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[I. Executive Summary

The goal of this round 7 SNPLMA project was to test and develop the Water Erosion Prediction
Project (WEPP) as a watershed management tool for evaluating the impacts of specific
management practices on the generation of fine (< 20 micron) sediment transport at the hillslope
and watershed scales in the Lake Tahoe basin.

The project provided a Tahapecific database which includes all the necessary soil, climate,
and managemenaput files to run the model at any location in the basin. The accuracy of the
model was tested against 18 years of obsesmeav water equivalent deptstreamflow and
sediment load data at the following relatively wstdibed watersheds: Blackwoode@€k

Gereral Geek, Upper Truckee nelteyers, Logan House Creek, and Glenbroole€k. Close
agreement between simulated and observed snow water equivalent, streamflow, and both fine
(<20 micron)and coars€>20 micron)sediment load was achieved at eacthefmajor

watersheds located in the high precipitation regions of the basin with minimal calibration.
Minimal sediment load was correctly simulated in the drier watersheds (i.e. Logan House and
Glenbrook) however annual streamflow veagempredicted. Thsovermprediction was attributed

to unique hydrogeology on the east side of the basin.

The project also provided Tahaeecific soil and management input files for representing the
impact of hillslope disturbances and subsequent restoration optionseaetliment loading.
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These input files were created using existing rainfall simulation data collected in the basin over
the past 10 years. Major land cover treatments include: Mature forest, thin or young forest,
shrubs, good grass, poor grass, low sgvére, high severity fire, bare, mulch only, mulch and

till, low traffic road, high traffic road, and skid trail.

A high priority was placed on developing useendly tools and providing training. A simple
webrinterface tool was developed and ptgted with the Tahospecific input files to allow end
users to easily predict the impact of disturbances on fine sediment loading from single hillslopes.
The input files were also modified to allow access to the T-abpeeific input files in the WERP
windows program. This free prograoperaing in the windows environmepnprovides
experienced users greater flexibility for simulating impacts of management practices from
complex hillslopes. For advancedersalgorithms were provided ®mulate streamdéiw and

fine sediment loading from large complex watersheds. These watershed applications are
complex however and require users to be familiar GIS applications and basic programming
languages A two day workshop was provided at the end of the projectin tisers on using
each of these projects. The feedback from this workshop was very positive.

[ll. Background

There is a great need in the Tahoe basin for objective, quantitative models for evaluating the
impacts of management practices on fine sedtrfeading to Lake Tahoe. Many of the models
currently usedo evaluate the reduction in pollutant loading to Lake Tahoe are lumped
hydrologic pollutant loading modetlat donat route runoff, useconstanevent mean
concentration$or BMPs,and rely orspecific source loading estimat@sd useidefined delivery
ratioswhichrequire subjective judgmeand have considerable uncertai(iySACE, 2000).
Although itis oftenacknowledgedhatthe more detailed, complex models may be able to better
describehydrologic and pollutant transport mechanisms and overcome these limitations, process
based modelsave not been widely used inthebadime t o f ear that @At he
may conflict with the objective of making the methodology practical for Jek®oe Basin
implementers 0 U S A C E The W& Brysion Prediction Project (WEPP) md&&nagan

and Nearing, 1995% one example of a procebased hydrology and sediment transport model
that is able to provide objective, quantitative predictiontefimpacts oforestmanagement
practices on fine sediment loadjigwever at the onset of this project there were only a few
cases where WEPP had been used in the basin.

I The Water Erosion Prediction Project (WEPP) Model

The WEPP model is a proggbased model which simulates soil detachment, deposition,
transport and delivery through hillslope, channel, and structural impoundmenfeugits

sediment basins, culvertgjthin a watershed (Flanagan and Nearing, 1995). The model is based
fundamently on infiltration theory, hydrology, soil physics, plant science, hydraulics, and
erosion mechanics. Each hillslope can be divided into multiple overland flow elements to
simulate flow from one land type to another (e.g., drainage from a disturbed apéanithrough

a grass buffer) The model accepts long term daily climate data or single storm event data. An
auxiliary climate generator program, CLIGEN (Nicks and Lane, 1989), creates long term climate
files if meteorological data are not availabke.particular advantage of the model to the Tahoe
Basibs cl| ar ity ,whehltargets fine sedineeht {<@0rnticrons), is its ability to predict
transport and delivery of specific size classes of sediment.



As in any complex procedsased model, thehallenge in applying WEPP is assigning

appropriate soil and vegetative input parameters. Early developers recognized this challenge and
invested mich time and money conducting experiments on a wide range of soil types across the
country to develop parares sets fospecificsoil, residue, and vegetative properti€espite

this large database using local experimental data to create more approprspe iie input

files is encouraged.

The WEPP model can be applied to single hillslopes usimgdowsbasedree software

program (WEPRvindows) or one of the forest service wiaberface toolsklliot, 2004 or it can

be applied to entire watersheds using the GeoWEPP r{Rdekchler, 2003) Stream channel
algorithms in the model are not appropriiewatershed areas exceedinity2 sq. miles
howeveroutput from the model can be linked to detailed hydrodynamic models to account for
stream sediment transport in large rivers (Conroy et al., 2006). Alternatively, stream channel
algorithms can also Heypassed if the user is only interested in daily average flow and sediment
load from upland areas.

IV. Goal and Objectives

Theprimarygoals ofthis project vereto:
1.) Assess the accuracy WEPPIn the Lake Tahoe basin
a. Simulate streamflow and sedimenatbng in five, large, upland watersheds

2.) Develop Tahosespecific input files and protocols whiohinimize the complexity
required to applyWEPP
a. Focus orspecific management practicesdavant to the Lake Tahoe Basin.

3.) Provide oneonone training to encourge use of the modgl the basin
a. Encourage feedback and interaction with managers

V. Model Developmentand Assessment

The project was carried out in three phases. The first phase of the project focused on assessment
of the model at simulating snowmestreamflow and sediment load in large undisturbed
watershedsFive watersheds were selected to represent the full range of climate, elevation, soil,
and geologic types found in the basin. The pr
watersheds wat® isolate the ability of the model to capture natural climate, soil, and vegetative
variability from the effects of anthropogenic disturbances (e.g. urban development) on output
hydrographs. The second phase of the prdgettsed on developing the appr@ate soil and
management input files to capture the effects of soil disturbances (e.g. roads, burns, harvested
sites) on erosion and sediment delivery. The third phase of the project was providing the final
watershed database and necessary protocplstémtial enelisers of the model. This included a

two day training session teaching participants how to use thentesiface tools, the windows

software program, and the GIS watershed analysis. Each of these Phases will be described
below.

PHASE |



- Development and#sessment of the WERR Approach for Large Undisturbed Watersheds

Theaccuracy of th®VEPP model to predict streamflow and sediment loadiag testedh five
upland watersheds in the basin: the headwaters of the Upper Truckeaéavdeyers(14

mi®), Logan House Creek (2.1 $iGlenbrook creek (4.1 mi2§eneral Creek (7.4 R)i and
Blackwood Creek (11 rfji. TheentireUpper Truckee River watershedcluding the disturbed
areas downstream of Meers known to contribute the majity of the seliment to Lake Tahoe.
General Ceek andBlackwood Creek watershedse both located on the wetter, west side of the
basin. General Ceek watershed is relatively undisturbed compared to Blackwood Creek
watershed, which has been impacteddmds, grazing, gravel mining, anthropogenic channel
modifications, and loggingThe Logan Housand GlenbroolCreek watershexhre located on

the dry eastern side of the lake andsmall, undisturbed watersheds with relatively low
sediment loading. E&of these watersheds has minimal residential or urban development.
Hence, wewere able tasolate upland responses from urban responses. Long term (> 15 years)
continuous daily streamflow and evdrdsed sediment concentration data are publicly available
at the outlet of the watersheds through the US Geological Survey. These data sets include
measurements of the percent fine sediment (< 0.063 mm, silt and clay size) for water samples
having high sediment concentratiori3oth of these data sets were usedssess the accuracy of
the model.

Since the WEPP model was not originally designed for application to large watefisheds
greater than -2 mi®) several modifications were necessary to capture the spatial variability in
climate, soil and canopy cayeas well as accouingy for baseflow in the modelThese
modifications will be described in detail below.

UndisturbedSoil Input Files

Although the WEPP model comes with specific soil parameters for many soils throughout the
US, many of the Tahoe ssilvere not in the database or did not have the complete information
required by recent beta versions of the model (e.g. soil porosity, field capacity moisture content,
wilting point moisture content, and saturated hydraulic conductivity for each soi).|d&3ather

than relying on default soil properties calculated from soil texture in WEPP, we built WEPP soill
files using the measured soil properties listed for each of the soils listed in the 2007 Tahoe Basin
Soil Survey map. Other than base erodibilidygmeters which are not explicitly provided in the
soil survey, all soil properties were taken directly from the soil sutvaglisturbed erodibility
parameters were calculated using default algorithms in the WEPP model based on soil texture.
WEPP soil fiesrepresenting undisturbed soil conditions wereated forll 55 of the Tahoe

basin soildisted in the soil survey

Climate Files

The WEPP model requires either a daily dr@akpoint(e.g. 15 min, hourly) based climate file
which includes minhum and maximum air temperature, solar radiation, wind speed, wind
direction, dew point temperature, and a distribution of precipitatiomrder to be compatible
with concurrent modeling efforts in the basin we acquihedhourlycleanedveather datarém
Northwest Hydraulic ©nsultantdor each of the eight major weather stati@$OTEL sitesn
the basinwhich wereoriginally developed by Tetrdech and incorporated into the Loading
Simulation Program C++ (LSPC) model when developing the TMDL fofl feoe basin.



Northwest Hydraulic Consultantgere using ths data set with th&torm Water Management
Model (SWMM).

Precipitation data can be represented in climate files in WEPP using two different formats. For
long term return period analysis the@hte generator algorithm (CLIGEN) can either generate
weather files with statistics calculated from existing climate data where precipitation on any
given day is unrelated to any actual observed data or it can take daily observed data to ensure
total pregpitation for the day is conserved yet peak rainfall intensities and storm durations are
still generated and unrelated to observed values. Alternatively, the user also can create break
point precipitation files where the actual distribution of the starexplicitly provided.For the

Tahoe basinthere are advantages and disadvantages to both approaches. The best available
precipitation data in the Tahoe baamerecorded on an hourly basis. Since most of the
precipitation falls asnow it is importanin order to represent the accumulation and melt of snow
that precipitation is explicitly distributed within a day. Therefore hourly weather files were
created using the hourly precipitation data which explicitly describe the distribution of
precipitation during the day. The disadvantage of these hourly weather files is that high intensity
storm bursts that often last less than an moaly not have beesdequately represented with

hourly data. The daily storm generator algorithms can mimic these Btosts however there

is no guarantee that the peak intensity generated by the storm matches reality. In the hydrologic
analysis we assesgthe accuracy of the model using the hourly weather, Hataever both the

hourly and daily generated weather filgere used and discussed in the assessment simulated
sediment loading using WEPP.

Another modeling challenge when working in the Tahoe baasrepresenting the spatial
variability in climate. The Tahoe climate varies substantially both regionallywaitid elevation.

As a result it was necessary to develop a methodology for scaling the climate data within each
watershed. Thiprotocol involvel developing scalindactors using the mean monthly
precipitation and temperature at the particular hillslapekat the location of a nearby weather
station. The precipitation scaling factor is a ratio of the mean monthly precipitation at the
hillslope to the mean monthly precipitation at the weather station. The minimum and maximum
air temperature scaling factoare simply the differences between the mean monthly air
temperature at the hillslope and at the weather statiogh spatial resolution800 n) maps

which quantify the spatial variability in 30 year average monthly precipitation, minimum and
maximum emperatureleveloped by the PRISM group at Oregon State Univenstg used to
scale the climate data to each hillslope.

ForestManagement files

Another key challenge in modeling the hydrology of the Tahoe heesradequately

representing the vegetagicanopy. Canopy cover can largely affect the rate at which snow
melts especially on steep south facing slopes where shortwave radiation drives most of the
snowmelt. The default forest file in WEPP assumes nearly 100% canopy cover. Although most
land ug® maps describe the Tahoe basin as mostly forested, it is apparent to anyone who has
visited there that the forest is quite open and variable. In order to capture this feature we
developed the necessary relationships to allow users to fix percent cavapyncthe model.
Theaverageercent canopy e@r for each hillslope wasalculated for each hillslope using a 30

m resolution percent canopy cover maps for 2€@ated using the National Land Cover Dataset



(http://mwww.mrlc.gov). PERL scripts were useéd automatically alter management files for each
hillslope when simulating the large undisturbed watersheds so that the variability in canopy
cover was properly represented in the model.

Hillslope files

The topography of each hillslope in a waterstseddscribed in WEPP by a hillslope input file.
Hillslope files were created for each of the watersheds using the GeoWEPP model. Recent work
by Crabtree et al. (2006lemonstrated the importance of using multiple overland flow elements
(OFEs) in WEPP toapresent variable source area hydrology. Since all hillslope files created in
GeoWEPP describe each hillslope with a single OFE it was necessary to modify the structure of
each hillslope created by WEPP to force multiple OFEs. A PERL script was woitten
automatically convert these hillslope files.

Results of the Undisturbed Watershed Assessme(®hase 1)

Statistics

The accuracy ofite model was assessed using thlataéistics: the root mean square error
(RMSE), which is similar to the standard dation of the error between model observations and
predictions; the NasButcliffe (NSEFF) efficiency statistic (Nash and Sutcliffe, 1970), which
represents how well the model describes the observed variability relative to the mean observed
value for the slected time griod; and the mean difference (M@hich describes the overall
bias of the model. The equat®used to calculate the N§-F, RMSE and MDBstatisticsare
given below.

®
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wherev, is the variance of observed valublss the number of data points,is the observed
value,y; is the corresponding simulated value, &d the average observed value for the study

period. A NS-EFFvalue of 1.0ndicates perfect agreement between simulated and observed
data.A NS-EFF value of 0.0 indicates the model is no better than simply using the mean of the
observed data. It is possible to have negativeERE values which indicate poor or no

agreement witlobserved dataAlthough calibrated hydrology models can often be fit to provide
NS-EFF near 0.7.90 for streamflow, especially when comparing monthly predictions,-a NS
Eff. above 0.30 when determined using daily simulated data from-aalimated modl, is a

good indication that the fundamental mechanics of the model are correct. Sirkitaylig, et al.
(2009)consideredhat a NSEff below 0.2 is insufficient, 0-R.4 is sufficient, 0.4€.6 is good,
0.6-0.8 is very good, and greater than 0.8 iseffieat. We usedthese relative criteria for rating

the accuracy of the WEPP model in this study.



Snow Hydrology Assessment

The Lake Tahoe basin is a snow dominated landscape and therefosséntad that any

hydrology modelised in the basin can sigssfully simulate the accumulation and ablation of a
snowpack.There are eight SNOTEL stations located in the Tahoe Basin each of which has been
recording daily snow water equivalent (SWE) depth along with temperature and precipitation for
a minimum of ® years. These SNOTEL sites provided the perfect data set for assessing the
snowmelt algorithms in WEPP. Table 1 summarizes the characteristics of each SNOTEL site
and provides a statistical summary of the agreement between simulated and observedaily SW
depth. The SNOTEL sites range in elevation from essentially lake level at the Fallen Leaf
SNOTEL (1901 na.s.l) toover 700 m above the lake level at the Heavenly Valley SNOTEL
(2616 ma.s.l). The peak annual SWE depth ranges from 218 mm at FaleEfrfSNOTEL to

1145 mm at the Echo Peak SNOTEL, see TablEigures 13 show predicted and observed

SWE at the Wardreeksite, which is located on the western side of the basin and has the largest
mean annual precipitation, the Marlette Lake site, wihsdbdated on the eastern, drier side of

the lake, and the Fallen Leaf site, respectivielgspite this variability the WEPP model was able

to closely simulate the observed accumulation and melt of the snow pack at each of these sites.
Assuming the Fogliat al. (2009) criteria applies to snowmelt, we can say the model agreement
ranges f r omthésites with refatovelydsialloa,ttransient snow packs featien

Leaf and Ha ptaon 66se xhtdealrdinaiming ditewhich have deeper snpacks

The RMSE indicates that the overall error in simulated SWE is 106 mm and the MD statistic
indicates the error is typically a 37 mm underprediction in SWE. By dividing the RMSE by the
peak observed SWE we created a scaled percent error, sed Tdlhlle average percent eradr

all the sites is 16%.

Streamflow and Water Yield Assessment

Thefollowing section is a summary of the accuracy achieved by the WEPP model in five
undisturbed watershedsthe Tahoe basin. Our goal wiasdemonstrate ghvariability in

accuracy that can be expected from WEPP in different regions of the basin. It is important to
note when interpreting the accuracy of model predictions that, other than an analysis explicitly
described below for Logan House and Glenbrootevgneds, no calibration was performed on

any of the WEPP simulations. Only the empirical method for baseflow generation after WEPP
simulations was calibrated in a few watersheds. The five watersheds included in this analysis are
BlackwoodCreekand Genal Creek, both located on the wetter, west side of the basin; Upper
Truckee near Meys(UTR nr. Meyes), the headwater watershed on the south end of the lake;
Logan Hous&€reekand GlenbroolCreek both located on the drier, east side of the basin. Note
that the Upper Truckee watershed is located upstream of Meyer and is not influenced by the city
of South Lake Tahoe.

Comparisons of simulated streamflow and water yield indicated that there may be a unique
feature to the east side watersheds thavisdequately represented by the WEPP model.

Because of these unique differences the assessment of simulated daily streamflow and average
annual water yield is broken down into two sections. The first describes the agreement with the
west and south sideatersheds and the second describes the agreement for the drier east side
watersheds.



West and South Side Watersheds

Overall the agreement between simulated abserved streamflow wagsodto very goodfor
the west side and south side watershedsRlackwood, &neral, UTR nr. Meyer¥ Table 2
provides the NasButcliffe efficiency (NSEff) (Nash and Sutcliffe, 197@}atistic between
simulated and observed daily streamflow for each watershed.

As shown in Table 2he NSEff calculated for 17 yearof daily simulated streamflow was 0.40,

0.60, and 0.52 for Blackwood, General, a5iR nr. Meyersrespectively. The NE&ff

calculated for individual years reached as high as 0.80, 0.87, antbOBlackwood, General,

andUTR nr. Meyersrespectivelywhi ch woul d be considered dexcel
(2009) criteria Simulated average annual water yield was also very good fooé#ubse

watershedsas shown imable 2and Figure 4

Daily simulated and observed streamflow is provittedBlackwood, General, andTR nr.
Meyerswatersheds in Figures 5, 6, and@&spectively. Although the agreement between
simulated and observed is very good most of the years, the large flood event on 1/1/1997 is
greatly undepredicted at all three lations by WEPP. This flood event was caused by a severe
rain and snow event. During these intense storms it is critical that distributed temperature and
precipitation data are well represented in the model. High elevation SNOTEL sites were used to
distribute temperature and precipitation at each of these sites. A low elevation SNOTEL site,
Fallen Lealf, is located below thé&rR nr. Meyersvatershed. By using this lower elevation input
data we were able to capture the extreme flood event in 1997, anslighlly ovempredict the

peak flow (see Figure)8 Most likely this 1997 event was a very warm, wet storm which raised

air temperatures much higher at lower elevations near the lake than at higher elevations. Since
our modeling approach assumes thattémeperature lapse rate can be characterized by static
mean monthly maps there is the possibility of great error in the extrapolated air temperature
depending upon which base weather station is used. The ability of the model to simulate the
extreme peak dlw event using the lower elevation data provides confidence that the fundamental
hydrological processes in the model are able to represent these extreme events if properly
distributed weather data are used.

East Side Watersheds

Water yield and streanaiw wereovermpredicted in the east side watersheds (i.e. Ldt@unse,

Glenbrook), see Figure 4Knowing that the Tahoe basin is located above consolidated bedrock,

which generally does not support large subsurface aquifers, we assumed in each ofahd west

south side watershed simulations that no water bypasses the watershed outlet below the stream
gage. I n ot her words we assumed that these we
explanation for theverpredicted streamflow in the east side watedshe that water that drains

below the root zone either passes below the stream gage station through cracks in the bedrock
ultimately recharging the lake as groundwater flow or groundwater could possibly drain to the

east toward Carson City.

With er iwaght 0o assumption, baseflow (i.e. that
by springs originating below the rooting depth) is simulated using the linear reservoir concept.

Water draining vertically below the root zone is assumed to feed argrodnd storage

reservoir. A linear reservoir coefficient derived from the recession portion of observed



hydrographs determines the fixed percentage of this storage amount that is discharged back to
the stream. Generally this coefficient does not vatkimwthe same landscape. For the west and
south side watersheds we determined the recession coefficient to be 4%. This value was used for
all three watersheds.

To evaluate if a portion of the water potentially bypassed the stream gage statioedsttbiele
watersheds a secondary reservoir coefficient was added. For each day, the primary linear
reservoir coefficient controls the portion of the groundwater reservoir that returns to the creek
and the secondary reservoir coefficient acts on the saseevoir but controls that amount of
water that bypasses the stream gage station.

For the east side watersheds the primary and secondary reservoir coefficients were calibrated so

that the simulated and measured total water yield at the stream gagednaidie simulated

amount of water that bypassed the stream gage is referreitgasoundwat er | osseso
As seen in Tald 2 the simulated amount of groundwater losses in Logan House and Glenbrook
watersheds is 177 mm and 81 mm, respectively.

Although we do not have conclusive dataquantify groundwater flow beneath the stream gage,
there is some compelling evidence that supports the idea that these watersheds have unique
hydrogeologic flow processes. Logan House stream gage stati@aiedmvel 20 mabove the
average annual water surface elevation of Lake Tahoe just upstream of a steep region of rock
outcroppings which have the potential for conducting flow through cracks and fissures. The
stream gage in the Glenbrook watershecated just north of Logan Hous®eek was installed

at essentially the same elevation as Lake Tahoe, and therefore is likely less susceptible to
subsurface groundwater losses beneath the station. If deep seepage losses were related to the
location of thestream gage station and the geology directly below the stream gage station then
we would expect the groundwater losses in Glenbfo@ekto be less than the losses in Logan
HouseCreek As seen in Table @nd shown in Figure,4our modeling data suppodéhis
hypothesis The simulated ground water loss required to match average annual water yield is
over two times larger in Logan Hou€eeek 177 mm, than in GlenbrodBreek 81 mm.

However since there still seem to be groundwater losses in GlenBreekanother geologic
feature may nabeaccounted for by the model.

Another interesting feature that points to unique groundwater flow and storage in these east side
watersheds can be seen in the long term summer streamflow recorded at both Logaméiouse a
Glenbrook. From 1992000, the Tahoe region experienced above normal precipitation.
Interestingly this time period of higher precipitation had a large effect on summer streamflow
readings in Glenbrook and Logan Hoeels and had very little effectn west gile streams.

As seen in Figure the streamflow at the Logan House stream gage station remained well above
0.1 mm per day even during the driest summer months during these wet years. During the drier
years, however, this flow would often dropltelow 0.01 mm per day. It isteresting to

compare Figure 8 Figurel0where there is no observable change in the summer streamflow at
GeneralCreekthroughout the entire 17 year flow record. Glenbrook streamflow data show the
same response as Logaonus$e streamflow during these wet water years (data not shown). In
order for east side streams to maintain high flows even during hot summer months requires a
large source of subsurface spring flow. This would mean that the geology in this region must



hawe a large capacity to store water which slowly leaksagtht time. As seen in FigureWwe
were able to roughly mimic these lotgym trends by using a very small linear reservoir
coefficient, 0.04%.

It is worth noting that regardless of whether tleem seepage losses are simulated or ignored,
generally, the WEPP model was able to capture the extreme differences in water yield between
the east side and west sidrégure 4. As seen in Table,5vhen deep seepage losses were
simulated by the model thi¢S-Eff statistic was much better for Glenbrook watershed, 0.44, than
for Logan Hous&€reek -0.63. The low N&Eff for Logan House was largely biased by a few
overpredicted runoff events (data not shown).

Identification of Sources of Fine Sediment

Although the primary goal of the watershed scale assessment was to validate the hydrologic
components of the WEPP model, these simulations also provided the opportunity to assess the
ability of WEPP to simulate sediment loading from upland sources. The gxsstgam channel
algorithms in WEPP were designfedm small (less than 1 R)icatchments and therefore were

not to be used to simulate sediment detachment, deposition, and delivery through the existing
channel network for the five watersheds in this asialy As a result a direct comparison between
observed sediment loading at the watershed outlet should not be made because it neglects the
additionalsourcesink dynamics due to interaction wistream beds and banks. Despite the
missing sediment contriltion from the streams, it is worth examining the relative magnitude and
distribution of sediment by the model compared with existing data. The following section
presents an analysis of simulated sediment transport and identifies the dominant sounees of fi
sediment in each of the watersheds by soil type.

Total and Fine Sediment Loading

As discussed in the section on climate files, there are two types of climate files that can be used
in the WEPP model. The hourly files are preferable for ensuringhtbarowpack is adequately
developed whereas the daily files allow for high intensity storm bursts that cannot be represented
by hourly data. In the following analysis we provide sediment load datg bsth types of

files. Table Jrovides a summary di7 year average total and fine sediment loading delivered

to the stream network simulated by the model and observed total and fine sediment loads
measured at the watershed outlet. Since sediment load data are often skewed by a few extreme
eventsboth aveage and median sediment loatbimation is provided in Table. 3Figure 11
graphically represents that simulated and observed average annual sediment loads from each of
the watersheds. Observed sediment load was calculated using the sediment raggg curv
developediy Simon et al.Z003) from observed fine and coarse suspended sediment
concentration and streamflow data collected at each watershed outlet location by the ASSGS
seen in Table and Figure 11BlackwoodCreekdelivers considerably moredienent than each

of the other watersheds. The second largest contribution of sediment was fidgirRme.
Meyerswatershed which on average provides an order of magnitude less total sediment than
BlackwoodCreek These findings confirm the conclusionfstibe Simon et al. (2003) study

which indicated that most of the sediment in the Upper Truckee River was due to bank erosion in
flood plain regions downstream of Meyers near South Lake Tahaotal sediment load from

east side watersheds is minimal. Siated sediment delivery for each of these watersheds
matched these trends fairly well. Simulated sediment loading using both the hourly and daily

10



models was less than observed at the watershed outlet which is to be expected considering that
contributionsfrom stream banks and beds are not included in the simulated values. Simulated
sediment load using daily climate files are greater than simulated loads using hourly files,
emphasizing the potential for increased sediment load in the Tahoe basin froxusaton

storms. Figure 1Z2ompares the observed and simulated breakdown of total sediment load into
fine and coarse particle sizes for Blackwdorek Although the WEPP model was not used to
simulate stream bank erosion, the 40% underpredictionénstiiment loading for Blackwood
creek watershed suggests that 60% of the fine sediment loadmderived fronupland sources
while the remaining 40% is due to stream bed and bank ero$iwis.distribution is similar to

the Simon et al. (2003) study wh attributed 72%, 79%, and 49% of the fine sediment load to
upland sources in the General, Ward, and Upper Trurkest watersheds, respectivelyin

contrast to the Simon et al. (2003) study the simulations using the WEPP model suggest that
nearly allthe fine sediment load in General creek is derived frostream sources. The Simon

et al. (2003) estimates were based on predictions using the AnnAGNPS and CONCEPTS
models. Simon et al. (2003) acknowledged in the reporthieaAnnAGNPS predictionsoald

only be used reliably at monthly and yearly time scales due to an inability to represent the
change in climate across the watershed. It was suggested that the upland contributions of fine
sediment in tB General creek watershed cobkloverestimatedecause of overprediction in
streamflow by AnnAGNPS during winter months and an inabdftthe AnnAGNP Smodelto

predict baseflow. Although no statistical analysis was provided in the Simon et al. (2003) report,
visually it appears the WEPP model waster capture the hydrology of the watersheds in the
basin.

Hydrograph Separation

One of the advantages of a physically based model is that multiple output features can be
examined to provide insight into the dominant hydrologic processes within essthvederFor
example, WEPP can be used to separate a storm hydrograph into three fundamental components:
1. surface runoff fed directly to the stream, 2. subsurface lateral flow or stormflow which is
shallow subsurface flow fed directly to the stream usuaitiiin the top 2 m of the soil, and 3.
baseflow, which is deep groundwater or spring flow generated through the parent material at
depths greater than 2 m belohe soil surface. Figures 13 andfdrévide a breakdown of the
simulated streamflow into eaof these fundamental components.

It is clear fromFigures13 and 14hat each of these watersheds is composed of unique
distributions of surface runoff, subsurface lateral flow, and baseflow. Even adjacent watersheds
can have very distinct hydrologsignatures. For example, Blackwood and Ger@rakk

located on the west side of the lake, have very similar climates yet hydrographs from Blackwood
Creekare composed mostly of lateral flow whereas Ger@raékis composed mostly of

baseflow. Surfaceunoff from BlackwoodCreekis lower than from Gener&reekyet

simulated sediment load is greater for Blackw@uvdekthan for GeneraCreek The primary
controlling factors which dictate the proportion of surface runoff, subsurface lateral flow and
baseflow in the hydrograph are the soil properties and topographic attributes of the hillslopes
within the watershed. Strong agreement between predicted and observed streamflow, in addition
to matching overall trends with observed sediment load in adjacdatsheds, provides

evidence that WEPP is able to simulate drastically different dominant hydrologic processes with
minimal calibration.

11



Figures 1522 provide a detailed breakdown of the simulated and observed streamflow and
sediment loading for the 20@®ason at the four primary watersheds in the study. As seen at
each watershed the agreement between simulated and observed streamflow is good. According
to WEPP, Blackwoof€reekwas the only watershed with upland contribus of total sediment
(Figurel5). USGS streamflow records show that Gen€ralekwas carrying sediment during

this year; however, the WEPP simulations imply that the sediment carried during this time was
derived fromstream beds and bank (Figurg.1RNotice that despite a large pon of the total
streamflow from th&JTR nr. Meyersvatershed was composed of surface runoff there was very
little simulated and observed sediment logdirom the watershed (Figures 18 ang.19

Although according to the NEff statistic the agreement tveeen simulated and observed
streamflow is poorest for Logan HouSeeek the model was able to correctly describe the

overall magnitude of flow which is so small that the watershed typically never delivers sediment
(Figures 2122).

Sources of Sediment

One of the primargoak of this project is to provide a tool thaatershed managecan use to
identify sources of fine sediment. Since WEPP is a spatially explicit tool, output from the model
can be in the form of maps or can be tabulated by la@gtogography, and/or soil type. Since
much of the exploratory work in the basinrsHacused on soil typg$ables 46 provide average
annual sediment loading, runoff, and subsurface lateral flow for each of the soil types in each
watershed.

Many of the relationships between dominant hydrologic processes and simulated sediment
transport can be explained through iptetation of results in Tables@! For example, as
discussed in the previous section the total streamflow frordiie nr. Meyerss conposed

mostly of surface runoff yet the model predicts very little sediment delivery to the stream. The
explanation for this apparent contradiction is thatiteé@dwaters of thepper Truckee River is
composed mostly of rock outcrops which have a lowtnafilon rate, a high runoff ratnd a low
erodibility. Table @Gndicates that 38.3% of the entir@ B nr. Meyerswvatershed is composed of
rock outcrops. These rock outcrops generate 72.8% of the total surface runoff and deliver only
2.8% of the total sechent load.

Tables 46 also indicate that in order to minimize upland sediment loading from Blackwood

Creek restoration efforts should focus on Melody soils. These volcanic soils make up 14.9% of

the total watershed yet deliver 65.8% of the totalmmedt load.These soils are often located in

the steep, high elevation, o6Badlandd regions
Stubblefield et al. (2009) estimated that the Ward creek badlands contribe38@4L0f the total

sediment load while ogloccupying 1.2% of the surface area of the watershed.

Summary of the Watershed Assessmern(Phase I)
Overall wedeveloped the necessary input files and algorithms to simulate the hydrology of
undisturbed watersheds in the Tahoe basin. We fewndllert agreement between simulated

and observednow water equivalent at all eight SNOTEL sites located in the Tahoe basin. We
found good agreement wigtreamflowand water yieldn the BlackwoodCreek GeneralCreek
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and Upper TruckeRiver nearMeyers watersheds The modebverpredicted water yield and
streamflow in the drier eastern watersheds. Baseflow analysis revealed tbaegisdiction is
likely caused by locajroundwater leakage/storage processes in the east side watersheds
Despite thiovemrediction in streamflow, trends simulated sediment loadiragree well with
observations made at the outlet of all five of the watersheds investigated in this analysis.

PHASE I
Parameterization of theVEPPmodel forDisturbed Areas

After assessinthe accuracy of the basin hydrologic functions of WEPP in undisturbed
watersheds the focus of the second phase of the project was developing the proper
parameterizatioffor disturbed areas or areas impacted by a specific upland management practice
and deeloping the necessary protocols for applying the model to these disturbed sites

The first step in this phase involved field visits and stakeholder meetings to identify the most
widespread disturbances in the basin and to create a list of key manageangoés most often
used to restore these disturbed sitiglsich of this work has been described®sgsmer and

Hogan (2004, 2005a, 2005édHatchett et al(2006)

Widespreadlisturbances
Through field visitsmeetings with stakeholderand literatue reviewswe developed the
following list of features and practices with potential for grodisturbance.
- SkiRuns
- Cutslopes
- Roads (bare and paved)
- Wildfire
- Prescribed burns
- Mechanicaharvest(cut-to-length and whole tree)
- Landings
- Skid trails

Restordion Practices
The management practices used to restore these disturbed sites varied by the amount of time and
resources availabldn some cases multiple management practices were applied to the same
disturbed site. The most common management practredssted belowGrismer and Hogan,
2005b)

- Rock and large woody debris

- Pine needle mulch

- Hydroseed

- Revegetate with native grasses

- Fertilizer/compost addition (e.bioso)

- Wood chips

- Tillage to improve soil water storage

- Rebuild slope (e.g. road oblitgion)

- Mastication
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The second step this phase was to select a few of the most common practices and acquire
relevant experimental data to parameterize the WEPP soil and managemeri fiteagh this
process we identified thirteen vegetative condiitreatments that would be most applicable to
managers working in the Lake Tahoe Badtor each of these treatments we developed WEPP
soil and management files from existing experimental datasets developed from experiments in
the Tahoe basin or from eepments conducted in similar climates, soils, and managements
(Copeland and Foltz, 2009; Elliot et al., 1989; Foltz et al., 2008; Grismer et al., 2008; Grismer
and Hogan, 2005b; Wagenbrenner et al., 20Bihce it was not possible to acquire information
on each specific soil type in the Tahoe basin we lumped soils into three major categories
following the approach of Gismer and Hogan (2004, 2005a, 2008kcanic, granitic, and

alluvial soils. Tables 7-9 identify the major treatmentnd baseline paragtersused in the

study. Other than soil depth, each of the baseline values listed in TaBles& corrected
internally in WEPP by surface cover. Since surface cover will vary for eachrsite is

directly measureabli@ nearly all applications dhe modelthe user is prompted to enter percent
cover by the modelDepth of soil in the database is dependent on the treatment. Larger plants
were assumed to have deeper soils, which reflect both the deeper rooting depth and the increased
capacity otthe plant to store water internally. The management file describes a fixed surface
cover along with the respective canopy, rather than a cover that varies throughout the year and is
affected by plant growth rates. This means the user can directly leaiEvver that was

observed in the field without the need to calibrate as is required on the Disturbed WEPP
interface.

PHASE Il
Training Users using theake Tahoe WEPP Database

Thefocus of thethird phase of the project was creating a Tahespecifc WEPP database that
could be easily transferred to enders and providingne-on-one training on using the database
with various WEPP based toolBhe culmination of the project wadwo-day training session
conductedn June 2010 Participants rangkfrom private consultants and Forestr@ce
hydrologists with an interest in learning how to apply the model to specific projects, to federal
regulatory agents who were more interestelééarningabout the accuracy, applicability, and
limitations of themodel.The technological experience ranged from very limited modeling to
extensive programming and familiarity with geographic information systéhesfeedback we
received back from the workshop was very positive.

To accommodate the wide backgrouhdtwo-day workshop providedn overviewof thethree
WEPRbased modeling toalsee Appendix A for the meeting agendeéhese tools range in
complexity from a simple webased tool, called the Tahoe Basin Sediment Model, to a
Windowsbasedmodel with additimal input/output features that allows the model to be applied
to single hillslopes or simple watersheds called WEPP windows, to-##&3&1 modeling tool
which can be applied to large watersheds cahedVEPPUI watershed approactzach of

these tools vl be summarized below. A detailed explanation of thesés is provided in
Appendix B and C

Tahoe Basin Sediment Model
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The simplesttoolisawebased program called t h¢éBSMjahoe Ba s
(see http://forest.moscowfsl.wsu.edu/ehin/fswepp/tahoe/tahoe)pl This webbased tool is

part of a larger existing suite of wdba sed t ool s call ed the fAForest
(seehttp://forest.moscowfsl.wsu.edu/fswepp he TBSM i s Eismiulrdre dt oNEtPhPed
interfacehowever it ispopulated withthe Tahoe specific soil and management input files

developed in Phase Il of the projetiike the disurbed WEPP interfageisers can simulate the

runoff, erosion and sediment yield from a simple hillslopmposed ofwo linear segments or

overland flow elements (OFEs)using i mat e fil es generated by the
generator program. The RoCGiime program was populated with the ei@lathoespecific

climate filesgenerated in Phase | of the project allowing users to capture the extreme variability

in climate across the basifiraining materials were developed for the wiidqs to demonstrate

sdting up custom climateles and usind BSM to quantify the change in sediment load for

typical Tahoe basin management probleffisese applicationsnclude: 1.)quantifying

sediment reductions from variousad desigg 2.) comparing sediment load fromatural

wildfires, to prescribed burn artiinningoptions, 3.) comparing options for road obliteration

and ski run restoration such as grass, mwol, mulchandtill revegetation treatments as well
asaddingwater bars, 4.)inderstanding how to extrafime sediment loading from model output.

See Appendix Bor the TBSM training materials

WEPP Windows Model

The WEPPwindowsmodelprovides users with more input and output options than the TBSM
tool and is useful for evaluating complex hillslopes, swallersheds, andarious structural
impoundments (e.g. sediment basins and culveRsj the workshop we provided instructions

for importing the Tahospecific soil, management, and climate files developed in Phases | and II
of the projectsee AppendiC. After importing these files users have the ability to break
hillslopes into multiple OFEs, link more than one hillslope together using channels and
impoundments, and create simple watershdds workshop handout provides stepstep
instructions fotthe following applications: 1.) setting up a hillslope project, 2.) evaluating the
importance of using multiple OFEs on runoff amount and distribution for unique hillslope
shapes, 3.) assessing the importance of depth to bedrock on the amount ofrmdiieoéfston for
various climates, 4.) using the model to predict the change in water yield, and 5.) examining the
importance of canopy cover and multiple OF&ssnowmeltsimulationfor various climates. In

the workshop we also demonstrated how the mecalelbe used to design a sediment basin and
culvert.

The WEPPUI Watershed Approach

For large watershed applications it is highly recommended that the users apply theUIVEPP
Watershed approach to evaluate the impacts of management on upland runetfiarehs

yield. This approach was developad’hase | of the projeeaind applied to the Blackwood
Creek GeneraCreek Upper Truckee near Meyei.ogan House, and GlenbroGkeek
watersheds. This is a complex approach which requires users to be faitili&1S and
programming using PERL scripts, and to be comfortable working with large spreadsheets.
Detailed instructions were developed for the workshdpeyare provided in Appendix .C

Users are first required to run GeoWEf®Pdefining the watersltg breaking out hillslopes, and
assigning soil and vegetative management attributes to each hillslope. These files are then
modified and formatted using spreadsheets and PERL scripts to set up large batch runs. Mean

15


http://forest.moscowfsl.wsu.edu/cgi-bin/fswepp/tahoe/tahoe.pl
http://forest.moscowfsl.wsu.edu/fswepp/

monthly precipitation, maximurand minmum temperatureand canopy cover are calculated for
each hillslope using a GIS program and are arranged into a climate input file. The input files for
each hillslopein the watershed atben passed to the WEPP executable program and PERL
scripts are usd to extract water balance, soil erosion, and particle size information from the
output files Theseoutputfiles can be imported into a spreadsheet template which accumulates
output from each hillslope in the watershed and plots predicted versus abdatae Although

this watershed approach was successful at simulating streamflow and sediment load for large
watersheds in the Tahoe basin, it should still be considered asaebsitan until a more user
friendly computer interface can be developed the workshop materials we discuss the
limitations of using the GeoWEPP model as a stalode watershed program and why it was
necessary to develop the WERIPwatershed approach, see Appendix Each person at the
workshop was provided with a CD thatluded all the necessary GIS maps requiced f

applying the WEPRJI approach to any watershed in the basive demonstrated how to use
GeoWEPP on the Ward Creek watershed slr@lvedthe necessary steps to calculate mean
monthly precipitation statisticef each hillslope using ArcGIS.

VI. Summary

Overall this project demonstrated that the WEPP model is well suitedfia@sentinghe

extreme variability irclimate soils, vegetative conditions found in the Tahoe basin and can
successfully simiate streamflovand sediment transpart large upland watershed Through

meetings with local managers in the basin 13 potential WEPP applications were identified and
parameterized using existing datasets. These applications include wildfire, prebaritiad,

thinning, mulching, revedating slopesand road designA digital database which included all

the necessary input files and maps necessary to run WEPP anywhere in the basin was created and
distributed to managers at a tway training workshop

One of the main concerns with using the WEPP model had been that it was too complex and
difficult to use. To address this concersimple, webbased interface tool focused specifically
on Tahoe basin applications, called the Tahoe Basin Sedimergl Meas developed and
populated with the input files created by the projéair managers who are interested in more
complex hillslope applications Tahapecific nput files were created for the WEPP windows
program Finally, protocols were developed fapplying the model at the watershed scale using
the WEPPUI approach. Stepy-step instructions on using these tools were provided and
demonstrated at a twaay training workshop at the end of the project.

VII. Future Work/Limitations /Data gaps

Although these tools have now greatly simplified the application of the WEPP model in the basin
and have increased confidence in the predictive ability of the model, there are some key data
gaps and process improvements that should be addressed by futacesprgjrst, there is a

great wealth of experimental data quantifying infiltration rates and effective erodibility using
rainfall simulation experimentn 0.8 m x 0.8 m plots, however themerelatively few rill

erodibility experiments. Rill erodibtly and critical shear stress can be calculated from
experiments where variable flows are added teba long rill. We used much of the rainfall
simulation experimental data to quantify relative eB@dtvarious revegetation treatments on
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infiltration and erosionSome of these data indicateoweverthat the rainfall experiments were
not run long enough to reach equilibrium conditiofsiture rainfall simulation experiments
should ensure that steady state conditions are reached.

Since the WEPP motldoes not simulate nutrient dynamics it canmebably predict whether a
vegetative cover will establish or how quickly existing vegetative cover will ghdegetative

growth in the model is dependent only upon temperature and moisture conditionsianeésas
nutrients do not limit growth. WEPP is an ideal tool for predicting sediment transport for a
known surface covaand therefore we highly recommend direct, repeated measurements of
surface cover at application sities directuseas input to the mael. We also highly recommend
thatcontinued emphasise placed on adaptive management studies focused on developing the
most costeffective techniques for establishing and maintaining vegetative cover for various soils
and climates in the basin.

At the present time,ite WEPP model is not well suited for predicting stream sediment transport.
The algorithms in the model are only appropriate for small watersheds (i.e. less2isan 1

miles). In this project, daily watershed outlet predictions neglesttedr and deposition in the
stream network One option to account for stream sediment transport is to link hillslope ouput to
a hydredynamic stream sediment transport model such as the CONCEPTS(tramatgtndoen,
2000 which has been used extensivelythe basin. There is also-going work at Washington
State University towards improving/replacing the existing stream channel algorithms in the
WEPP model. This work shoulzkcontinued in order to provide managers with a complete tool
for evaluating cumlative watershed effects.

A Round 10 SNPLMA proposal (Elliot at el., 2009) was funded to further develop the online
interface, essentially enhancing the output to make it more compatible with the PLRM model
developed for urban erosion. Activities asated with this proposal will include carrying out a
survey of current fuel management practices and modeling needs in the basin, and incorporation
of the future climate database under development from Round 9 projects. In addition, a survey
of potentialdata sets useful for model development or validation will be carried out, and the
online interface will receive further validation.
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Table 1. Assessment of the snowmelt algorithms in WEPP at the eight SNOTEL sites in the Tahoe Basin. -ShecNtesh
Efficiency (NSETff), mean difference (MD), and root mean squemr®r (RMSE) are calculated using daily simulated and observed
snow water equivalent (SWE).

Avg. Avg. Avg. Avg.
woreLsie | o0 | fnua | Al Al AT | e | 0 | fhioE|  FMSERovs
(mm) (C) (C) | SWE (mm)
Hagan's Meadow 2370 776 134 -4.3 472 0.72 -43 101 21%
Fallen Leaf 1901 825 13.8 -2.6 218 0.73 6 40 18%
Heavenly Valley 2616 844 9.6 -3.0 709 0.90 -51 92 13%
Marlette Lake 2402 854 10.8 -1.3 650 0.88 -48 95 15%
Tahoe City Cross 2072 879 12.8 -0.1 404 0.91 -16 47 12%
Rubicon 2344 | 1057 10.4 1.0 781 0.81 -61 144 18%
Echo Peak 2338 | 1497 12.0 1.1 1145 0.87 -94 170 15%
Ward Creek 2028 | 1705 13.5 -2.6 938 0.82 14 159 17%
Awerage 2259 1055 12.0 -1.5 665 0.83 -37 106 16%
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Table 2 Hydrologc assessment of the WEPP model for the five Tahoe watersheds. Averages are provided for the y2@051989
Streamflow simulations are assessed using the-Sagtliffe Efficiency (NS Eff) statistic. Simulated total streamflow is divided into
three prmary constituents: surface runoff, subsurface lateral flow, and baseflow. Simulated groundwater loss represents flow that

bypasses the stream gages station either recharging the lake directly or being stored in a groundwater aquifer.

Percentage bTotal Streamflow
Obs. Sim . . Sim.
NS Eff Water Water Sim Sim Pct Sim Pct Mear_l A”r?“a' Groundwater
Watershed . . Pct Subsurface Precipitation
Streamflow | Yield Yield Baseflow Losses
Runoff Lateral (mm/yr)
(mmlfyr) | (mml/yr) (mml/yr)
Blackwood 0.40 1045 1062 12.8% 47.3% 39.9% 1620 0
General 0.60 738 753 28.2% 10.3% 61.5% 1281 0
UTRnr. Meyer 0.52 894 873 43.8% 25.3% 31.0% 1315 0
Logan House -0.63 96 102 7.7% 9.3% 83.0% 807 177
Glenbrook 0.44 153 156 2.2% 23.1% 74.7% 716 81
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Table 3. Simulated averaganual total and fine sedimgrt20 um)yield from upland hillslopes and observed sediment load at the
watershed outlet.

Avg. Total Sediment| Avg. Fine Sediment Meqllan Total Median Fine S#iment
Load (Tonnes/yr) Load (Tonnes/yr) Sediment Load Load (Tonnes/yr)
y y (Tonnesl/yr) y
Weather NS ETf
Watershed Input Stream | Simulated | Observed| Simulated| Observed| Simulated| Observed| Simulated| Observed
flow

Blackwood Hourly 0.40 900 3098 487 1264 637 1990 356 771
General Hourly 0.60 0 252 0 69 0 114 0 53
UTR nr. Meyer | Hourly 0.52 7 356 2 NA 0 287 0 NA
Logan House| Hourly | -0.63 0 4 0 NA 0 1 0 NA
Glenbrook Hourly 0.44 0 5 0 NA 0 4 0 NA
Blackwood Daily 0.37 2101 3098 1197 1264 794 1990 461 771
General Daily 0.58 21 252 11 69 0 114 0 53
UTR . Meyer | Daily 0.50 41 356 24 NA 1 287 0 NA
Logan House| Daily -4.96 191 4 167 NA 3 1 2 NA
Glenbrook Daily 0.38 0 5 0 NA 0 4 0 NA
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Table 4. Dominant hydrology and sediment loads for Blackwiraeksoil types.

Soil Type Area SlJLZ?grr;éllCG Surbice | Sed. Paref‘t

Runoff Del. Material
Flow

Waca 31.3% 7.7% 6.4% 8.9% Volcanic
Sky 26.7% 21.2% 31.6% | 0.7% Volcanic
Ellispeak 15.7% 29.0% 12.2% | 14.9% Volcanic
Melody 14.9% 38.7% 25.5% | 65.8% Volcanic
Kneeridge 6.5% 1.0% 1.6% 0.0% Volcanic
Rock 2.5% 0.6% 14.2% | 9.2% Volcanic

Tahoe 1.3% 0.7% 1.9% 0.0% Mixed
Tallac 0.6% 0.1% 0.2% 0.3% Granitic
Pits 0.2% 0.0% 6.0% 0.2% Granitic
Mountrose 0.2% 0.0% 0.2% 0.1% Volcanic
Paige 0.1% 0.2% 0.0% 0.0% Volcanic
Watah 0.1% 0.7% 0.0% 0.0% Organic

Oxyaquic 0.0% 0.0% 0.2% 0.0% Mixed

Table 5. Dominant hydrology and sediment loads for General Creek soil types.

Subsurface
Soil Typel Area Lateral
Flow

Surface| Sed. Parent
Runoff Del. Material

Dagget 30.1% 62.4%| 95.4%| 86.2%| Granitic

Meeks 28.9% 2.5% 0.4% 0.1%| Granitic
Oxyaque | 22.7% 30.7% 3.8% 9.1%| Mixed
Rock 17.9% 4.4% 0.4% 4 5%| Granitic

Tallac 0.4% 0.0% 0.0% 0.0%| Granitic




Table 6. Dominant hydrology and sediment load f@RLhr. Meyes soil types.

Soil Typel Area SlJLZ?grr;éllCG Surface|  Sed. Pafe’.“
Runoff Del. Material
Flow
Rock 38.3% 41.9% 72.8% | 2.4% | Granitic
Lithnip 15.6% 29.2% 19.0% | 42.8% | Volcanic
Dagget 9.3% 5.2% 0.4% 0.0% | Granitic
Cagwin 8.2% 0.9% 0.0% 0.0% | Granitic
Bidart 7.8% 3.3% 0.3% 0.4% Mixed
Meeks 7.7% 1.2% 0.0% 0.3% | Granitic
Callat 7.5% 12.5% 3.6% 0.6% | Volcanic
Sky 1.8% 1.7% 0.8% 0.0% | Volcanic
Watah 1.1% 0.9% 0.0% 0.0% | Organic
Temo 0.9% 2.3% 0.8% 52.8% | Granitic
Water 0.8% 0.8% 2.0% 0.0% | Organic
Tahoe 0.5% 0.1% 0.1% 0.0% Mixed
Oxyaquic| 0.2% 0.0% 0.1% 0.8% Mixed
Cassenai| 0.1% 0.0% 0.0% 0.0% | Granitic
Tallac 0.1% 0.1% 0.0% 0.0% | Granitic

Table 7. Baseline granitic soil parameters (90% sand, 8% silt, 2% clay).

Interrill Rill Critical Keff Soill
Treatment Erodibility | Erodibility Shear Depth
(kg-s/nf) sm) | Ny | M)
Skid Trall 2700000 0.001 4 10 300
High Severity Fire 1800000 0.0005 4 15 300
Low Severity Fire 1000000 0.0003 4 20 300
Poor Grass 750000 0.0001 4 25 350
Good Grass 600000 0.00008 4 30 400
Shrubs 500000 0.00006 4 35 500
Thin or Young Forestl 400000 0.00004 4 40 600
Mature Forest 250000 0.00003 4 45 800
Bare 300000 0.001 4 25 300
Mulch only 300000 0.001 4 30 400
Mulch and Till 300000 0.001 4 35 500
Low Traffic Road 225000 0.0013 4 10 200
High Traffic Road 900000 0.005 4 10 200
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Table 8. Baseline volcanic soilqganeters (65% sand, 28% silt, 7% clay).

Interrill Rill Critical Keff Soil

Treatment Erodibility | Erodibility Shear Depth
(kg-s/nf) sm) | Ny | M )

Skid Trail 3000000 0.0008 15 8 300
High Severity Fire 2000000 0.0004 15 10 300
Low Severity Fie 1500000 0.0002 15 15 300
Poor Grass 1000000 0.00008 1.5 20 350
Good Grass 900000 0.00006 15 25 400
Shrubs 800000 0.00004 15 30 500

Thin or Young Forest| 700000 0.00003 1.5 35 600
Mature Forest 600000 0.00002 15 40 800
Bare 750000 0.0008 15 20 300
Mulch only 750000 0.0008 15 25 400
Mulch and Till 750000 0.0008 15 30 500
Low Traffic Road 250000 0.001 15 8 200
High Traffic Road 1000000 0.004 15 8 200

Table 9. Baseline alluviabd parameters (60% sand, 30% silt, 10% clay).

Interrill Rill Critical Keff Soil

Treatment Erodibility | Erodibility Shear Depth
(kg-s/nf) sm) | Ny | MY )

Skid Trail 2500000 0.0006 1 6 400
High Severity Fire 1500000 0.0003 1 8 400
Low Severity Fire 1000000 0.0002 1 10 400
Poor Grass 900000 0.00006 1 15 450
Good Grass 800000 0.00005 1 20 500
Shrubs 700000 0.00003 1 25 600

Thin or Young Forest 600000 0.00002 1 30 700
Mature Forest 500000 0.00001 1 35 900
Bare 600000 0.0006 1 15 400
Mulch only 600000 0.0006 1 20 500
Mulch and Till 600000 0.0006 1 25 600
Low Traffic Road 240000 0.0008 1 6 200
High Traffic Road 950000 0.003 1 6 200
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Figure 1. Simulated and observed snow water equivalent (SWE) depth at the Ward
Creek SNOTEL.
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Figure 2. Simulated and observed snow water equivalent (SWE) depthMarlette
Lake SNOTEL.
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Figure 6 Simulated and observed streamflow for Gen€ralek
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Figure 7 Simulated and observed streamflow for Upper Trudkieer nearMeyers
(UTR nr. Meyes).
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Figure 15 Simulated and observed streamflow and sediment load for Black@ead
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Figure 21 Simulated and observed streamflow and sediment load for Logan Boele
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Training Workshop Materials

Tahoe Basin Sediment Model



TahoeProject&dimem M odel

Air Water and Aquatic Environments & Department of Biological and Agricultural Engineering
Rocky Mountain Research Station, University of [daho
Moscow, Idaho 83843 June, 2010

Workshop Outline
June 1671 17, 2010

Tahoe Center for Environmental Sciences
Sierra Nevada College
Incline Village, Nevada

Organizers and Presenters:

Bill Elliot, Rocky Mountain Research Station, Moscow, 1D
Erin Brooks, University of Idaho, Moscow, ID

Drea Traeumer, Em Hydrology, Reno, NV

Wednesday Morning

Cross Drain

8:30 Welcome, Housekeeping Bill
8:45 Introductions Bill /
9:00 Overview of WEPP Erin ’ \

. . . S~ Eillsiope
10:00 Tahoe Interface Climate Selectic Bill ?Fore; — < —«;-
10:30 Tahoe Interface for Roads Bill Burf% ?

11:30 Tahoe Interface for Disturbed  Bill \ Sediment viela
Sites

12:30 Lunch at Cafeteria

Wednesday Afternoon

;E 07 N 1:30 Tahoe Interface Cover Bill
10 TR SN VS Calibrations

& o {\ AN N 2:00 Tahoe interface for Fuel Mgt Bill

E Ez P 3:30 WEPP Windows Tahoe Erin
S o % Climates, Soils & Vegetation

§ " o am m 4:30 Select Topics for Day 2 Bill &

Days Erin
5:00 Adjourn

Possible Selected Topidsor Day 2 (Will choose4)

Water yield; Winter processes; GeoWEPP; Waterbars on ski slopes or trails; Future climates;
Wildfire mitigation; Flood flows; minimum flows; Sediment basins (hill slope or watershed); Others
é



WEPP Workshop, June 2010, Tahoe Center for Environmental Sciences, Incline Village, NV p2

Thursday Morning

8:30 Selected Topic 1 Bill or Erin
9:45  Selected Topic 2 Bill or Erin
11:00 Selected Topic 3 Bill or Erin

12:15 Lunch at Cafeteria

e || el it | o Pt |

R L e |

Thursday Afternoon

1:15 Selected Topic 4

2:45 Tahoe Project Sediment
Model Interface Needs

3:15 Workshop Evaluation

3:30 Adjourn

Software sites:
FSWEPP:
http://forest.moscowfsl.wsu.edu/fswepp/

Bill or Erin

Drea

Erin

WEPP software and documentatidmip://www.ars.usda.gov/Researdocs.htm?docid=18084

GeoWEPPsoftware &documentation site: http://www.geog.buffalo.edu/~rensch/geowepp/

Email addresses:
welliot@fs.fed.us
ebraooks@uidaho.edu
drea.em@gmail.com
GeoWEPRIeveloper Chris S. Renschlarensch@ buffalo.edu



http://www.ars.usda.gov/Research/docs.htm?docid=18084
http://www.geog.buffalo.edu/~rensch/geowepp/
mailto:ebrooks@uidaho.edu
mailto:drea.em@gmail.com
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APPENDIX B

Training Workshop Materials

Tahoe Basin Sediment Model



TahoeBasin Sedimem M odel

Air Water and Aquatic Environments
Rocky Mountain Research Station,

University of Idaho

&Department of Biological and Agricultural Engineering

Moscow, l[daho 83843 June, 2010
Online Interface Workshop
l. Find the Web Site: http://forest.moscowfsl.wsu.edu/fswepp/
1. Select English units and enter your

2. Select théTahoe Basin sediment model

3. Ponder the interface.

Select the Desired Climate

Click |Custom Climatel

A\ s

click thePRISM| box.

SelectRubicon #2 Snotel and clickModify Climatel

Click |Return to Input Screen|

© NGO

10. Click [Run WEPP

. Select N of Rubicon CA|from Climate List.

Scroll to the bottom of the Region, sel@ahoe Basin and ClickiShow Climates|

Select the PRISM grid cell 2.5 miles north and clitde Prism Values|

C | i cAkljust Témperature for Elevation by Lapse Rate .

Name t h e |NGflRubicoa CAddan clickUse These Values|

11.At the bottom of the output screen, cligketurn to Input screen

Tahoe Interface for Roads
Basic Approach: Model likely current condition and compare to benefits from reducing
traffic, outsloping the road, or paving.

A. Most Common surfaces, high traffic and rutted, insloped, or flat.

1. In Soil Textue Box, seledgranitic

2. For the upper element, sel@étiyh traffic road

and for the lower elemefftin or young forest
3. Specify the topography:

4%
4% 200 ft
20%
15% 50 ft

4. Click|[Run WEPP|and fill in the first line in Table 1 on the next page.

B. Low Traffic: Change td.ow Traffic Road andRun WEPP)

Aper s

Note the Rubicon Climate (Seems a bit on the dry side), and in the upper right corner


http://forest.moscowfsl.wsu.edu/fswepp/
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C. Outsloped Road: Selegigh Traffic Road, change upper length to 30 feet, and

Run WEPP | (total area remains unchanged).

D. Paved RoadSelect Rock/Pavement|in soil box, Change upper length260 fi,
High Traffic Road in Treatment aniRun WEPP

E. Add Waterbar: Seletiigh Traffic Road|, Granitic Soil, Upper length ig00 ft,
(Assume area remains unchanged).

Table 1. Results of Road Erosion Runs

Climate Station: Annual Precip: in.
Road Length: ft Road Width:__14 ft Area: Acres
Buffer Length: ft Buffer Width:_14 ft Area: Acres
(43,560 Square feet = 1 Acre)
Road + Buffer Area: Acres
Runoff (inches) Road Erosion Road + Buffer| Delivery from
Rate Delivery Rate buffer
Road Surface | Rain | Snow | Total | (tons/acre) | (Tons/acre) Tons
Questions?

IV. Tahoe Interface for Fuel Management
Basic Approach: Esti mate Abackgroundo sedi me

Compare background to erosion assted with thinning and prescribed fire.
A. Undisturbed Forest Erosion:

1. Select climatéN of Rubicon | and soil granitic]

2. Specify upper and lower treatments tq ld@ture Forest]
3. Specify Slope to be:

20%
30% 300 ft
30%
10% 100 ft

4. and enter sedient delivery into Table 2 (Columifs) and(5)).
B. Wildfire beforetreatment:

1. Change upper treatment|tdigh severity fire || 30 | percent cover
and lower treatment {d.ow severity fire || 50 | percent cover

2. and enter sediment delivery intdta 2 (column(1)).




Tahoe Basin Sediment Model Workshop, June, 2010 p3

C.Calculate fibackgroundo sedi ment budget:

1. Divide the erosion in colum(l) by the return interval in colum{2) and enter the
results in columrg3).

2. Sum up the two average annual values in col{@to get the background sediment
delivery rate.

D. Estimate the sediment generated by thinning and prescribed fire:

1. For thinning, Upper treatment: sele€Thin or young forest |and set the cove
percent and the Lower treatment Mature forest | leaving the default cover gt00
percent.

2. |Run WEPP |and enter the sediment delivery in Table 2, column 5.

3. For prescribed, Upper treatment: se|éciv severity fire |and leave the default cover to
be[85] percent and the Lower treatment Bisture forest | with [100 | percent cover.

4. Run WEPP |ard enter the sediment deliveries in Table 2, coly&)n

E. Estimate the sediment generated by wildfire following fuel treatment:

1. Set the upper treatment|tdigh severity fire|,| 40 | percent cover and
the Lower treatment td.ow severity fire|,| 70 | percem cover.

2. |Run WEPP |and enter the sediment delivery in Table 2, col{&)n
F. Calculate ATreatedod sedi ment budget:

1. Divide the erosion in colum(d) by the return interval in colum{®) and enter the
results in columr7).

2. Sum up the four average annualued in column(7) to get the average annual treated
sediment delivery rate.

3. Discuss the background versus the treated sediment delivery. The extra sediment from
roads, if any, may also need to be considered (low traffic roads become high?)

Table 2. Sumnary of Erosion Analysis for Fuel Management

Column: 1) (2) 3) (4) (5) (6) (7)
No Sed Return | Annual Treated Sed Return Annual
Treatment | Delivery | Interval | Average Delivery | |nterval | Average

(t/a) (years) | (t/alyr) (t/a) (years) (talyr)
Forest 1 Forest 1
Wildfire 40 Thinning 20
Rx Fire 20
Wildfire 50
Background sediment delivery rate: Treated sediment delivery rate:

Questions?






