the spreadsheet,
clarify the reservation period visa via project extensions, analyze the option of direct
hydrologic connection to the Lake as a requirement, and ensure that it is only transfers to
centers.
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projects using ECM funds must result in Soil Conservation and/or Water Quality Threshold
gains. The ECM program amendments necessitate adjustments to the MOUs between TRPA and
the land banks.
The current ECM fee schedule has not been updated since 2007 due to implementation
difficulties. The ECM fee update is an opportunity to improve the feasibility of implementation,
program effectiveness, and better fulfill the ECM fee intent to reflect the land bank’s cost to
acquire and restore coverage. Amendments to Code Section 30.6.1.C.2 are proposed to
implement more feasible ECM Fee updates and align ECM fees with consistent regional sales
inflations, using an Annual Percentage Growth Rate methodology and index approach.
Coverage Transfers Across HRAs Policy Background and Issue Summary:
Land coverage is the most frequently traded commodity in the Tahoe Region. TRPA regulates the
ability to cover land in the Region through a set of coverage rules that differ by land capability,
property location, and whether the lot is vacant or previously developed. Land capability is a
classification system based on soils, hydrology, geomorphology, and vegetation that determines the
amount of development a site can support without experiencing soil or water degradation (The LandCapability Classification of the Lake Tahoe Basin, California-Nevada, A Guide for Planning by Bailey,
1974). Depending on the environmental sensitivity of the site as defined by the Bailey Land Capability
Classification or Individual Parcel Evaluation System (IPES), landowners are permitted base allowable
coverage between 1 and 30% of their property area. Landowners could transfer additional coverage
above the base allowable up to maximum parcel coverages, if the property is eligible pursuant to Code
Section 30.4.2. Coverage transferred from sensitive land must be permanently retired as set forth in
Code Section 30.4.3.G. and be restored and maintained to a natural state or near natural state (see
also Code Section 51.6).
Transfers of coverage are currently allowed only within the same Hydrologically Related Area (HRA).
The 1987 Regional Plan partitioned the Region into a series of nine HRAs and the geographic extent of
these HRAs is roughly based on the combination of several adjacent watersheds and negotiated
adjustments primarily to allow for adequate coverage transfer opportunities in each HRA (see Figure
1). The HRA concept description is provided in the 1984 EIS for the 1987 Regional Plan (p. II-17), which
states that “[t]he term “related hydrologic unit” has not yet been specifically defined. However, the
Agency will limit transfers of coverage to a reasonable distance from the receiving site, so that the
effect on water quality of coverage within the area is no worse than if the development were confined
to the respective parcels.”
Existing coverage policies limit transfers to within HRAs and therefore, constrain the supply and
increase the cost of coverage in some HRAs. The price and availability of coverage varies dramatically
throughout the Region from approximately $11/sq. ft. to $87/sq. ft. 1 The limited supply and high cost
can serve as impediments to environmental redevelopment of high capability areas in these HRAs. This
constraint results in a fragmented market with limited supplies of coverage and higher costs than
would be expected if potential sellers of coverage could compete Region-wide. An opportunity exists
1

See Staff Summary for January 27, 2015 for more detail: http://www.trpa.org/wpcontent/uploads/Draft_Coverage_WG_Memo_1_27_2015_FinalVersionFullPacket.pdf.
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Homewood Mountain Resort
2006 Restoration Treatment and Monitoring Report
Prepared by Rachel Arst, David Gibbs, and Michael Hogan

INTRODUCTION
Homewood Mountain Resort is a ski area located on the west shore of Lake
Tahoe in the town of Homewood, California (Figure 1). This report describes
restoration and monitoring activities done at Homewood Mountain Resort in
the summer and fall of 2006 by Integrated Environmental Restoration Services
(IERS). The project consisted of road removal/restoration treatments on three
types of disturbed sites to determine the most appropriate and cost effective
techniques for those sites. Following restoration treatment, these sites and
representative disturbed and native areas were monitored in order to compare
differences pre-and post treatment and to compare those site conditions to
comparative native sites. Monitoring data will be used to help determine
effectiveness of treatments in controlling sediment movement at its source and
to measure plant establishment. This data will help determine appropriate, site
specific treatments for future restoration work at Homewood Mountain Resort.
This information will be used as the foundation for an area wide road removal
and restoration program. Treatment planning and implementation has been
coordinated with both the Tahoe Regional Planning Agency (TRPA) and
Lahontan Regional Water Quality Control Board staff to maximize agency
feedback.
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Figure 1. Satellite image of Homewood Mountain Resort on the west shore of
Lake Tahoe.

PROJECT GOALS
The goals of the project are: 1) to remove and restore soft coverage (roads and
trails) 2) to restore and maximize soil function (hydrologic function and
nutrient cycling) 3) to establish mulch and vegetative cover through a variety of
treatments and 4) to maximize erosion reduction on treated areas.
Specific treatment goals for this project include:
x

Re-establishment of natural slope contours and drainage patterns to
stabilize disturbed soil and reconnect disrupted surface and subsurface
hydrology.

x

Increasing infiltration rates and soil water holding capacity by tilling (soil
loosening) and incorporating organic matter and fertilizer into the soil
and applying a native pine needle and/or woodchip mulch.
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x

Initiate a successional process that leads to diverse, mid-seral, selfsustaining, native grass and shrub plant communities.

More specifically, the following treatment questions were posed and are
intended to be answered through future monitoring efforts:
x

Site 31:
o Is there a difference in hydrologic or soil function when different
amounts of woodchips (2, 4 or 6 inches) are tilled into local
volcanic soils?
o Is there a difference in hydrologic or soil function when different
types of surface mulch (wood chips, tub grindings or pine needles)
are applied at the same rate?

x

Lower Lombard:
o Is there an improvement in soil nutrient status and availability
and/or in plant establishment and cover in volcanic soil when a
compost-type material is used as a soil amendment in addition to
organic fertilizer and tub grindings?

x

Site 37:
o Is there an improvement in infiltration/hydrologic function and
thus runoff and sediment yield potential from an abandoned
roadbed when established, mature vegetation is mowed but not
removed and the soil mechanically loosened?

SUCCESS CRITERIA
Success criteria are an essential element of project monitoring. Success criteria
should be quantitative wherever possible. We have developed these criteria to
1) determine treatment or implementation effects and 2) to determine long term
trends relative to erosion, vegetative cover and soil function. We use an
adaptive management process to develop, use and interpret success criteria.
This adaptive management process (Hogan, 2005) helps assure that success
criteria are linked to project goals.
The success criteria directly following treatment (time 0) are:
x

Depth to refusal averaging at 12 inches, as measured with a cone
penetrometer at 350 psi; and

x

Surface mulch cover of at least 98%.

These criteria are used to determine immediate treatment effects. Performance
monitoring will be done in subsequent seasons in order to determine how well
treatments are functioning relative to the previously stated goals.
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SITE DESCRIPTION
General Environment
Homewood Mountain Resort is situated on a steep, heavily forested mountain
environment on the west shore of Lake Tahoe, California (Figure 1). The soil is
generally derived from andesitic parent material and mixed glacial outwash,
with a relatively high amount of fine clay and silt size particles. Elevations
range from 6,230-7,880 feet above mean sea level (AMSL). The vegetation at
Homewood is typical of similar elevation environments on the west shore of
Lake Tahoe. The over-story is predominantly Jeffrey pine (Pinus jefferyi) and
white fir (Abies concolor) with some sugar pine (Pinus lambertiana) and incense
cedar (Calocedrus decurrens). Some red fir (Abies magnifica) is present at the
higher elevations. The under-story is mainly composed of two types of
Ceanothus: tobacco brush (Ceanothus velutinus) and whitethorn (Ceanothus
cordultus), as well as green leaf manzinita (Arctostaphylos patula). Scouler’s
willow (Salix scouleriana) predominates in the wetter areas. Few grasses and
forbs are present at Homewood in the forested areas.
Pre-Exisiting Conditions
Three different areas were treated and monitored during 2006. The following
are descriptions of the pre-treatment conditions.
Site 31
Site 31 is at 7,107 feet elevation and is a road that has recently been used to
remove felled trees from the area. Before IERS treatment, the road had a thin
layer of surface woodchips (<1 inch) and two water bars. There was very little
vegetation. The road has a slope of 8 degrees and faces 53 degrees east (Figures
2 and 3).

Figure 2: Site 31 pre-treatment. Sparse
vegetation was present on the road.

Figure 3: Site 31 post-treatment. Soil
surface was loosened with tilling and
mulch was added.
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Lower Lombard
The Lower Lombard site, at an elevation of 6,370 feet, is an old access road
which connects the ski trail Lombard Street with ‘maintenance building AA’
(Figure 4-6). This road area had large rills running the entire length of the
slope prior to treatment and was identified as having a high potential for
sediment yield. This road has a slope of 13 degrees and faces 102
degrees (south-east) and is surrounded by a tree covered slope with
approximately 30% canopy cover.

Figure 4. Lower Lombard site location.
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Figure 5. Lower Lombard pre-treatment.
Vegetation is not present and the soil is
highly compacted.

Figure 6. Lower Lombard posttreatment. Slope was re-contoured to
match natural slope angle and woody
debris and large rocks were added.

Site 37
Site 37, at an elevation of 6,992 feet, is and old road near the top of Overload
ski run. It runs eastward diagonally across the Shortcut and Drainpipe ski
runs approximately one hundred vertical feet below the top of Quail Chair. A
stand of mature shrub vegetation existed on the site which indicated that the
road had not been used for many years. However, the old road bed was still
highly compacted, as indicated by pre-treatment penetrometer analysis. Our
specific question on this site is whether tilling and additional organic matter
incorporation will result in a long term decrease in soil density and an increase
in infiltration (Figure 7). This site has a slope of 5 degrees and faces 22 degrees
north.

Figure 7. Site 37 after mowing treatment,
before other treatments.
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TREATMENT SUMMARIES
Site 31
Site 31 is 6,180 square feet and was divided into three plots of approximately
2,060 square feet each (Figure 8). The plots were labeled 1, 2 and 3. Each of
the three plots was then divided into three distinct treatment areas of
approximately 687 square feet. Different types of mulch were applied to the
three plots. Woodchips were used at plot 1, tub grindings were used at plot 2
and pine needle mulch was used at plot 3. Within the plots each treatment
area, labeled A, B or C, had different depths of woodchips tilled into the soil.
Treatment type A had 2” of woodchips, type B had 4” and type C had 6” (Figure
2).

Figure 8. Site 31 Treatment and Monitoring Map. This old road was divided into 3 plots
with different mulch types, which were sub-divided into 3 different treatment areas with
different amendment rates.

The woodchips were tilled into the soil using the bucket of a full size excavator
to a depth of at least 12”. Biosol organic fertilizer was applied at a rate of 2000
lbs/acre. The fertilizer was then hand raked to a depth of approximately 2
7

inches. The IERS Upland seed was applied at a rate of 125 lbs/acre (Table 1).
The seed was lightly raked into the soil with a spring rake. The three different
types of mulch were then applied at the appropriate plots to a depth of 2
inches. Mulch was applied so that at least 98% of the area was covered. Cover
was occularly estimated. Irrigation was not used.

Table 1: Upland Seed Mix

Common Name

Scientific Name

% Pure
Live
Seed

Squirreltail

Elymus elymoides

30.5%

Mountain Brome (Bromar)

Bromus carinatus

28.8%

Blue Wildrye (Stan 5000)

Elymus glaucus

21.8%

Bitterbrush

Purshia tridentata

8.7%

Blue Wildrye (Eldorado)

Elymus glaucus

6.1%

Greenleaf Manzanita

Ceanothus velutinus

1.3%

Sulfur flower buckwheat

Eriogonum umbellatum

1.3%

Wax currant

Ribes cereum

1.2%

Basin Big Sagebrush

Artemisia tridentata

0.2%

Lower Lombard
The Lower Lombard site covers 3,500 square feet and was divided into two
plots, plot A and plot B (Figure 9). Plot A is located on the upper third of the
site and is approximately one third the size of the entire site at 1,167 square
feet. Plot B occupies the lower two thirds of the site and is approximately 2,333
square feet. Tub grindings were spread over both plots to a depth of two inches.
A compost-type material1 (a blend of organic materials prepared at the Truckee
Teichert yard) was then spread one inch thick over Plot A. The tub grindings
and ‘compost’ material were tilled into the soil using the bucket of a mini
excavator to a depth of at least 12 inches. Biosol was then applied to the
surface of the treatment area at a rate of 2000 lbs/acre. The Biosol was hand
raked to a depth of approximately 2 inches. The IERS Upland seed mix was
applied at a rate of 125lbs/acre (Table 1). The seed was lightly raked into the
soil with a spring rake. Pine needle mulch was applied to both plots at an
average depth of 2 inches. Mulch was applied so that at least 98% coverage by
ocular estimate was achieved. Irrigation was not used.

1

This material is prepared per a formula developed by Ulf Griegoliet and tested by IERS. While it is not a compost
material per se (it did not go through a thermophillic compost process), it does consist of stable organic matter and is
low in available, mineral nitrogen.
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Figure 9. Map of Lower Lombard. Plot A had 1” of topsoil applied in addition to the
standard treatment.

Site 37
Site 37 is an abandoned road bed with green leaf manzanita, whitethorn and
tobacco brush as the dominant shrubs. While vegetation was well established,
the road bed remained highly compacted. Homewood staff mowed the shrub
stand to a height of approximately 3 inches and the chips were left on site.
IERS staff then applied various applications of wood chips and tilling work was
commenced. Snow fell before work was completed. Treatment is slated for
completion for the spring of 2007 (Figure 10). The soil in the plots was loosened
with tines attached to an excavator bucket to leave the root structure of the
established shrubs intact.
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Figure 10. Preliminary Site 37 Treatment Map.

MONITORING
Four sites were monitored in fall 2006: Site 31, Site 37, Lower Lombard (LL),
and a native reference site near Site 37 (Figure 10). At each site, soil
compaction was measured using an analog cone penetrometer. A penetrometer
is a metal rod with a pressure-sensing cone on the tip and a measuring dial on
the top. The penetrometer was pushed directly down into the soil until it
reached a pressure of 350psi. At this point, the depth it has traveled to, called
the depth to refusal (DTR), was recorded. Soil compaction is used as a
surrogate measurement for infiltration capacity and erosion potential. Highly
compacted soils are associated with low infiltration rates and high sediment
yields during storm events.
Soil moisture (percent water content) was measured using a moisture meter
which measures volumetric water content at a 4.75 inch depth.
Soil samples were taken at all four monitoring sites to determine pre-treatment
nutrient levels. All soil samples were comprised of three composited subsamples collected from the top 12 inches of the soil horizon. All soil samples
10

were sent to A&L Labs for S3C, a suite of macro and micronutrients as well as
organic matter, and total Kjehdahl nitrogen (TKN) nutrient analysis.
Rainfall simulation was conducted at Site 31 pre-treatment and posttreatment. The rainfall simulator “rains” on a three foot square plot from a
height of three feet. The rate of rainfall is controlled and the runoff is collected
from a trough at the bottom of a frame that captures the runoff. The collected
runoff samples are then analyzed for the amount of sediment present.

Figure 11. Rainfall simulator and frame.

Prior to treatment in 2006, soil compaction was measured at each site using a
cone penetrometer. All sites, except for the native reference site, were highly
compacted, with average DTRs of less than 4”. Following completion of
treatment in 2006, penetrometer measurements were taken at Site 31 and
Lower Lombard. The mean DTR for Sites 31 and Lower Lombard was
measured at 16 inches, suggesting a substantial decrease in soil compaction
following tilling (Figure 12).

11

Homewood Penetrometer Depths
Treatment Area
Lower Lombard

Native

Site 31

Site 37

0
Penetrometer DTR (inches)

2
4
6
8
10
12
14
16
18

Pre-treatment
Post-treatment

20

Figure 12. Pre and Post-treatment penetrometer depths. Note that
penetrometer depths increased significantly after tilling on both Lower
Lombard and Site 31. In both cases, penetrometer depth was greater than
the native reference site. Site 37 was not measured in 2006.

Soil moisture was measured pre-treatment at all four sites. The soil moisture
levels are within about 4% of each other, with Site 37 having the highest soil
moisture of the sites (Figure 13).
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Figure 13. Pre-treatment soil moisture levels. Similar soil moisture levels were
found at all the sites.
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Figure 14. Soil organic matter and TKN. Soil organic matter and TKN were highest
at Site 31 and below native reference levels at Lower Lombard and Site 37.
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The average organic matter and TKN levels for several native reference sites are
presented in Figure 15. Although the organic matter and TKN nutrient levels
vary across the different sites in the Tahoe Basin, all of the reference sites have
higher nutrient levels than the pre-treatment conditions measured at the three
Homewood Mountain treatment sites.

Organic Matter and TKN for Volcanic Native Sites
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Native Sites
Figure 15. Native reference organic matter and TKN levels. Volcanic soils around the
basin showing varying levels of TKN and organic matter.

Soil samples were taken at each treatment site, and a native reference sample
was collected for comparison. Soil organic matter and TKN were found to be the
highest at Site 31 (Figure 14). Site 31 differed from the other sites in two ways.
The lower section of the site had woodchips which had been applied to the
surface two seasons ago and were a source of organic matter. Had some wood
chips actually been mixed into the soil and had a chance to degrade, a higher
level of organic matter would be expected. Site 31 also differed from the other
two treatment sites in that the upper section contained a natural seep that
14

fostered more plant growth than observed at the other two treatment sites. The
wetter condition and increased plant growth at the upper end of this site would
have resulted in increased organic matter and TKN levels due to increased
biomass production. The other two treatment areas, Lower Lombard and Site
37, had relatively similar organic matter levels, which, as expected, were lower
than the native reference levels.
Rainfall simulations were conducted pre and post-treatment at the shown
locations. Two frames were “rained” on during each simulation (Table 1).

Table2. Rainfall simulation time to runoff.
Date
Pretreatment
10/24/06
Pretreatment
10/24/06
Posttreatment
11/01/06
Posttreatment
11/01/06

Frame #

Time to Runoff
(min:sec)

Avg Depth to
Wetting (in)

1

2:05

3.5

2

13:44

5.5

1

1:30

0.25

2

1:50

4.25

Directly following treatments, the runoff times were shorter and the depth to
wetting was lower than pre-treatment depths. This can be explained because
post-treatment, the wetting front did not reach much below the mulch layer
(about a 3” depth). Runoff flowed laterally through the mulch, so it was not
possible to measure true infiltration rates post-treatment. Next season, more
rainfall simulations will be performed to determine the infiltration rates one
year after treatment.
PROJECT GOALS
The following goals were met directly after treatment (Table 3).
Table 3. Project Goals
Goals
Re-establishment of natural slope contours
and drainage patterns to stabilize disturbed
soil and reconnect disrupted surface and
subsurface hydrology.

Goal achievement
x

When applicable, treatment areas were
re-contoured to match native slope
angles.

15

Goals
Increasing infiltration rates and soil water
holding capacity and decreasing surface
erosion by tilling and incorporating organic
matter and fertilizer into the soil and applying
a native pine needle and/or woodchip mulch.

Initiate a successional process that leads to
diverse, mid-seral, self-sustaining, native
grass and shrub plant communities.

Goal achievement
x

Penetrometer depth to refusal
measurements, which are an index of
infiltration capacity, increased
substantially following treatment (see
Figure 5).

x

Ground cover exceeded 98% at all sites
by ocular estimate. Increasing
infiltration and protecting the soil
surface are key steps toward
minimizing erosion.

x

Rainfall simulation will be performed
again next season to determine
infiltration rates.

x

Native seed was incorporated at the
sites that lacked vegetation. Next
season’s monitoring will determine
plant cover of the seeded species.

The success criterion was met for average penetrometer depths greater than
12” at 350 psi (Figure 5). The average penetrometer depths range from
approximately 15-18 inches.
CONCLUSIONS
Treatment goals were met at all three sites (Table 3). Deep tilling and addition
of organic matter decreased soil compaction and added soil organic matter and
nutrients. Infiltration is generally increased as soil density decreases. Erosion
potential is greatly reduced with ground coverage by mulch of greater than
90%. Baseline monitoring sets the foundation for understanding long term
performance trends. This year’s data will be compared with data gathered next
season to assess the performance of the treatment areas.
RECOMMENDATIONS
x

Monitoring, including rainfall simulation should take place during the
summer of 2007 after plants have become established so that
performance can be assessed.

x

Ideally, monitoring will continue for at least 3 years after treatments are
completed in order to determine performance trends and cost
effectiveness of those treatments.

SUMMARY
A large range of treatments have been installed at HMR during the 2006
season. Those treatments are expected to at least partially define the types of
treatments used throughout the mountain for road restoration and removal.
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This report links treatment to initial site monitoring. During the 2007 season,
additional treatments will be installed and existing treatments will be
monitored for function and erosion resistance. The approach is expected to set
a new standard of treatment and measurement in the Lake Tahoe Basin.
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SURFACE WATER QUALITY – QUANTIFICATION OF DESIGN BENEFITS FOR THE BOULDER
BAY COMMUNITY ENHANCEMENT PROJECT (CEP) STORMWATER TREATMENT SYSTEM
Overview
Meeting Lake Tahoe water quality improvement targets will require new tools, new approaches
and a level of accountability not currently employed. This document describes an existing
conditions assessment approach that helps to validate assumptions and sets a robust starting point
for what is intended to be a model water quality protection and improvement program for the Lake
Tahoe Basin.
Assessments such as this one depend for their accuracy on available data; the types of assumptions
made in the calculations and the understanding of the functionality of the treatment elements
within the water quality ‘treatment train’. We suggest that the process described in this document
may be the most robust approach to existing conditions calculations that has been done in the
Lake Tahoe-Truckee region. The reason for this claim is that we have used real-time water quality
data from the site and we have linked that to actual climate data from wet (including El Nino
years) and dry years in order to estimate the variance between types of water years (WYs). We
have also used relatively conservative BMP functionality values in order to incorporate some
additional confidence in the values stated. This approach, as far as we know, has not been used
before and sets a standard that we believe will offer a clear understanding of a starting point for
water quality improvement designs.
Perhaps the most important element of our design, besides the robust estimates of performance
that this document presents, is the fact that we have designed the system to treat more than the so
called ‘design storm’ or the 20 year-1 hour storm. We recognize that episodic, high flow runoff
events typically cause a greater impact than a 1–inch, 1-hour rainstorm, as was experienced in
October 2009 where a 2+ inch storm resulted in a great deal of water quality degradation in the
Lake Tahoe Basin. We believe, based on a large body of data and observation, that the 20-year /1hour (20yr/1hr) storm design criteria may be inadequate to meet water quality protection needs
and therefore have increased our capacity beyond that.
This document directly addresses the following question:

What is the benefit of the proposed Stormwater Management program (SWMP) for Alternative C
vs. implementation of the standard 20yr/1hr design specification? (DEIS Master Comment
Response 1)
To provide an answer to this question, the Boulder Bay staff worked with civil engineers at Lumos
and Associates and Dr. Mark Grismer PE and Michael Hogan of Integrated Environmental
Restoration Services (IERS).
The initial work completed by Lumos and Associates, was the development of a full BMP plan for
the Existing Conditions based upon the 20yr/1hr design standard. See Appendix P of the Boulder
Bay Community Enhancement Project (CEP) EIS for the stormwater management plan (SWMP) for
E20. The E20 SWMP is applicable for Alternatives A, B and E project areas. Additional BMP
capacity calculations were completed for the Proposed Project (Alternative C). These calculations
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are based on a SWMP that includes infiltration galleries, basins and trenches designed to the
20yr/1hr design standard and exclude any accommodation for Washoe County or Nevada
Department of Transportation (NDOT) impervious surfaces. The C20 SWMP components are
sized to accommodate the on-site infiltration of the 20yr/1hr storm volume. The 20yr/1hr design
standard also excludes the use of Low Impact Development (LID) strategies such as pervious
pavers, stormwater catchments, biological treatment swales and other dispersed biological
treatment facilities and green roofs.
The SWMP proposed for Alternative C (C100) includes components that are sized to
accommodate the on-site infiltration of the 50yr/1hr storm volume from the project area and
portions of NDOT and Washoe County ROWS, as described on pages 4.3-38 through 4.3-37 of
the EIS. Alternative C design proposes LID strategies such as pervious pavers, green roofs,
stormwater catchments and biological treatment swales (detailed in Appendix R) that decrease
effective coverage, attenuate peak runoff volumes, and increase the SWMP treatment capacity to
that of the 100yr/1hr storm volume. Table 4.3-12 presents the supporting calculations for capture
and infiltration of the 100yr/1hr storm volume for C100. Table AB-1 in Appendix AB identifies the
runoff volume reductions calculated for the proposed LID strategies. For purposes of this
supplemental analysis, the 100/yr/1hr storm is modeled for best quantification of the “over and
beyond” environmental improvements committed to for TRPA Community Enhancement Program
(CEP) participation.
Table 1 presents the comparison of scenarios one, two and three below to C100, represented by
scenario four and provides the reader with a clear understanding of the benefits of C100
communicated in terms of volume of untreated runoff that could exit the project area under each
of the scenarios:
1. Existing Conditions – Current project area without 20yr/1hr BMPs installed. This condition
was not used for loading comparisons but was included as requested by the League for
reference purposes.
2. E20 - Existing Conditions with 20yr/1hr BMPs installed.
3. C20 - Alternative C with 20yr/1hr BMPs installed.
4. C100 - Alternative C with a SWMP design to accommodate project area runoff as well as
NDOT and Washoe County ROW runoff, on-site infiltration of the 100 yr/1hr storm
volume with the use of LID strategies and the completion of EIP Project #732, Brockway
Residential Water Quality Improvement Project.
Boulder Bay does not assume credit for reductions of C100 vs. Existing Conditions. The “over and
beyond” of the project is communicated for C100 vs. E20 and C100 vs. C20. Table 1 summarizes
the predicted runoff results. For E20, C20 and C100 the SWMP contains all of the project area
water in the event of the 20yr/1hr storm. The total runoff including NDOT and Washoe County
ROWs for the 20yr/1hr storm is 16,428 cubic feet (CF) for E20, 0 CF for C20 and 0 CF for C100.
In the event of the 100-year/1-hour (100yr/1hr) storm event, the total runoff for the including
ROWs is 37,920 CF for E20, 21,488 CF for C20 and 0 CF for C100.
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C20

C100

Existing
Conditions
500

E20
Existing
Conditions
(20 yr
Design)***
22,647

Alternative C
(20 yr Design)
39,079

Alternative C
(100 yr Design)
58,152

none
500

none
22,647

none
39,079

12,838
70,990

20 yr - 1 hr storm Volume (CF)
Storm Volume Runoff (CF)

39,075
38,575

39,075
16,428

39,075
-4*

39,075
-31,915

50 yr - 1 hr storm Volume (CF)
Storm Volume Runoff (CF)

48,844
48,344

48,844
26,197

48,844
9,765

48,844
-22,146

100 yr - 1 hr Storm Volume (CF)
Storm Volume Runoff (CF)

60,566
60,066

60,567
37,920

60,567
21,488

60,567
-10,423

Project Area BMP Designs
BMP Capacity (CF)
LID elements (green roofs,
pervious pavers, cisterns) (CF)**
Total Capacity

*A negative storm volume runoff represents excess design capacity for the storm event.
**For C100, an estimate of capacity for the LID strategies is included for comparison purposes. The actual
capacity varies for the loading calculations depending on antecedent moisture due to previous weather..
***E20 results in runoff for the 20-year storm due to the contribution of NDOT and Washoe County ROW.
E20 does not include capacity for theses surfaces.

Table 1. Comparison of total runoff volumes for various designs and storms for project area
BMPs/SWMP
Loading Calculations
It is important to note that when stormwater is allowed to run off of the project area, that runoff
contains sediment (including fine sediment), nitrogen and phosphorus, the primary elements
leading to loss of Lake clarity. It is also critical to understand that the 20yr/1hr storm and the
100yr/1hr storm are design specifications and are not representative of how precipitation and
runoff actually occur. In reality, storms often occur in a series, which can result in nearly saturated
soils or partially filled storm-water infiltration galleries, tanks or detention basins, thereby reducing
conceptual design capacities of storm water management strategies. As a result, we could have a
relatively dry year in terms of total moisture, which produces significant runoff because the storms
that did occur were abnormally large or occurred in close succession. In order to truly understand
the potential for runoff, and as a result the transport of fine sediment, nitrogen and phosphorus, we
must model actual data to accommodate the following:
•
•
•
•

Multiple storms back-to-back;
Longer duration storms;
The timing of storm events (fall, winter, spring); and
The impact of periodic events such as El Nino years.
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In the narrative that follows, we describe how we approached this more robust analysis to both
evaluate Alternative C as well as providing an example of how stormwater management options
might be better evaluated in the Lake Tahoe Basin.

Methodology
The stormwater management analysis relied on two tracks of information associated in part with
some of the Total Maximum Daily Load (TMDL)-related studies of 2007-2008. First, IERS
assembled the event sediment concentration measurements by JBR & Assoc. on behalf of Boulder
Bay and combined those with the more complete runoff, sediment, nutrients and flow
measurements completed by Desert Research Institute (DRI) (Heyveart et al., 2008) (Attachment A)
for 2007. The DRI study included the Biltmore sampling site (BM) that includes roughly half of the
Boulder Bay project area (8.6 acres). Complete flow and concentrations measurements were
captured by DRI for 12 storm events through January 2008. The second track of information was
from the LSPC modeling coefficients1 (sediment loading factors per unit runoff) for the land-use
categories identified by DRI for the Crystal Bay area. The complete flow/concentration
hydrographs measured by DRI enabled calculation of the total runoff and sediment loads (as well
as nutrient loads) from each storm event measured. Comparison of the event and annual sediment
loads predicted from LSPC loading factors with that measured by DRI enabled re-calibration of the
LSPC-based sediment loading factors; resulting in a net increase of these factors by approximately
3.6 (see Figure 1 below). Also, the JBR event grab sampling data for 2008-09 (Appendix P of the
Boulder Bay CEP Project EIS) was found to be consistent with the more complete DRI data. By
using the LSPC coefficients approach, IERS was able to develop loading coefficients that were
specific to the land use categories included in the Boulder Bay project area as well as consistent
with the significant amount of independent loading data available from DRI. The coefficients
could then be matched to a routing model specifically developed for the Boulder Bay water
quality plan. This model allowed IERS to evaluate individual days and years of actual rain data to
determine how the system would perform under dry, wet and El Nino water years as opposed to
simply looking at aggregated averages.
The proposed project area (Alternative C) includes the more natural “park” area and slopes
associated with the site of the former Tahoe Mariner. IERS has developed the runoff and sediment
loading factors associated with soil restoration of such disturbed areas based on several years of
rainfall simulation studies. With the revised LSPC sediment loading factors per urban land-use
categories combined with the IERS developed factors for the pervious “park” area, IERS developed
net sediment loading factors for the entire proposed project area enabling determination of the net
sediment and nutrient loads that might be expected for a particular runoff event from the project
for each of the four scenarios Existing Conditions, E20, C20 and C100. Because DRI data is not
available for fine sediment particles (FSP) as a concentration of storm water runoff, a range of FSP
as a percent of total sediment (TSS) was used based on IERS and JBR field-monitoring data. Field
monitoring of disturbed soils runoff indicates FSP load is >50% of TSS load for granitic soils and

LSPC refers to the Load Simulation Program in C++, the modeling program that was used to determine load
reduction potential for the Lake Tahoe Total Maximum Daily Load (TMDL) study which the authors of this
paper participated in. http://www.epa.gov/athens/wwqtsc/html/lspc.html
1
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the JBR data reported levels as high as 90%. For modeling and reporting purposes, FSP <20
microns are reported as 60-90% of total sediment load2.

Figure 1. Relationship between event and annual sediment loading and runoff for LSPC based
factors and that measured by DRI.
Using the DRI data for the BM site, regressions (see Figure 2 below) between event sediment loads
(kg) and nutrient loads (g) enabled computation of nutrient loads per runoff event as well.
Although only nine points per regression are apparent in Figure 2, each point represents the
cumulative nutrient mass from multiple samples collected during the runoff hydrograph such that a
total mass per event could be determined. Such complete data is rarely available in the Lake
Tahoe Basin, much less used for loading analyses and is more than adequate to develop a robust
correlation. As with any predictive model, the robustness of these coefficients will increase as
more users collect rainfall and sediment data from other sites.
The second part of the analysis involved developing a routing/water-balance model of stormwater
runoff from the project area using rainfall records from the Tahoe City National Weather Service
(NWS) station (TAC) data. We considered runoff from the Existing Conditions, E20, C20 and C100
conditions as described above for comparison purposes.

2

TMDL literature has published different estimates for the appropriate threshold for characterization of FSP. Early
analysis reported a particle size of 8-10 microns as the particle size responsible for light scattering and thus loss of lake
clarity. More recent estimates have increased this particle size estimate to <16 microns and <20 microns in order to
increase the relevant population of particles within the TSS defined as FSP; the larger the population, the more restrictive
the requirement for treatment. For purposes of this study, IERS used the largest population <20 microns and thus the
most conservative requirement.
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Figure 2. Relationship between nutrient and sediment loads in runoff per event in 2007-08 WY.
Annual stormwater infiltration, storage and runoff quantities are obviously affected by daily
changes in rainfall, snowmelt and available facility capacities throughout the year, with generally
less “capacity” available during spring snowmelt periods due to nearly saturated soils and/or
during sequential storm periods. We examined the rainfall records used in the previous TMDL
analyses (1993-2004) and identified the 1993-94 and 1994-95 WYs as “dry” and “very-wet” years,
as well as 2007-08 and 2005-06 as more recent similarly “dry” and “wet” WYs, respectively. We
also included 1997-98 WY as a representation of the most recent El Nino year as requested by the
League. Net annual precipitation for these WYs are 15.9 and 61 inches, 13.4 and 47.4 inches,
and 44.6 inches, respectively, as compared to a long-term average annual precipitation at Tahoe
City of approximately 31 inches3. Additionally, the storm distributions during each of these WYs
vary, which in turn affects the amount of runoff and sediment loading generated. To provide a
graphical sense of this variation, Figure 3 illustrates the cumulative rainfall for these four WYs as
well as 2008-09; steeper step-wise increases are associated with repeated storm events. Note that
the rainfall of recent “dry” WYs is similar to the 1993-94, though more rapid accumulations of
precipitation occur early, mid and later in the WY. Similarly, though the Thanksgiving to New
Years rains of 2005 were substantial and resulted in significant stormwater contamination and
slope failures in and around the Lake Tahoe and Truckee region, the net accumulation is less than
that of the 1995 WY.

3

These data illustrate that simply using an average annualized data set over a number of WYs could be
misleading since a low precipitation year will usually produce a much smaller potential to move and deliver
sediment while a very wet WYs tends toward much higher sediment movement, which is not captured in the
‘average’ value.
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Figure 3. Accumulated rainfall at Tahoe City NWS gage for wet and dry WYs used in analysis.
IERS modeled the capture and possible runoff from a daily time-step for the 1994, 1995, 1998
2006 and 2008 WYs to determine sediment and nutrient loadings from the project area for: 1)
Existing Condition; 2) before re-development with only ‘standard’ 20yr/1hr BMPs installed (E20);
and 3) after implementation of Alternative C (C20 and C100). The LSPC model quantified the
effects of the different SWMP and related sediment loadings to down-gradient drainage and
stormwater systems and ultimately to Lake Tahoe for each WY. The modeling included soil
storage of stormwater volumes associated with pervious pavers, stormwater catchments, biological
treatment swales, green roofs and restored soils of the former Tahoe Mariner “park” site as well as
storage capacities summarized above for the three different scenarios considered. Infiltration and
soil storage capacities were taken from our measured field data of similar soils, while those for the
green roof, pervious pavers, biological treatment swales and stormwater catchments were taken
from soils data and available literature on “LID strategies”. Results of these modeling efforts are
summarized in Tables 2 and 3 below.

Dry Water Years
First considering dry WYs and despite a smaller annual precipitation in the 2008 as compared to
1994 WY, sediment and nutrient loadings under E20 are nearly twice as great due to the storm
sequencing in 2007-08. Implementation of interim C20 SWMP reduces the loading compared to
Existing Conditions in both dry years by roughly half. Implementation of the C100 contains the
stormwater runoff completely such that there is minimal to no discharges to down-gradient
drainage and stormwater systems and ultimately to Lake Tahoe. That is, 97-100% of the TSS and
FSP removed as compared to E20. Stormwater runoff from the site occurs on 6-7 days under E20
conditions and 2-6 days for the C20 conditions each dry year. To illustrate the daily variations in
loadings see Figure 4 as an example of the accumulated daily loadings for the 2008 dry WY. For
E20, C20 and C100, a dry year is forecasted contribute 4,374 lbs, 1,714 lbs and 134 lbs of FSP
respectively (ranges are provided in Table 2 and 3).
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(4a)

(4b)
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(4c)
Figure 4. Accumulated possible sediment and nitrogen loading to the Lake for E20, C20 and C100
under dry year conditions as encountered in the 2007-08 WY.
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E20
C20
C100
Existing
Existing
Conditions
Alternative C
Alternative C
Water Balance Model
Conditions
(20yr/1hr Design) (20yr/1hr Design) (100yr/1hr Design)
Possible Loads to Lake for Wet Water** Year (1994-95) - Annual ppt = 61 inches (EL NINO)
Total Sediment captured relative to E20 (lb)
NA
NA
12,743
28,365
Total Fines* captured relative to E20 (lb)
NA
NA
11,468
25,528
Total Phosphorous (TP) captured relative to E20 (lb)
NA
NA
24.9
55.5
Total Nitrogen (TN) captured relative to E20 (lb)
NA
NA
40.7
94.9
Total Sediment in Runoff (lb)
52,825
32,267
19,524 (-40%)
3,902 (-88%)
Fine Sediment* in Runoff (lb)
31,695 – 47,542 19,360 – 29,040
11,715 – 17,572
23,41 – 35,12
Total Phosphorous in Runoff (lb)
103.3
63.1
38.2
7.6
Total Nitrogen in Runoff (lb)
192.1
108.9
68.3
14.0
Possible Loads to Lake for Wet Water** Year (1997-98) - Annual ppt = 44.6 inches (EL NINO)
Total Sediment captured relative to E20 (lb)
NA
NA
3,935
16,060
Total Fines* captured relative to E20 (lb)
NA
NA
3,541
14,453
Total Phosphorous (TP) captured relative to E20 (lb)
NA
NA
7.7
31.4
Total Nitrogen (TN) captured relative to E20 (lb)
NA
NA
15.0
56.9
Total Sediment in Runoff (lb)
40,271
17,430
13,496 (-22%)
1,371 (-92%)
Fine Sediment* in Runoff (lb)
24,163 – 36,244 10,458 – 15,687
8,097 – 12,146
823 – 1,234
Total Phosphorous in Runoff (lb)
78.8
34.1
26.4
2.7
Total Nitrogen in Runoff (lb)
152.8
63.3
48.3
6.4
Possible Loads to Lake for Dry Water** Year (1993-94) - Annual ppt. = 15.9 inches
Total Sediment captured relative to E20 (lb)
NA
NA
1,126
2,695
Total Fines* captured relative to E20 (lb)
NA
NA
1,014
2,426
Total Phosphorous (TP) captured relative to E20 (lb)
NA
NA
2.2
5.3
Total Nitrogen (TN) captured relative to E20 (lb)
NA
NA
4.9
10.6
Total Sediment in Runoff (lb)
12,245
2,695
1,569 (-41%)
0 (-100%)
Fine Sediment* in Runoff (lb)
7,347 – 11,021
1,617 – 2,426
942 – 1,412
0-0
Total Phosphorous in Runoff (lb)
23.9
5.3
3.1
0.0
Total Nitrogen in Runoff (lb)
56.7
10.6
5.7
0.0
Table 2. Comparisons of sediment and nutrient loadings possible to Lake from project area before and after re-development for dry (199394), very-wet (1994-95) and El Nino (1997*1998) years. Existing Conditions without 20yr/1hr BMP Design provide for reference.
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E20
Existing
Existing
Conditions
Conditions
(20yr/1hr Design)
Water Balance Model
Possible Loads to Lake for Wet Water** Year (2005-06) - Annual ppt. = 47.4 inches
Total Sediment captured relative to E20 (lb)
NA
NA
Total Fines* captured relative to E20 (lb)
NA
NA
Total Phosphorous (TP) captured relative to E20 (lb)
NA
NA
Total Nitrogen (TN) captured relative to E20 (lb)
NA
NA
Total Sediment in Runoff (lb)
40,569
22,883
Fine Sediment* in Runoff (lb)
24,341 – 36,512 13,730 – 20,595
Total Phosphorous in Runoff (lb)
79.3
44.8
Total Nitrogen in Runoff (lb)
151.6
76.0
Possible Loads to Lake for Dry Water** Year (2007-08) - Annual ppt. = 13.4 inches
Total Sediment captured relative to E20 (lb)
NA
NA
Total Fines* captured relative to E20 (lb)
NA
NA
Total Phosphorous (TP) captured relative to E20 (lb)
NA
NA
Total Nitrogen (TN) captured relative to E20 (lb)
NA
NA
Total Sediment in Runoff (lb)
11,091
4,860
Fine Sediment* in Runoff (lb)
6,655 – 9,982
2,916 – 4,374
Total Phosphorous in Runoff (lb)
21.7
9.5
Total Nitrogen in Runoff (lb)
45.7
17.3

2,956
2,660
5.8
9.7
1,904 (-61%)
1,142 – 1,714
3.7
7.6

9,902
8,912
19.4
33.7
12,981 (-43%)
7,789 – 11,683
25.4
42.3

Alternative C
(20yr/1hr Design)

C20

4,712
4,240
9.2
16.4
148 (-97%)
89 - 134
0.3
0.9

20,921
18,829
40.9
69.0
1,962 (-91%)
1,177 – 1,766
3.8
6.9

Alternative C
(100yr/1hr Design)

C100

* Assuming fine sediment particles (FSP) <20 microns are 60-90% of total sediment load.
Field monitoring of disturbed soils runoff indicates FSP load is >50% of total sediment load for granitic soils.
** Based on Tahoe City daily rainfall that is greater than that at Crystal Bay

Table 3. Comparisons of sediment and nutrient loadings possible to Lake from project area before and after re-development for dry (200708) and wet (2005-06) WYs. Existing Conditions without 20yr/1hr BMP Design provide for reference.
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Wet Water Years
During the wet WYs; E20 conditions result in possible discharge of approximately 17,000 to
32,000 lbs of total sediment, 14,000 to 29,000 lbs of fine sediment, 34 to 63 lbs of total
phosphorous and 63 to 109 lbs of total nitrogen leaving the project area. The intermediate
strategy of C20 only reduces the loading compared to E20 by roughly 23-43% to ranges of 13,000
– 19,000 lbs total sediment, 8,000 to 18,000 lbs of fine sediment, 25 – 38 lbs total phosphorous
and 42 – 68 lbs total nitrogen. C100 implementation reduces loadings compared to existing
conditions by roughly 88% to 92% to ranges of 1,400-3,900 lbs total sediment, 800 to 3,500 lbs of
fine sediment, 3 – 8 lbs total phosphorous and 6 – 14 lbs total nitrogen. Stormwater runoff from
the project area occurs on 34-42 days under E20, 16-27 days for C20 and 3-5 days for C100 each
wet WY. Stormwater runoff from the project area occurs under C100 conditions only for a
substantial rain-on-snow event of 5.37 inches on New Year’s eve of 2005 and after sequential ~ 2
inch rain-on-snow days in January 1995. For comparison purposes, recall that the 20yr/1hr design
storm event is 1.0 inch while the 100yr/1hr storm event is estimated at 1.55 inches. Analogous to
Figure 4, Figure 5 illustrates the accumulated daily variation in possible loadings for the three
scenarios considered for the 2005-06 WY. Similar such figures can be generated for the 1994-95
and 1997-98 WYs as well.

(5a)
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(5b)

(5c)
Figures 5. Accumulated sediment and nitrogen loading to the Lake under wet year conditions as
encountered in the 2005-06 WY for E20, C20 and C100.
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Summary
The runoff and treatment efficiency that can be expected from Alternative C is presented here in a
manner that has not been done previously. Using real time, measured runoff data from 12 storms,
and actual climate data for a range of years and conditions, we have calculated runoff from
existing conditions and compared that to other treatment levels and storm events. While simple
summary statements are difficult to make, given the complexity of storms, antecedent soil moisture
conditions and other variables, the data shows that in wetter years, which represent worst-case
scenarios, both total sediment and total nitrogen output for C100 is over an order of magnitude
(10x +) less than those produced by E20 .

(6a)
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(6b)

Figures 6. Comparison of Annual Loading for E20, C20 and C100 Scenarios, Wet WY 1994-1995.
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Brockway Project Area Stormwater Runoff and Characterization Study
Desert Research Institute
Heyveart et al., March 28, 2008
(Selected Tables)
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APPENDIX B
Brockway Project Area Stormwater Runoff and Characterization Study, Desert Research Institute
Heyveart et al., March 28, 2008
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60,567
60,067

100 yr - 1 hr Storm Volume (CF)
Storm Volume Runoff (CF)

60,955
48,344
12,611
75,704
60,067
15,638

50 yr - 1 hr Storm Volume Runoff (CF)
Project Area
Washoe County/NDOT

100 yr - 1 hr Storm Volume Runoff (CF)
Project Area
Washoe County/NDOT

36,419
20,781
15,638

21,670
9,058
12,611

10,089
0
10,089

*A negative storm volume runoff represents excess design capacity for the storm event.
**For purposes of calculating Total storm runoff, excess capacity is not assumed to be additive.
***For the Public BMP Design, the capcity allocated to the contributing area is equal to the storm volume

48,664
38,575
10,089

18,334
4,349
13,985

10,959
0
10,959

8,436
0
8,436

C20
Alternative C
(20 yr Design)

E20
Existing Conditions
(20 yr Design)

Existing Conditions

20 yr - 1 hr Storm Volume Runoff (CF)
Project Area
Washoe County/NDOT

Project Area BMP Designs

15,638
13,985

12,611
10,959

10,089
8,436

C20
Alternative C
(20 yr Design)
1,653
0
1,653

60,567
4,349

48,844
-7,374

39,075
-17,142

C20
Alternative C
(20 yr Design)
39,079
17,139
0
56,218

8,436
10,959
18,334

15,638
15,638

C20

10,089
21,670
36,419

15,638
15,638

100 yr - 1 hr Storm Volume (CF)
Storm Volume Runoff (CF)

12,611
12,611

10,089
10,089

E20
Existing Conditions
(20 yr Design)
0
0
0

60,567
20,781

48,844
9,058

39,075
-710

E20
Existing Conditions
(20 yr Design)
22,647
17,139
0
39,786

E20

10,088
60,955
75,704

12,611
12,611

50 yr - 1 hr storm Volume (CF)
Storm Volume Runoff (CF)

Total 20yr - 1 hr Storm Volume Runoff (CF)
Total 50yr - 1 hr Storm Volume Runoff (CF)
Total 100yr - 1 hr Storm Volume Runoff (CF)

10,089
10,089

20 yr - 1 hr storm Volume (CF)
Storm Volume Runoff (CF)

Public BMP Designs
Washoe County BMP Capacity (CF)
NDOT BMP Capacity (CF)
Total Public BMP Capacity (CF)

Existing Conditions
0
0
0

48,844
48,344

50 yr - 1 hr storm Volume (CF)
Storm Volume Runoff (CF)

* Necessary to equalize areas between comparisons

39,075
38,575

Existing Conditions
500
0
0
500

20 yr - 1 hr storm Volume (CF)
Storm Volume Runoff (CF)

Project Area BMP Designs
BMP Capacity (CF)
Pervious area infiltration*, or Infiltration trenches (Alt. C) (CF)
LID elements (green roofs, pervious pavers, cisterns) (CF)
Total Capacity

Boulder Bay, LLC
Summary of Storm Volume Reduction
February 25, 2010

961
0
961

0
0
0

0
0
0

C100
Alternative C
(100 yr Design)

0
0
961

15,638
961

12,611
-2,066

10,089
-4,588

C100
Alternative C
(100 yr Design)
7,040
7,637
14,677

60,567
-21,359

48,844
-33,082

39,075
-42,851

C100
Alternative C
(100 yr Design)
66,518
2,282
13,125
81,926

C100

121068

468902

205662

Existing Conditions

1,126
1,014
2.2
4.9
1,569
942 - 1412
3.1
5.7
C20
Alternative C
(20 yr Design)
9,902
8,912
19.4
33.7
12,981
7789 - 11683
25.4
42.3
2,956
2,660
5.8
9.7
1,904
1142 - 1714
3.7
7.6

NA
NA
NA
NA
2,695
1617 - 2426
5.3
10.6
E20
Existing Conditions
(20 yr Design)
NA
NA
NA
NA
22,883
13730 - 20595
44.8
76.0
NA
NA
NA
NA
4,860
2916 - 4374
9.5
17.3

** Based on Tahoe City daily rainfall that is greater than that at Crystal Bay

* Assuming fine sediment particles (FSP) <20 microns are 60-90% of total sediment load.
Field monitoring of disturbed soils runoff indicates FSP load is >50% of total sedload for granitic soils.

Existing Conditions
Water Balance (LSPC) Model
Possible Loads to Lake for Wet Water** Year (2005-06) - Annual ppt. = 47.4 inches
NA
Total Sediment captured relative to E20 (lb)
NA
Total Fines* captured relative to E20 (lb)
NA
Total Phosphorous (TP) captured relative to E20 (lb)
NA
Total Nitrogen (TN) captured relative to E20 (lb)
40,569
Total Sediment in Runoff (lb)
24341 - 36512
Fine Sediment* in Runoff (lb)
79.3
Total Phosphorous in Runoff (lb)
151.6
Total Nitrogen in Runoff (lb)
Possible Loads to Lake for Dry Water** Year (2007-08) - Annual ppt. = 13.4 inches
NA
Total Sediment captured relative to E20 (lb)
NA
Total Fines* captured relative to E20 (lb)
NA
Total Phosphorous (TP) captured relative to E20 (lb)
NA
Total Nitrogen (TN) captured relative to E20 (lb)
11,091
Total Sediment in Runoff (lb)
6655 - 9982
Fine Sediment* in Runoff (lb)
21.7
Total Phosphorous in Runoff (lb)
45.7
Total Nitrogen in Runoff (lb)

Possible Loads to Lake for Dry Water** Year (1993-94) - Annual ppt. = 15.9 inches
NA
Total Sediment captured relative to E20 (lb)
NA
Total Fines* captured relative to E20 (lb)
NA
Total Phosphorous (TP) captured relative to E20 (lb)
Total Nitrogen (TN) captured relative to E20 (lb)
NA
12,245
Total Sediment in Runoff (lb)
7347 - 11021
Fine Sediment* in Runoff (lb)
23.9
Total Phosphorous in Runoff (lb)
56.7
Total Nitrogen in Runoff (lb)

3,935
3,541
7.7
15.0
13,496
8097 - 12146
8,097
12,146
26.4
48.3

Possible Loads to Lake for Wet Water** Year (1997-98) - Annual ppt = 44.6 inches (EL NINO)
NA
NA
Total Sediment captured relative to existing conditions (lb)
NA
NA
Total Fines* captured relative to existing conditions (lb)
NA
NA
Total Phosphorous (TP) captured relative to existing (lb)
NA
NA
Total Nitrogen (TN) captured relative to existing conditions (lb)
40,271
17,430
Total Sediment in Runoff (lb)
24163 - 36244
10458 - 15687
Fine Sediment* in Runoff (lb)
10,458
60%
24,163
15,687
90%
36,244
78.8
34.1
Total Phosphorous in Runoff (lb)
152.8
63.3
Total Nitrogen in Runoff (lb)

C20
Alternative C
(20 yr Design)

12,743
11,468
24.9
40.7
19,524
11715 - 17572
11,715
17,572
38.2
68.3

NA
NA
NA
NA
52,825
31695 - 47542
31,695
47,542
103.3
192.1

E20
Existing Conditions
(20 yr Design)

NA
NA
NA
NA
32,267
19360 - 29040
19,360
29,040
63.1
108.9

Total Sediment captured relative to E20 (lb)
Total Fines* captured relative to E20 (lb)
Total Phosphorous (TP) captured relative to E20 (lb)
Total Nitrogen (TN) captured relative to E20 (lb)
Total Sediment in Runoff (lb)
Fine Sediment* in Runoff (lb)
60%
90%
Total Phosphorous in Runoff (lb)
Total Nitrogen in Runoff (lb)

Possible Loads to Lake for Wet Water** Year (1994-95) - Annual ppt = 61 inches (EL NINO)

Water Balance (LSPC) Model

4,712
4,240
9.2
16.4
148
89 - 134
0.3
0.9

20,921
18,829
40.9
69.0
1,962
1177 - 1766
3.8
6.9

2,695
2,426
5.3
10.6
0
0-0
0.0
0.0
C100
Alternative C
(100 yr Design)

16,060
14,453
31.4
56.9
1,371
823 - 1234
823
1,234
2.7
6.4

28,365
25,528
55.5
94.9
3,902
2341 - 3512
2,341
3,512
7.6
14.0

C100
Alternative C
(100 yr Design)

60.8%
60.8%
60.8%
56.0%

43.3%
43.3%
43.3%
44.4%

96.9%
96.9%
96.9%
94.8%

91.4%
91.4%
91.4%
90.9%

Removal Fraction Removal Fraction
C20 vs. E20
C100 vs. E20

100.0%
100.0%
100.0%
100.0%

92.1%
89.9%

22.6%
23.7%

41.8%
41.8%
41.8%
46.5%

92.1%
92.1%

87.9%
87.1%

39.5%
37.3%

22.6%
22.6%

87.9%
87.9%

39.5%
39.5%

Removal Fraction Removal Fraction
C20 vs. E20
C100 vs. E20

56.2%
56.2%
56.2%
62.0%

43.6%
43.6%
43.6%
49.9%

Removal Fraction
C20 vs. E19

78.0%
78.0%
77.9%
81.3%

56.7%
58.6%

56.7%
56.7%

38.9%
43.3%

38.9%
38.9%

Removal Fraction
E20 vs. Existing

100.0%
100.0%
100.0%
100.0%

96.6%
95.8%

96.6%
96.6%

92.6%
92.7%

92.6%
92.6%

82.8%
82.8%
82.8%
83.3%

68.0%
68.0%
68.0%
72.1%

98.7%
98.7%
98.7%
98.0%

95.2%
95.2%
95.2%
95.4%

Removal Fraction Removal Fraction
C20 vs. E20
C100 vs. E20

87.2%
87.2%
87.2%
90.0%

66.5%
68.4%

66.5%
66.5%

63.0%
64.5%

63.0%
63.0%

Removal Fraction Removal Fraction
C20 vs. Existing C100 vs. Existing
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Boulder Bay LLC
Alternative C
BMP Contributing Areas - With TMDL Reduction Implementations
April 20, 2009
Area
Buildings A and B (Gallery 2)
12,134 Building A
Contributing Areas (SF)
0 Building B
1,359 ADA Ramp at Park Entrance
Lakeview and Wassau (Washoe
19,833 County)
Total Contributing Area
(SF)
North Entrance (Gallery 3)
Contributing Areas (SF)

9,525 Entrance and Wellness Drive

Crystal Bay Motel (Basin 3)
Contributing Areas (SF)

Factor
20%
100%
50%

TMDL Reduction
3,033
21,151
329

Pervious Paver

15,140

50%

7,570

SW Catchment

15,987

100%

15,987

Pervious Paver

4,948

50%

2,474

Green Roof

17,280

20%

3,456

SW Catchment
SW Catchment

17,689
6,456

100%
100%

17,689
6,456

Green Roof
Pervious Paver
Pervious Paver

18,256
8,434
12,093

20%
50%
50%

3,651
4,217
6,047

Pervious Paver

498

50%

249

Pervious Paver

3,317

50%

1,659

Pervious Paver

5,066

50%

2,533

Pervious Paver

2,521

50%

1,261

27,001

Building G (Infiltration Galleries 5, 6 & 7)
13,824 Building G
Contributing Areas (SF)
162 Building G Patio
Total Contributing Area
(SF)

TMDL SF
15,167
21,151
658

33,326

Total Contributing Area
(SF)
9,525
50yr/1hr Storm Accumulation (in)****
Building C (Gallery 4)
21,533 Building C
Contributing Areas (SF)
972 Porte Cochere
4,496 North Portion of Boulder Way
Total Contributing Area
(SF)

TMDL Strategy
Green Roof
SW Catchment
Pervious Paver

13,986

18,868 Hwy 28 (NDOT)
12,621 Crystal Bay Motel Site

Total Contributing Area
(SF)
31,489
100yr/1hr Storm
Accumulation (in)****
Nugget Parking Lot (Basin 4 and Gallery 10)
18,100 Nugget Parking Lot
Contributing Areas (SF)
1,443 Entrance to Nugget Parking Lot
Total Contributing Area
(SF)

19,543

Southwest Project Site (Basins in southwest corner/Gallery 8)
7,486 Building D
Contributing Areas (SF)
11,556 Building E
12,679 Building F
17,833 Building H
10,272 Interior Road Portion
19,067 Interior Road Portion
24,638 Patio between Bldgs D&F
9,594 Patio below Building F
107 Driveway Entrance to Building D
1,467 Building H Patio
Total Contributing Area
(SF)
114,698
Infiltration Trench 1 (Behind Bldg A)
1,660 Path behind Bldg A
Contributing Areas (SF)
Total Contributing Area
(SF)

1,660

Infiltration Trench 2 (In front of Bldg C & G)
6,113 Sidewalk in front of Bldg C & G
Contributing Areas (SF)
271 Entrance Walkway to Bldg G
Total Contributing Area
(SF)
6,384
Infiltration Trench 3 (In Front of Bldg H)
2,998 Sidewalk in front of Bldg H
Contributing Areas (SF)
Total Contributing Area
(SF)

2,998

Infiltration Trench 4 (Southwest Corner of Site)

Boulder Bay LLC
Alternative C
BMP Contributing Areas - With TMDL Reduction Implementations
April 20, 2009
Contributing Areas (SF)

2,205 Sidewalk at southwest corner of site

Total Contributing Area
(SF)

2,205

Infiltration Trench 5 (Park - Trails)
Contributing Areas (SF)
4,498 Park - Trails and Ammenities
Total Contributing Area
(SF)
Gallery 9 (California Site)
Contributing Areas (SF)

Total Contributing Area
(SF)

4,498

NDOT Contribution from Brockway
Existing Conditions Analysis by Placer
54,450 County
32,386 Washoe County above 28
15,363 Washoe County below 28
102,199

Pervious Paver

3,261

50%

1,631
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3-Oct-08
Ammonia, as Nitrogen (NH3)
Total Suspended Solids (TSS)
Dissolved Phosphorus as P (DP-P)
Total Phosphorus as P (TP-P)
Nitrate Nitrogen (NO3-N)
Nitrite Nitrogen (NO2-N)
Total Kjeldahl Nitrogen (TKN)
Total Nitrogen (TN)
Turbidity (Nephelometric)
Oil & Grease (Gravimetric)
Total Iron (Fe)
TSS >25um
% TSS <25 um
Estimate Q

Ammonia, as Nitrogen (NH3)
Total Suspended Solids (TSS)
Dissolved Phosphorus as P (DP-P)
Total Phosphorus as P (TP-P)
Nitrate Nitrogen (NO3-N)
Nitrite Nitrogen (NO2-N)
Total Kjeldahl Nitrogen (TKN)
Total Nitrogen (TN)
Turbidity (Nephelometric)
Oil & Grease (Gravimetric)
Total Iron (Fe)
TSS >25um

South Basin
Area (Basin 3,4,5)
Coverage

Ammonia, as Nitrogen (NH3)
Total Suspended Solids (TSS)
Dissolved Phosphorus as P (DP-P)
Total Phosphorus as P (TP-P)
Nitrate Nitrogen (NO3-N)
Nitrite Nitrogen (NO2-N)
Total Kjeldahl Nitrogen (TKN)
Total Nitrogen (TN)
Turbidity (Nephelometric)
Oil & Grease (Gravimetric)
Total Iron (Fe)
TSS .25um

North Basin
Area (Basin 6)
Coverage
Fraction
Pj
0.90
0.90
0.90
0.90
0.90
0.90
0.90
0.90
0.90
0.90
0.90
0.90

1.80
460.00
0.45
1.10
0.51
0.01
5.10
5.60
310.00
2.30

0.14

0.23

C4

1.60
92.00
0.48
0.12
1.40
0.11
4.10
5.60
93.00
2.00

C3

6.10 (Basin 3, 4, 5)
5.49
Annual Rainfall
Fraction
P
Pj
31.49
0.90
31.49
0.90
31.49
0.90
31.49
0.90
31.49
0.90
31.49
0.90
31.49
0.90
31.49
0.90
31.49
0.90
31.49
0.90
31.49
0.90
31.49
0.90

9.20
3.59
Annual Rainfall
P
31.49
31.49
31.49
31.49
31.49
31.49
31.49
31.49
31.49
31.49
31.49
31.49

STORMWATER - ANNUAL LOADING ESTIMATES

0.15

1.50
110.00
0.44
1.00
1.10
0.12
4.00
5.30
86.00
2.40

C5

Impervious
Ia
0.90
0.90
0.90
0.90
0.90
0.90
0.90
0.90
0.90
0.90
0.90
0.90

Impervious
Ia
0.39
0.39
0.39
0.39
0.39
0.39
0.39
0.39
0.39
0.39
0.39
0.39

Boulder Bay - Annual Laoding Estimates based on Stormwater Monitoring (2008-2009)

0.02

3.10
200.00
1.30
2.00
2.30
0.13
9.50
12.00
140.00
2.00

C6

0.06

0.82
1,400.00
0.25
0.66
1.30
0.17
6.50
8.00
1,300.00
2.10

C9

Runoff
Annual Runoff
Rv
R
0.86
24.37
0.86
24.37
0.86
24.37
0.86
24.37
0.86
24.37
0.86
24.37
0.86
24.37
0.86
24.37
0.86
24.37
0.86
24.37
0.86
24.37
0.86
24.37

Runoff
Annual Runoff
Rv
R
0.40
11.365
0.40
11.365
0.40
11.365
0.40
11.365
0.40
11.365
0.40
11.365
0.40
11.365
0.40
11.365
0.40
11.365
0.40
11.365
0.40
11.365
0.40
11.365

C14

0.45
313.33
0.18
0.78
0.34
0.04
1.43
1.81
239.17
9.00
4.73
235.33

C3

0.44
241.17
0.16
0.68
0.20
0.02
1.41
1.62
344.83
6.05
4.80
93.67

C4

Concentration
C5
C6
0.49
0.80
1,205.33
444.00
0.23
0.49
0.59
1.23
0.40
0.65
0.04
0.04
2.46
3.11
2.91
3.81
376.17
217.00
13.80
9.25
5.31
5.32
312.83
328.83

Concentration
C9
C14
0.29
0.05
848.00
566.67
0.23
0.10
0.98
0.56
0.34
0.08
0.04
0.02
2.06
0.41
2.45
0.50
702.00
330.00
9.82
5.33
8.36
9.30
264.00
454.00

C(Avg)
0.58
654.22
0.30
0.87
0.46
0.04
2.34
2.84
277.44
10.68
5.12
292.33

C(Avg)
0.26
551.94
0.16
0.74
0.21
0.03
1.29
1.52
458.94
7.07
7.49
270.56

Area
A

Area
A

6.10
6.10
6.10
6.10
6.10
6.10
6.10
6.10
6.10
6.10
6.10
6.10

9.20
9.20
9.20
9.20
9.20
9.20
9.20
9.20
9.20
9.20
9.20
9.20

Annual Load
L
19
21,983
10
29
16
1
78
96
NA
359
172
9,823

Annual Load
L
6
13,042
4
17
5
1
31
36
NA
167
177
6,393

Annual Load
Total B1 +B2
26
35,025
14
47
21
2
109
132
NA
526
349
16,216

22-Jan-09
Ammonia, as Nitrogen (NH3)
Total Suspended Solids (TSS)
Dissolved Phosphorus as P (DP-P)
Total Phosphorus as P (TP-P)
Nitrate Nitrogen (NO3-N)
Nitrite Nitrogen (NO2-N)
Total Kjeldahl Nitrogen (TKN)
Total Nitrogen (TN)
Turbidity (Nephelometric)
Oil & Grease (Gravimetric)
Total Iron (Fe)
TSS >25um
% TSS <25 um
Estimate Q

0.09
240.00
0.10
0.17
0.08
0.03
0.55
0.66
520.00
23.00
2.60
40.00
83%
0.233

2-Jan-09
Ammonia, as Nitrogen (NH3)
Total Suspended Solids (TSS)
Dissolved Phosphorus as P (DP-P)
Total Phosphorus as P (TP-P)
Nitrate Nitrogen (NO3-N)
Nitrite Nitrogen (NO2-N)
Total Kjeldahl Nitrogen (TKN)
Total Nitrogen (TN)
Turbidity (Nephelometric)
Oil & Grease (Gravimetric)
Total Iron (Fe)
TSS >25um
% TSS <25 um
Estimate Q

0.18
1,300.00
0.12
0.87
0.18
0.05
0.56
0.79
580.00
16.00
18.00
1,200.00
8%
0.233

C3
0.06
380.00
0.12
0.44
0.17
0.06
0.20
0.42
700.00
4.90
14.00
270.00
29%
0.14

C4

0.14
320.00
0.07
0.19
0.26
0.04
0.75
1.10
580.00
16.00
4.40
76.00
76%
0.14

C4

0.12

0.21

C3

0.53
37.00
0.16
1.60
0.11
0.01
0.93
1.00
39.00
3.00

C4

0.71
36.00
0.17
2.90
0.26
0.01
2.50
2.80
35.00
4.30

C3

1-Nov-08
Ammonia, as Nitrogen (NH3)
Total Suspended Solids (TSS)
Dissolved Phosphorus as P (DP-P)
Total Phosphorus as P (TP-P)
Nitrate Nitrogen (NO3-N)
Nitrite Nitrogen (NO2-N)
Total Kjeldahl Nitrogen (TKN)
Total Nitrogen (TN)
Turbidity (Nephelometric)
Oil & Grease (Gravimetric)
Total Iron (Fe)
TSS >25um
% TSS <25 um
Estimate Q

0.22
6,700.00
0.11
0.89
0.15
0.06
0.54
0.74
1,700.00
39.00
29.00
1,700.00
75%
0.145

C5

0.14
230.00
0.06
0.08
0.20
0.04
1.50
1.80
250.00
28.00
1.10
60.00
74%
0.145

C5

0.13

1.00
38.00
0.71
1.20
0.87
0.01
7.90
8.70
59.00
4.00

C5

Boulder Bay - Annual Laoding Estimates based on Stormwater Monitoring (2008-2009)

0.12
2,000.00
0.14
2.30
0.14
0.01
0.47
0.60
680.00
23.00
27.00
1,700.00
15%
0.022

C6

0.14
220.00
0.27
0.33
0.39
0.03
1.10
1.50
250.00
16.00
1.30
120.00
45%
0.022

C6

0.02

1.10
45.00
0.97
1.80
0.75
0.01
6.10
6.90
64.00
3.40

C6

0.08
1,300.00
0.31
1.00
0.12
0.01
0.51
0.63
1,100.00
7.00
30.00
840.00
35%
0.06

C9

C9

0.05

0.44
610.00
0.43
2.20
0.22
0.01
2.20
2.40
330.00
7.00

C9

0.05
760.00
0.22
0.61
0.20
0.05
0.34
0.58
600.00
5.70
20.00
550.00
28%
0.133

C14

C14

C14

Average
Ammonia, as Nitrogen (NH3)
Total Suspended Solids (TSS)
Dissolved Phosphorus as P (DP-P)
Total Phosphorus as P (TP-P)
Nitrate Nitrogen (NO3-N)
Nitrite Nitrogen (NO2-N)
Total Kjeldahl Nitrogen (TKN)
Total Nitrogen (TN)
Turbidity (Nephelometric)
Oil & Grease (Gravimetric)
Total Iron (Fe)
TSS >25um
% TSS <25 um

0.05
160
0.066
0.31
0.054
0.01
0.05
0.07
57
5.9
4.2
160.00
0%

2-Mar-09
Ammonia, as Nitrogen (NH3)
Total Suspended Solids (TSS)
Dissolved Phosphorus as P (DP-P)
Total Phosphorus as P (TP-P)
Nitrate Nitrogen (NO3-N)
Nitrite Nitrogen (NO2-N)
Total Kjeldahl Nitrogen (TKN)
Total Nitrogen (TN)
Turbidity (Nephelometric)
Oil & Grease (Gravimetric)
Total Iron (Fe)
TSS >25um
% TSS <25 um
Estimate Q

0.45
313.33
0.18
0.78
0.34
0.04
1.43
1.81
239.17
9.00
4.73
235.33
25%

C3

C3

0.054
52
0.12
0.29
0.096
0.01
0.84
0.94
150
2.8
3.6
12.00
77%

C3

22-Feb-09
Ammonia, as Nitrogen (NH3)
Total Suspended Solids (TSS)
Dissolved Phosphorus as P (DP-P)
Total Phosphorus as P (TP-P)
Nitrate Nitrogen (NO3-N)
Nitrite Nitrogen (NO2-N)
Total Kjeldahl Nitrogen (TKN)
Total Nitrogen (TN)
Turbidity (Nephelometric)
Oil & Grease (Gravimetric)
Total Iron (Fe)
TSS >25um
% TSS <25 um
Estimate Q

0.44
241.17
0.16
0.68
0.20
0.02
1.41
1.62
344.83
6.05
4.80
93.67
61%

C4

0.05
100
0.083
0.28
0.066
0.01
0.05
0.07
80
5.3
4.1
66.00
34%

C4

0.080
150
0.064
0.46
0.10
0.01
1.4
1.5
360
4.8
6.3
150.00
0%

C4

0.49
1,205.33
0.23
0.59
0.40
0.04
2.46
2.91
376.17
13.80
5.31
312.83
74%

C5

0.054
130
0.030
0.27
0.023
0.01
0.75
0.78
150
7.1
1.3
93.00
28%

0.05
24
0.040
0.075
0.054
0.01
0.083
0.14
12
2.3
0.48
24.00
0%

C5

C5

Boulder Bay - Annual Laoding Estimates based on Stormwater Monitoring (2008-2009)

0.16
79
0.01
0.52
0.19
0.01
1.2
1.4
120
7.2
1.4
53.00
33%

0.80
444.00
0.49
1.23
0.65
0.04
3.11
3.81
217.00
9.25
5.32
328.83
26%

C6

0.16
120
0.23
0.45
0.12
0.050
0.30
0.47
48
3.9
2.2
100.00
17%

C6

C6

0.29
848.00
0.23
0.98
0.34
0.04
2.06
2.45
702.00
9.82
8.36
264.00
69%

C9

0.058
320
0.13
0.63
0.041
0.01
0.092
0.13
170
5.0
4.1
280.00
13%

C9

0.05
610
0.050
0.42
0.015
0.017
1.0
1.1
610
28
7.7
200.00
67%

C9

0.05
566.67
0.10
0.56
0.08
0.02
0.41
0.50
330.00
5.33
9.30
454.00
20%

C14

0.05
800
0.055
0.91
0.01
0.01
0.42
0.42
200
4.4
4.5
730.00
9%

C14

0.05
140
0.021
0.15
0.033
0.01
0.47
0.50
190
5.9
3.4
82.00
41%

C14

0
0
0
0
0

0
0
0
0
0

Corner of Reservoir and Wassou
123-054-01
Coverage Type
Building
Paving
Deck
Total Contributing Area (SF)
20yr 1hr Storm Volume (CF)

Mariner Site
123-071-34
Coverage Type
Building
Paving
Deck
Total Contributing Area (SF)
20yr 1hr Storm Volume (CF)
BASIN #1

BASIN #1

0
0
0
0
0

BASIN #1

43,160
57,022
217
100,399
8,367

BASIN #1

BILTMORE SITE

Biltmore Offices (Below Water Tank)
123-053-04
Coverage Type
Building
Paving
Deck
Total Contributing Area (SF)
20yr 1hr Storm Volume (CF)

Biltmore Site
123-052-02, 123-052-03, 123-052-04,
123-053-02
Coverage Type
Building
Paving
Deck
Total Contributing Area (SF)
20yr 1hr Storm Volume (CF)

Boulder Bay LLC
BMP Calculations - Existing Conditions
PN: 7139.000
December 18, 2009
CB MOTEL

BASINS #2 & #3 BASINS #4 & #5
Area (SF)
0
0
0
0
0
0
0
0
0
0

BASINS #2 & #3 BASINS #4 & #5
Area (SF)
2,478
0
20,363
0
78
0
22,919
0
1,910
0

BASINS #2 & #3 BASINS #4 & #5
Area (SF)
0
0
0
0
0
0
0
0
0
0

BASINS #2 & #3 BASINS #4 & #5
Area (SF)
0
0
0
0
0
0
0
0
0
0

WASSOU &
LAKEVIEW

0
0
0
0
0

GALLERY #1

GALLERY #1

0
0
0
0
0

0
0
0
0
0

1428
4010
323
5,761
480

GALLERY #1

GALLERY #1

BILTMORE
OFFICES

GALLERY #2

GALLERY #2

GALLERY #2

0
0
0
0
0

0
0

0
0
0
0
0

9,069
25,187
2,425
36,681
3,057

GALLERY #2

BILTMORE SITE

GALLERY #3

GALLERY #3

GALLERY #3

0
0
0
0
0

0
0

0
0
0
0
0

54,499
4,542

54,499

GALLERY #3

BILTMORE SITE

0
0

0
0

0
0

0
2,790
0
2,790
233

INFIL TRENCH

INFIL TRENCH

INFIL TRENCH

INFIL TRENCH

MARINER SITE

0
2,790
0
2,790
233

Totals

2,478
20,363
78
22,919
1,910

Totals

1,428
4,010
323
5,761
480

Totals

52,229
136,708
2,642
191,579
15,965

Totals

0
0
0
0
0
0
8,367

BASIN #1

1,910

3,349

BASINS #2 & #3 BASINS #4 & #5
Area (SF)
0
5,964
0
14,935
0
1,135
0
18,157
0
40,191
0
3,349
0
0
0
0
0
0
480

GALLERY #1
0
0
0
0
0
0
3,057

GALLERY #2

2
18.00
24.00
7.50
0.95
3,078
174
3,252

3
48.00
21.00
4.50
0.95
4,309
384
4,693

Notes:
- Gallery dimensions based on StormTank unit dimensions.
- StormTank literature quotes a Void Ratio of 0.97. 0.95 is used in the calculations to be conservative.

1
12.00
9.00
4.50
0.95
462
48
510

INFIL TRENCH
30.00
3.00
6.00
0.33
178
70
248

BASIN #1
BASIN # 2
BASIN #3
BASIN #4
BASIN #5
SW COR
APN 123-054-01 APN 123-054-01 Crystal Bay Hotel Crystal Bay Hotel
BILTMORE
(Upper)
(Lower)
1
2
6408
6469
6460
6401
6399
6406
6466.5
6458
6400
6397
2.0
2.5
2.0
1.0
2.0
4,579
920
269
840
1,900
2,611
185
46
350
525
3,595
553
158
595
1,213
4
4
4
4
4
7,190
1,381
315
595
2,425
1,198
184
53
198
404
8,388
1,565
368
793
2,829
Combined #2+#3
1,933 Combined#4+#5
3,623

Infiltration Gallery Capacity Calculations
Gallery #
Length, L (ft)
Width, W (ft)
Depth, H (ft)
Void Ratio
Storage Capacity (CF)
Infiltration Capacity (CF)
Total Capacity (CF)

Basin
Rim Elev.
Bottom Elev.
Depth (ft)
Rim Area (sf)
Bottom Area (sf)
Average Area (sf)
Ksat (in/hr)
Volume (CF)
Inf. Capacity (CF)
Total Capacity (CF)

DETENTION BASIN CAPACITIES

Total 20yr Storm Volume (CF)

Crystal Bay Motel
123-042-01, 123-042-02
Coverage Type
Building
Paving
Deck
Parking Lot
Total Contributing Area (SF)
20yr 1hr Storm Volume (CF)
0
0
0
0
0
0
4,542

GALLERY #3
0
0
0
0
0
0
233

INFIL TRENCH

21,937

5,964
14,935
1,135
18,157
40,191
3,349

Totals

PO Box 5310
Stateline, NV
89449
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Tahoe Regional Planning Agency
Community Enhancement Program
A collaboration between TRPA and local government jurisdictions
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www.regionalplanningpartners.com

Implementing a sustainable vision
for Lake Tahoe communities.
The Community Enhancement Program
is seeking net gain solutions for the
Lake Tahoe Basin which implement
environmental improvements, enhance
the quality of life for residents, improve
the visitor experience and contribute to
the long-term economic vitality of the
region.

Goals and
Objectives

Pre-application
Criteria

Incentives

Selection Criteria

Schedule

LAKE TAHOE COMMUNITY ENHANCEMENT PROGRAM
A collaboration between
the Tahoe Regional Planning Agency
and its local government jurisdiction partners

For more information, please contact Brenda Hunt:
Telephone: 775.589.5225 or Email: bhunt@trpa.org

