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channel floodplain system cannot transport except in the highest flows. When excessive coarse
sediment is deposited in a channel, the channel expands its width and depth by erosion into softer
materials (i.e. in case of UTR, meadow alluvial sediments) to compensate for the loss of flow
capacity due to the obstructing coarse sediment deposit. This process becomes self-reinforcing.

As each reach adjusts by erosion it releases more coarse sediment downstream that overwhelms
the next reach. This process appears to be the best explanation for the channel widening and
downcutting along the Christmas Valley reach of the UTR observed by long time residents. The
1940 aerials (Figure 2.6) show four bridge crossings over the UTR in alluvial reaches and each

of these has the same characteristics of fill in the floodplain and forcing all flow through a small
bridge opening.

Besides grazing, logging in the UTR watershed was another important land use. Logging created
roads and soil disturbance, which likely increased sediment supply to the river and to Lake Tahoe.
Intensive logging was confined to the area surrounding the UTR corridor below the Meyers
Highway 50 crossing; this included clear cutting and hauling. One method of log transport that
may have had an impact on the UTR was the creation of “splash dams.” Splash dams were
temporary structures that impounded river flow and created a pond where logs could be floated.
Once filled, the dam would be breached sending logs downstream to Lake Tahoe where they
could be floated to the sawmill. Figure 2.9 shows such an operation near the Highway 50 Elks
Club bridge, just downstream of the existing Lake Tahoe Golf Course (LTGC). Splash dams would
have sent a large volume of flow instantly down the channel with logs bumping banks along the
way. This method of transport would certainly have benefited from deepening and straightening
the channel; old timber “bumpers” have been found in the UTR channel below the Highway 50
crossing in South Lake Tahoe.

Later land use activities, such as the channelization of the UTR near the Lake Tahoe Airport and
construction of the LTGC, drove further channel incision in the 1960s. These events formed
eroding headcuts which have migrated upstream. The 1940 aerials show two recently cut off
meanders that appear to have been excavated by machinery such as bulldozers, which became
more readily available in the 1940s (Figure 2.6). The second phase of channel straightening

and deepening in the 1950s and 60s reinforced the earlier phases, and the results were similar:
increased bank instability, chronic supply of sediment from bank erosion, a lowered water table
and a decrease in wetland and riparian vegetation cover within the river corridor. The areas of
significant channel de-stabilization and erosion led to the installation of rip rap revetments to
protect bridges, sewer lines roads, structures and golf course facilities. The rip rap revetments
were generally successful at reducing bank erosion locally, but they resulted in erosion at nearby
locations, possess barren low value habitat and are an expensive long-term solution system wide.

In the early 1990s, several projects were attempted along the LTGC to stabilize banks through
use of bioengineered structures, incorporating logs and root wads into more naturalistic cobble
revetments. These were partially successful, but suffered from channel profile instability due

to headcut migration and the lack of scour protection at the toe. Preventing scour would have
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SWANSON HYDROLOGY + GEOMORPHOLOGY FIGURE 2.9: Photo of loggers using splash dam to transport logs. Saw logs were floated down the
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required excavation below the streambed, which was a construction method not in practice in the
Lake Tahoe Basin at that time.

Between 1998 and 2002, two stream restoration projects were completed on Angora

Creek yielding 7,000 linear feet of restored channel and floodplain. These projects involved
reconstruction of the channel and/or re-occupation of old remnant channels, but the main
objective was to overcome historic incision. The mouth of Angora Creek was relocated to near its
original location.

II.3 IMPACTS TO ECOSYSTEM

The ecological effects of the UTR channel deepening over the last 140 years have been profound.
While grazing, clearing land, controlling drainage, hunting and fishing directly impacted wildlife
habitat and populations, the change in channel morphology negatively affected habitat-
forming processes that sustained the original ecosystem. As described above, the original pre-
1860s hydrologic conditions in the Holocene floodplain and riparian zone were controlled by
groundwater levels that in turn were set by riffles in the low flow channel. With the channel
incision, the groundwater table dropped, which eliminated wetland vegetation species in favor
of drier upland species. Remnant channel oxbows show an abundance of wetter vegetation
communities that have survived lowering the groundwater table by extending roots; the absence
of saplings or young riparian plants and the invasion of species that favor drier conditions
(lodgepole pine) indicate that the hydrologic conditions favoring their regeneration are gone.
Many areas have converted from wet gaminoid meadows and obligate sedge wetland to dry
meadow and lodgepole forest.

The native fisheries of Lahontan Cutthroat Trout and Mountain Whitefish have been largely
extirpated from the UTR and the Lake Tahoe Basin, due to over-fishing and the introduction of
competitive game fish, such as rainbow trout, brown trout, and brook trout. Lake trout and
Kokannee have also been introduced into Lake Tahoe.

Aside from the direct effects of introduced species and over-fishing, the incision of the UTR has
had several effects. First the straightening of the channel reduced channel length and available
habitat between Meyers and Elk’s Club by two miles. The incision of the channel bed introduced
an increased supply of fine sediment, eroded from unstable banks into the low flow channel; this
often reduces substrate quality affecting spawning habitat and macroinvertebrate production (i.e.
fish food), however this has been partially offset by recruitment of gravel from bank erosion and
complex deposition patterns in the low flow channel. Perhaps most importantly, straightening
and incision has produced sections of channel that are homogenous in geometry and grain size
without pool development, riparian cover, gravel substrate, or the hydraulic characteristics that
favor foraging, refuge, spawning and rearing.
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Terrestrial wildlife was also affected by historic changes in land use. The early reclamation of

marsh areas for grazing reduced the available foraging areas for deer, bear and other mammals.
Vegetation clearing and reduction in riparian plants has reduced songbird and other avian habitats;
logging in the surrounding areas would has negatively impacted raptor and ow! habitats as well.

1.4 WAaTER QuUALITY IMPACTS

The water quality of runoff from the UTR discharged into Lake Tahoe has degraded as a result

of early land use changes. The introduction of grazing to the floodplain meadow areas and the
watershed introduced pathogens, elevated nutrient levels and increased areas of soil disturbance
and erosion. Grazing in the UTR project corridor occurred between the 1850s and the 1960s; in
the Upper Watershed grazing could have started in the 1840s, and at some periods, included
sheep grazing as well as cattle (Figures 2.10 & 2.11). Grazing along stream zones where the water
course was the main supply of drinking water often resulted in “chiseled” banks with barren

soils, a lack of vegetation cover and trampled substrate. The 1940s aerials indicate many barren
streambanks, a wide channel with fresh bars of sediment and little indication of recent vegetation
colonization. These features all suggest grazing impacts were significant in 1940.

Watershed conditions during the Comstock Era were also significantly affected by grazing and
logging. As described above, sheep and cattle grazing were seasonal uses in the Upper Watershed
area, particularly concentrated in meadows and lakes. Logging was intensive in the late 1800s

and early 1900s in the lower project area surrounding the UTR below Meyers in what is now
Washoe Meadows State Park. Historical accounts and the extensive stands of old growth Jeffrey
Pine, red fir and white fir indicate that Christmas Valley and the Upper Watershed were not logged
extensively. Shirley Taylor (2003) reports that her ancestors rejected a proposal to extend a rail line
into the Christmas Valley for increased logging access.

The history of Lake Tahoe suggests that the clarity of the Lake was not seriously affected,

or it recovered from Comstock Era logging and grazing. The period between the end of the
Comstock boom and the 1950s was relatively quiet in the basin with the unique exception of the
introduction of beaver into the watershed in the 1930s. Beavers are discussed in greater detail
below. Although the landscape changed forever after the Comstock Era, it appears to have been
fairly resilient to the effects of early land uses. That changed in the 1950s when the tourism
economy began its mercurial rise.

The expansion of tourism in the 1950s led to the development of summer homes and cabins in
the South Shore and Meyers area surrounding the UTR. The Tahoe Paradise development included
moderate density residential subdivisions, modeled after city suburban developments that had
expanded in the post-war boom. This style of development resulted in many roads criss-crossing
the landscape, including roads crossing steep terrain. Roads are the primary cause of watershed
disturbance, since their construction involves soil disturbance and erosion. Modification of

ecological system science hydrology + geomorphology restoration engineering



1910

2003

SWANSON HYDROLOGY + GEOMORPHOLOGY FIGURE 2.10: Photos of Round Lake taken in 1910 and 2003. Notice the heavy sheep grazing in
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FIGURE 2.11: Photos of Meiss Meadow taken in 1910 and 2003. Notice the heavy cattle
grazing in the 1910 photo.
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drainage patterns and localized hydraulic effects at road crossings that were often fill and culvert
structures caused significant hydrologic and ecologic disruption. Road crossings often sever the
continuity of streamflow and the riparian vegetation corridor and form barriers to the migration of
aquatic wildlife. The roads are a component of urban hardscape that hydrologically generate more
runoff than the natural landscape. Finally, roads provide access to undeveloped areas and lead to
construction of more structures and greater hydrologic modification.

Urban development requires the expansion of infrastructure, such as highways, sewer and utility
systems and dense commercial development. The Highway 50 corridor includes a commercial strip
of gas stations, restaurants, stores and other businesses. The emphasis on recreational uses has led
to construction of two golf courses, one in Meyers (i.e. Tahoe Paradise Golf Course) and the other
located at the downstream end of the project area (i.e. LTGC). These uses have led to significant
physical changes to the UTR and tributary streams, and perhaps more importantly, the introduction
of new pollutant sources of sediment, nutrients and urban toxins, such as hydrocarbons and heavy
metals.

The network of roads, commercial and residential development expanded quickly in the UTR Upper
Reach project area between the late 1950s and early 1970s. Over 2,500 acres of the land within
one mile of the UTR river corridor became developed urban land. Since the 1970s, the density has
increased with infill developments in both commercial and residential areas.

It became apparent in the mid 1960s that the rapid urbanization led to a significant decline in the
clarity of Lake Tahoe. The apparent resilience of the Lake to remain unaffected by land use impacts
was lost, and with greater understanding of the rate of clarity loss and the projected limnological
trends, the future of the Lake’s legendary clarity was at risk. The loss of clarity has been attributed
to an increase in algae growth induced by excessive nutrient and fine sediment delivery. Nutrient
inputs from the surrounding urban land use stimulate algal growth in this naturally oligotrophic
Lake. In the late 1960s, it was also apparent that treated and untreated wastewater effluent
discharged to the Lake was a contributing factor. In response, all of the wastewater generated in
the Tahoe Basin was exported, including construction of an export line along the UTR and over
Luther Pass. Other measures taken include restrictions on development and development and
implementation of Best Management Practices (BMPs) for water quality protection on all existing
and proposed development. A list of BMPs can be found in Table 2.2.

In addition to implemented and planned BMPs for roads and structures within the UTR watershed
(Figure 2.12A&B) and the greater Lake Tahoe Basin, the planning and implementation of stream
restoration projects along the UTR began in 1993 with the Cove East Project sponsored by CTC.
These projects are focused on water quality improvements, as well as ecosystem restoration.

The first phase of the Cove East or Lower West Side project was implemented in 2001 with the
removal of 82,400 yards of fill and restoration of a portion of the marsh destroyed in the late
1950s by the Tahoe Keys development. The second phase is investigating the restoration of the
lower three miles of the UTR, including what was once a deltaic/lagoon system near the mouth.

ecological system science hydrology + geomorphology restoration engineering



CLYO'LeyLE8 X4 88CO0'LIV'LES Hd
"qz1°z 2inbi4 01 199y €007 ‘Aenige4 09056 VD 'ZnJD BIUES 19235 U[BRWIT G |
"Hoday suonipuo) bunsixg :| aseyd 13(0id |013u0) uoisol3 A3j|eA sewisiyd woyy uade] ‘Auno) opeloq |3 ut swajqoid pajejai-peol paynudp| iz 319vL ADOT0Hd40N03D +ADOTOHAAH NOSNVMS

"1 1-7S5-9€0 NdV J0 A1BpUNOg UISYINOS W) SS0.0B PROY 33ET SSBID) JO SpIS ISeD U Bale pales|) | €€

"(Z01-87-9€0 NdY) [921ed 921MI3S 159104 0} JUOL} Ul B3I PapNUaq | 7€

"peOY e SSeID) JO 3PIS 159M U0 eaJe papnuaq | | €

*3ul| Modxa jo doy uo Ajpdauip 3q Ae|\| "pPeOY SYET SSBID) JO JPIS I1SES UO Seale papnusp 3yl | 0€

eale papnuaq | 67

"JUSWIBAI1 INOYNM JaAL 03Ul pue inojnd ybnolyl Smoj} peol woly Mo 18ayS | 8z

'SIUSA3 MOj} Ybiy Buinp peos umop Moy} 193ys | £

"600d-Z 1 £Z HaAIND YONOIY} SMOJ} OS|e Ja1eMm SIUIAS WI0YS Bulinp pue 0| 0d-z | £ HaAnd ybnoiyl smojy Jarem uoseas Ap buung -sieudoidde atow aq Aew auo asaym adejd uj SLBAINd om] | 97

"U0IS0J3 Jap|noys buiieald eale punoie-uiny mojdmous | Gz

‘peoy 3y sseln uo abupiul Aew yaiym 3aal) Jo apis uo buiwio) yueq ind | vz

*A3294102 pazIs 5q 10U 0S|e ABW LBAIND BY] “HIAIND BY3 Y1eausapun bulindd0 moj} awos yum paysenbs S| z00d-€1 €2 HaAIND | €7

"pazisiapun aq Aew LN | 00d-ELEZ HaAND | 7z

"MOJ} Y931 e SSeln pardallp-a1 bululeluod [auueyd apispeol BUIMO|LIBA0 ‘pROY 337 SSBID) JO 3PIS U0 Ud1Ip SPISPROI WOl ‘peoy aXeT SSelH umop :S321nos a|diynw woly buipooy} Aempeoy | |z
"£00d-C 1 £C HAAIND

01 UDMp 9pISPeO) UMOP ‘13|ul Y3 JO yuou 3y} 01 1sn[ paded sbeq pues Jano Smojy Ja1em suans mojy ybiy bulng  “800d-7 | £ HaAIND 10} MOJ} SSadxa Buneald wealisdn pasap usag Aew %aal) ayeq ssein 0¢

*A|1291102 pazIs Jou [suueyd apispeoy | 61

‘Mo dlydeibodoy paziedo| e uj paledo| Jou 0s[e S| LUBAIND 'SJUaAS Mojy ybly Burnp dn syaeq 9004d-z1L €7 HaAND | 81

"G00d-7 L £ HaAnd Jo weansdn (10-205-9€0 Ndv) Auadoid wuoy uonnjjod ¥poisan| [enuslod | g1

"Juawieal) sainbal 00d-7 | £ UIAINI 10 [suueyd 1IN0 | 1

‘Mmol4 Y61y burinp uoisols buisned ‘[auueyd Jo apis 3e pardalIp Sl #00d-Z | ¢ HaAnd woly abieydsiq | €1

*A12a1103 pazis aq 10u Aew pue bulposd si jpuuey) | 71

"flessadauun aq Aew 1eyy 1no-jnd apis peoy | ||

‘Jno-||nd apis peol 1e Huijood pue peos 3y} 430 Buimojy i 1a1epn | 01

*SIUSAS YOIy BuLinp MOJH3A0 JO 3USPIAS 0S|y “|aUUBYD Paul| 3201 [einieu o3ul buipes| |suueyd Buipols Jo dUSPIAT | 6

"peOY e SSRID) SS010P MO 183Ys buneas |jews 003 3q Aew 700d- | €7 01Ul buipes| [guuey) ‘sjuans wiols buunp swef sugap sadusLadxa 700d-zL ez MaAn) | 8

"7004d-7 1 £ HaAIND 01Ul pue eale SIyl ydnouyl Smojy 68 MH Wwoly yjouny | /£

*BULIN320 35N JO JUNOWE 3y} 104 PazIsIano 3q Aew ino-|nd apispeoy | 9

*BulIN20 3sn Jo Junowe 3y} 1o} pazisiano aq Aew no-jind apIspeoy | §

"313y s|0od 0s|e | 004d-7 | £¢ HAAIND WOl J91eM YIeq $S3dx3 "aJay pausodap SI Z00d-68d\4 MaAND WoJ pues 'sjuaAs wiols buinp sjood sa1ep | v

‘(1 1-75G-9€0-NdY) 199435 Y1 ss0.0e [321ed 01U pue Aempeol J9N0 S906 MOJJ SSIXT J9IUIM Ul 32334 03 AOUSPURL SeY |00d-ZLEZ Hannd | ¢

"B3JE S|U} JOJ JUSWIES} JUSLIND ON PeOJ JO 3pIS Uo buienwindde pues | 7

JUBWILA.] SeY HAAIND JBYUBN "1 0D-68dYd HaAIND ybnoiyl padlioy st Jalem ay] “pues Aempeol woly pabbnid st z00d-68dv4 HaAND) | |

uondisaq wajqosd | al




o

----------

e

| LEGEND

4
| — HIGHWAYS / STREETS

RIVERS / STREAMS

— >~ PERENIAL

o
~ >~ INTERMITENT

“-. EPHEMERAL

{ LAKE / POND
[ WATERSHED BOUNDARY
EXISTING BMP PROJECTS
A SEDIMENT TRAPS

@  SEDIMENT BASINS

1.0

Miles 1:31,680

SWANSON HYDROLOGY + GEOMORPHOLOGY FIGURE 2.12A: Map indicating existing BMP projects for the Upper Truckee River Watershed.
115 Limekiln Street Santa Cruz, CA 95060 Data source: www.dot.ca.gov/dist3/projects/tahoe.

PH 831.427.0288  FX 831.427.0472




LEGEND

= HIGHWAYS / STREETS / ROADS

[ | UPPERTRUCKEE RIVER WATERSHED

@ LAKE/POND
<~~~ PERRENIAL STREAM / RIVER
-~ INTERMITENT STEAM

~ EPHEMERAL STREAM

EL DORADO COUNTY DOT PROPOSED IMPROVEMENTS
- ANGORA CREEK SEZ RESTORATION PHASE 1 (SUMMER 2004)

4

4l

e I:I CHRISTMAS VALLEY EROSION CONTROL PHASE 2 (2005)

- ANGORA CREEK SEZ RESTORATION PHASE 2 (SUMMER 2005)

I:I CHRISTMAS VALLEY EROSION CONTROL PHASE 1 (2004)

A CHRISTMAS VALLEY PROPOSED IMPROVEMENTS (SEE TABLE 2.2)

CALTRANS PROPOSED IMPROVEMENTS

wmmm DRAINAGE IMPROVEMENTS AND ROADWAY REHABILITATION FOR

Miles 1:31,680

RT. 89 FROM HWY. 50 TO THE ALPINE COUNTY LINE (2010)

mmmm BRIDGE AND BARRIER RAIL IMPROVEMENTS, AND ECHO SUMMIT
WATER QUALITY IMPROVEMENTS (DATE TO BE ANNOUNCED)

DRAINAGE IMPROVEMENTS AND ROADWAY REHABILITATION FOR
mmm= HWY. 50 FROM ECHO LAKE TO SAWMILL ROAD (DATE TO BE
ANNOUNCED)

DRAINAGE IMPROVEMENTS AND ROADWAY REHABILITATION FOR
WEEE HWY. 50 FROM SAWMILL ROAD TO SOUTH LAKE TAHOE AIRPORT
(DATE TO BE ANNOUNCED)

Al W WL

SWANSON HYDROLOGY + GEOMORPHOLOGY
115 Limekiln Street Santa Cruz, CA 95060
PH 831.427.0288 FX 831.427.0472

FIGURE 2.12B: Map indicating road-related drainage, erosion, and sediment control projects proposed by CalTrans and El Dorado
County for the Upper Truckee River Watershed. Data source: www.dot.ca.gov/dist3/projects/tahoe and County of El Dorado
Department of Transportation.
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A plan for restoring or enhancing the Middle Reach of the UTR between the lower Highway 50
crossing and Sunset Ranch was completed in January of 2003 and is set to enter a design phase
by January of 2004; project construction may begin as early as summer of 2005. The restoration or
enhancement of the UTR Upper Reach is the focus of this report.
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lll. Existing Conditions

The preceding discussion of historical changes to ecosystem function leads to the present
conditions and the baseline conditions for any environmental restoration or enhancement projects.
The following chapter presents existing conditions information and data for individual areas of
concern to be used in the evaluation of the impacts and benefits of potential alternatives. Each
section below provides a description of present conditions and the opportunities and constraints
for development of restoration and enhancement options.

l1I.1 HyproLogy, WATER QUALITY AND GEOMORPHOLOGY

The UTR experiences cool dry summers and wet, cold winter seasons. The average precipitation
for the UTR is around 32.8 inches, most of which occurs as snow between November and April.
Table 3.1 shows the average monthly precipitation data for the station operated by NCDC near
Tahoe City over the past 30 years. Although the bulk of precipitation occurs as snowfall, there are
periods during El Nino years when large warm rainstorms occur in the middle of winter and melt
the existing snowpack to create the highest peak streamflows of record. These events are referred
to as ‘Pineapple express’ storms for the entrained subtropical jet stream that delivers warm
moisture to the Lake Tahoe Basin following a winter snowfall. Outside of the main winter snow
season, there are periods of rainfall during summer thunderstorms and the beginning and end of
the winter season when the weather is warmer. Thunderstorms can be intense, as demonstrated
by the storms of August 21, 2003, when nearly 1 inch of rain fell in South Lake Tahoe within a
few hours.

Table 3.1: Mean monthly and annual weather data for the Lake Tahoe Basin area. Mean maximum and minimum
temperature and mean precipitation provided by the NCDC Tahoe station near Tahoe City for 1971-2000
(www.wrcc.dri.edu)

Jan | Feb | Mar | Apr | May | Jun Jul | Aug | Sep | Oct | Nov | Dec | Annual

Mean Max.
Temperature | 40.5 | 42.0 | 45.1 | 51.4 | 60.1 | 69.2 | 775 | 77.0 | 70.1 | 60.0 | 479 | 41.4 56.9
F
Mean Min.
Temperature | 20.1 | 21.3 | 243 | 27.7 | 33.5 | 39.6 | 44.7 | 448 | 39.6 | 32.3 | 255 | 20.6 31.2
(F)
Mean
Precipitation | 6.01 | 571 | 457 | 1.82 | 1.21 | 0.77 | 0.33 | 0.46 | 0.90 | 1.95 | 4.25 | 468 | 32.74
(in.)
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[I.1.A Hydrology

A USGS stream gage in the Study Area of the Upper Truckee River is located 1000 feet
downstream of the Meyers Highway 50 crossing. USGS gage #10336600 operated from 1960-
1986 above Echo Creek and the current stream gage, USGS gage #103366092 located below
Echo Creek (see Figure 3.1 for locations), has been collecting data since 1991. Figure 3.2A shows
the average annual and annual peak discharges measured at the two gages since 1960. The
average annual discharge is 72 cfs over the 38 years of record. Figure 3.2B shows the average
annual hydrograph as measured at the gages. Figure 3.3 is the monthly probability of exceedence
for the Upper Truckee River at Meyers and shows the variance in monthly flow between wet and
dry years.

Streamflow on the UTR is dominated by snowmelt runoff in the late spring-early summer months.
The flow duration curves for spring (March through July) and winter (August through February)
periods presented in Figure 3.4 show that the spring series has higher flows for the bulk of
discharges (50 to 99.9% of time flow exceeded), but the winter series has higher peaks during the
less frequent events (1 to 10% of time flow exceeded). The flood of record occurred on January 1,
1997 and resulted in a peak flow of 5,120 cfs at the Meyers USGS gage. This storm occurred after
a series of snowstorms that left several feet of snowpack at lake level (6200 feet MSL). The storm
of December 31, 1996 and January 1, 1997 was a classic “Pineapple express” storm with the
resulting storm producing rainfall below elevation 8,000 feet. The rainfall rapidly melted the snow
and essentially doubled runoff volumes. Flood damage and geomorphic change was unusually
light in most reaches of the UTR, although in many areas significant bank erosion occurred, as well
as channel incision and localized channel avulsions in Christmas Valley.

The annual and partial duration series peak flood frequency analyses for the Meyers gage is shown
in Table 3.2. The partial duration analysis incorporates all flows exceeding 200 cfs for the period
of record, in contrast to an annual series, which includes the single highest flow each year of
record. When the rainfall events are separated from snowmelt significant differences are revealed
between snowmelt and the rain on snow events, which produce the largest floods. For example,
a 50-year discharge for the rain on snow events is 4160 cfs versus 1550 cfs for snowmelt (using
the partial duration analysis). This difference is significant from a geomorphic perspective, as the
landforms and geomorphic work produced by these two events are distinctly different; this is
discussed in greater detail below; evidence shows that the channel forming processes are more
related to annual snowmelt flow than large rain on snow events, which have occurred in 1997,
1986, 1974, 1964 and 1955.

l11.1.B Water Quality

The main water quality concerns on the UTR are sediment, nutrients (nitrogen and phosphorous),
iron, and to a lesser extent other urban runoff pollutants such as heavy metals, pesticides and
hydrocarbons. The water quality data reviewed for this project was limited to fine sediment,
nutrients, and iron data collected and provided by other sources.
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FIGURE 3.1: Location of water quality and streamflow gages in the Upper Truckee River
Watershed.
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FIGURE 3.4: Flow duration curves for the annual, spring, and winter series for the USGS
streamflow gages on Upper Truckee River at Meyers, #10336600 (1961-1986) and
FX 831427.0472 #103366092 (1990-2001). Data is compiled from mean daily discharges.
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SWANSON HYDROLOGY + GEOMORPHOLOGY
Chapter 3: Existing Conditions - Hydrology, Water Quality, and Geomorphology

SEDIMENT

The UTR transports a wide range of sediment sizes from boulder to fine silts and clays and
dissolved constituents (wash load). In general, the coarser sediments (cobble to gravel and sand
sizes) can affect channel stability and substrate quality when released in excessive quantity; these
effects are discussed further in the geomorphology and aquatic habitat sections. Fine sediment
discharge (ranging from fine sand to clay sizes) has the greatest impact on the clarity of Lake
Tahoe. Fine clay particles have a high affinity for adsorption by phosphorous and iron, thus
transporting these nutrients to the Lake, where disassociation process can release these nutrients
into solution at a later time. Also, fine sediments originating from volcanic rocks can become
dispersive clays and remain in suspension in the water column for long periods of time. Excessive
fine sediments also originate from soil disturbance areas along roads and developed areas (an
assessment of erosion along roads in developed areas is presented in Section IIl.1.C).

A recent study by the USDA (Simon et al 2003) was conducted on the relative annual fine
sediment sources to Lake Tahoe. The USDA Study found that the UTR is responsible for the
highest annual sediment delivery to Lake Tahoe (2200 T/yr) followed by Blackwood (1930 T/yr)

and Second Creek (1410 T/yr). These findings are not surprising given that the UTR has the

largest drainage area of all Basin streams. The Upper Truckee River was also found to be the
greatest contributor of fine sediment with an annual load of 1010 T/yr and the majority of the fine
sediment sources in the UTR were found to originate within the channel due to increasing land use
disturbances and channel instability (Simon et al 2003).

Continuous fine sediment measurements in the UTR have been collected at four locations in the
UTR by R. Wigart of the City of South Lake Tahoe (CSLT) (see Figure 3.1 for CSLT TR monitoring
locations). At each of these locations the CSLT has installed YSI data loggers complete with
turbidity probes, capable of measuring stream turbidity on 15-minute intervals. The turbidity
readings (NTU) can be calibrated to total suspended sediment (TSS) concentrations when
instrument readings are correlated to grab sample TSS concentrations. The CSLT provided all of the
available turbidity and grab TSS data to SH+G for interpretation. Only data from the monitoring
stations TR4 and TR3 are discussed in this report, since these sites border the upstream and
downstream ends of Reaches 1-4 (Elks Club Highway 50 crossing to Meyers Highway 50 crossing).
Figure 3.5 presents the 2003 real-time turbidity data from TR4 (Meyers Highway 50 crossing)

and TR3 (Elks Club Highway 50 crossing) along with 15-min streamflow data and illustrates

that spring snowmelt delivers and carries a consistent fine sediment load, while flashy summer
thunderstorms can mobilize high amounts of sediment in short periods of time. Based on TSS
grab samples, a rating curve was created for each runoff event type and the real-time turbidity
data can be converted to TSS loads (Figures 3.6 and 3.7A). Figure 3.7B presents the upstream
and downstream instantaneous fine sediment loads measured during the 2003 snowmelt event.
Figure 3.8 compares the total and daily peak snowmelt and thunderstorm fine sediment loads
upstream and downstream of the Study Area. Two important findings are illustrated in this data:
(1) The sustained elevated flows produced during spring snowmelt result in a total fine sediment
load of over 900 tons over a 37-day period in 2003, an order of magnitude more sediment than
that the summer thunderstorm series (69 days), and (2) Based on visual observations of the stream

ecological system science hydrology + geomorphology restoration engineering
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Turbidity data provided by CSLT
Discharge data provided by USGS gage #103366092

FIGURE 3.5: Continuous real-time turbidity data collected by deployed YSI data loggers at
sites TR3 and TR4 by City of South Lake Tahoe. Upper Truckee River at Meyers discharge
recorded by USGS streamflow gages is also plotted. See Figure 3.1 for site locations.
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SWANSON HYDROLOGY + GEOMORPHOLOGY
Chapter 3: Existing Conditions - Hydrology, Water Quality, and Geomorphology

bank conditions and the data presented in Figure 3.8, the fine sediment loads may increase
downstream through the project Reaches 1-4 as result of channel bank erosion, a finding similar to
the results presented by Simon et al (2003) on the fine sediment source in the UTR.

NUTRIENT AND IRON DATA

Over the past 30 years, Lake Tahoe has shifted from a nitrogen-limited oligotrophic system

to a phosphorous limited mesotrophic system (Goldman 1988). The clarity of Lake Tahoe has
significantly been impacted by the delivery of phosphorous and potentially iron (Fe) (Chang et al
1992) from the surrounding land uses. The shift of the nutrient that limits primary productivity
from N to P has profound implications on the future management of nutrient inputs to the Lake
to reduce the annual rate of clarity decline of 1 foot per year, as estimated by researchers at Tahoe
Research Group. The reduction of biologically and particulate P to the Lake will have the greatest
immediate benefit on the metabolic rates of the phytoplankton in the Lake. Event based nutrient
sampling conducted by SH+G in cooperation with the TRPA wetland efficiency study (SH+G
2003) found that ground surfaces subjected to the application of anthropogenic fertilizers can
result in two orders of magnitude higher concentrations and runoff loads of biologically available
P levels than runoff emanating from residential or industrial surfaces. The above SH+G findings
lent to current efforts by TRPA to significantly reduce the concentration of P applied to manicured
grass surfaces, thereby increasing the fertilizer management requirements of golf courses and
recreational facilities. Based on the available surface water nutrient data available for the UTR
(CSLT and the USGS), no definitive findings can be made to determine the water quality impact of
the LTGC or other land use practices at this time. The data that is available is presented below.

In addition to turbidity measurements, the CSLT collects periodic water samples for nitrogen (N)
and phosphorous (P) constituent analyses during elevated flows in the UTR. Figures 3.9 and 3.10
provide the N and P sample concentration data for samples collected and analyzed from TR3 and
TR4 since May 2002. The relatively high analytical detection limits for the biologically available N
and P species does not provide enough meaningful data. The TKN concentrations appear to be
relatively consistent over the array of sampling but TP values were significantly elevated relative to
other events during the summer thunderstorm sampling in August 2003 and may be the result of
the high fine sediment loads observed during this flashy event.

The additional water quality data available for the UTR system is the periodic nutrient grab
sampling done by the USGS at each of their three streamflow monitoring stations (Figure

3.1). Figures 3.11A-C present the daily loads from each of the three sites of the biologically
available dissolved nutrient constituents (dissolved phosphorous (DP), dissolved nitrate (NO*) and
biologically reactive iron) that would have the greatest immediate impact on the phytoplankton
growth once delivered to Lake Tahoe. The instantaneous streamflow at the time of sample
collection is presented in Figure 3.11D, to illustrate the strong correlation between daily loads
and discharge, thus the bulk of nutrient loads are delivered to the Lake along with the greatest
streamflow volumes.

ecological system science hydrology + geomorphology restoration engineering



"suonedo| ajdwes 4o} | "€ ainbi4 995 “spouad

uon23||0d £00Z PUB Z00Z 8y} BuLNp Ry pue €4 suorels 1e pajds||od sajduwies N3 L pue aleJHN 04 elep UONeliusduo)d :6°€ 34NSI

CLYy0'Ley e Xd 88C0°LCV'LEB Hd
09056 VD 'ZNiD elUES 13315 U[BRWIT GL |
ADOTOHdYOWOID + ADOTOYAAH NOSNVMS

ajep uon?||0d 3jdwes

€0/2/9

€0/20/8 €o/LelL

mo\om\mi €0/¢es 7 €0/9¢/€ 7 ¢0/6/L1 c0/81/L

- —

¢0/91/S

1'0

90

(weansdn) pY1 NYLO
(weansumop) €Y1 :N)L M

L0
80
60

(1/6w) uonenuaduod NY L

uaboaip >1uebig |e10)

€0/7/9

€0/¢0/8 €o/Le/L €0/0€/S 7 €0/ct/s €0/9¢/e ¢0/6/L1

| A

¢0/91/S

| (
/6w 100 1AW

00

€00¢ Ae|\ ur pareniul
41 a1 1e uondajjod a|dwes

¥0°0

- 90°0

(weansdn) Y1 :€ONO

800

- 10

- Clo

(1/Bw) SUOIIRIIUIIUOD 3}RIUN

(weassumop) €41 :EONH

v1'0

uaboiyip 8|qejieay Ajjesibojoig

91’0




ULYO' LTV LES X4 88T0'LTY LES Hd
"Suoled0| ajdwes 4oy} |°€ ainbi4 995 “spousd uoId9||0d €007 09056 VD ‘ZniD BIUBS 133115 U|dWIT G| |
pue Z00Z Y1 bulnp Y1 pue £yl suonels 1e pa3da||od sajdwies snoioydsoyd (10} pue d1eydsoydoynio Jo4 eep UORRIUSIUOD 0L '€ JYNDI4 ADOT0OHdYON0ID) + ADOT0YAAH NOSNYMS

a1ep uo01123||03 a|dwes

[*2)
£€0/20/8 €0/L7/L  |S| €0/0€/S | £0/TTS €0/97/€ 20/6/11 20/81/L 20/91/5
= 0
70 o
[
o]
ro
35
a1
1 80 8
2
L =
€Yl dlm 3
snoioydsoyd |ejo| =
Tl >
@
£€0/20/8 oL |1 €0/0€/S | €0/TTS 7 €0/92/€ 7 20/6/11 20/81/L 20/91/S
| S Y I I I B B ,,,_,,E,,_,,, o
/6w 100 1AW ~00 S
3
€00 Aen ur pateniul =
d -700 R
741 1S 1e uoid3||0d 3|duwies 35
g
. D
900 g
a
. [e°]
vyl :dyo0O 80°0 m,
€Yl dyom =
>
=10 El
Q@
o

snosoydsoyd a|qejieae Ajjedibojoig



CLYO' LTV LEB X4 8B8CO'LLV'LEB Hd
09056 VD 'ZNiD elUES 13315 U[BRWIT GL |
"SUOI1R]S BUIIOLUOW MO[JWRIIS SDHHSN 934Y) By} 1 painsesw se speo| snosoydsoyd panjossip Alleq :vLL € 34NoI4 ADOTOHdYOWOID) + ADOTOYAAH NOSNVYMS

aleq
> > > > > > > > > > > >
EEFe88Ed et RedRESREErTegReEdRsedgeadsn
O O ©O O O VW VW VL VW VOV VW OV VL O VOV VOV O VV VOV OV VL VW VOV O OV L O Vv O VOV VL VL VOV VL VW ©®©
_ = O O O VW VW W 0 0 0 N N N oooooy U LT LT B B D W W W N NN 2 =2 a2 O o o v
oo o S RO OO o0 70+30°L
90+30°G
()
%
° ° "
fe) b [ J r
® ° o £0+30°L
Q e L
° e I
() L
[ ] ° o @ L
PY T L0HISTL 5
r «Q
S
i £
° ° i
L0+30°C
L0+3S°C
Iw bs y5=vq :30ye] 3%e7 yinos 1y @
. 1w bs ye=yq :s19hs|A Je3U G AemybiH 1y © L
w bs |'y1=yq :s19hs|\ Jesu peoy aaxpni) Jaddn 1y o -
[ [ [T [ [ T [ T [ [ T 7T [fLO0+t0%¢




ZLY0'LTV'LES X4 88T0'LTY'LES Hd
09056 VD ‘ZNID EIUS 193115 UIBWIT G |

'SUONE]S BULIO)UOW MO[JUIE3S SDSN 93.U) BY) 1B PRINSEIW Se SPeo| d1elu paAjossip Ajied :g@LL"€ 3UNOIS ADOTOHdYOINO0ID + ADOTOYAAH NOSNVMS

68-23d

0+30°L

90+30°G

£0+30°1

L0351

£0+30°C

fep/bw

£0+3G°C

L0+30°E

1w bs y6G=yq :20ye] 3%e] Yynos 1y m L0+3G°E
1w bs ye=vq :s19A3|A Jedu g Aemybiy 1V @

1w bs |'y1=yq :s1afsp\ Jeau peoy aaxdni) Jaddn v O

L0+30°F




CLYO' LTV LEB X4 8B8CO'LLV'LEB Hd
09056 VD 'ZNiD elUES 13315 U[BRWIT GL |
"SUOIIe1S BULIOTUOW MO[JWE3IIS SDHSN 934U} Y} 1B PaINSesw Se speoj uodl aaideal Ajjlesibojolq Ajled :JLL'€ 34NOI4 ADOTOHdYOWOID) + ADOTOYAAH NOSNVYMS

aleq
= = = = = = = = = = =
=58 =z58s§8 5858888583888 =s88s8¢
S & S & & © © VW W © VW © © © © © © © © © © © © © VW W ©W VW OV 0 b O O
—_ _ o o o (o) (Vo] (Ye) [e5) (o] [e7) ~ ~ ~ ()] (o)) ()] (O] (%) (O] EN N EN w w w N N N _ -— _ o
/ s WYV G ; T BAAEN
Wy |
S % A
v - 100
v v v v v Vv
v v 444 ‘d i
v v -
v
< |
v g v v .
v Yy 60+30°1
v L
v \ v |
L / L
v 3
60+35°1 K
L g
<
v L
60+30°C
v 4 -
< I .
60+35°C
Iw bs yG=vq :d0ye] axe7 ynos 1y v i
v 1w bs ye=yq :s19h3|A Jeau oG AemybiH 1y v |
Iw bs |'y1=vq :S19A3|N Jeau peoy a9xdni] Jaddn 1y v -

[ [ [ [ [ [ [ [ [ I I I 60+30°€




CLYO' LTV LEB X4 8B8CO'LLV'LEB Hd
-V L€ S2Inbi4 Ul UMOYS SIUSNHISUOD 3Y) Se W} SWEeS 3y} 09056 VD ‘ZNiD elUBS 183115 U|BWIT G| |
18 U3 e} 2J9M S9|dweS "SUOIIR]S BULIOLUOW MOJJWEILS SDSN 321U} SY) 1B PRJNSESW Se MO|JWeaJ}S SNO3UrIUBISU| :dLL € 3YNDI4 ADOTOHdYOWOID) + ADOTOYAAH NOSNVYMS

aleq
EEZREETRETRETREEREEREERER
S O O O b VW VW VW VW W W W L © W W W  © W W O O
- = O O O VW VW VW 0 0 0 N N N oo LT LT L1 B b &
&
%
®» oso M © w- ¢ 8, 005
o © e 0% 2 i
* . % .
3 4 8 S $ % * :
* * * L J ® * o3 |
* o
. Wo I
o ool =
2 4 'S i m
< i ©
o
o : 2
i S
o
00SL B
. H
000¢
08S9EE€0L# SDSN :Siakaly Jeau peoy asxdn. Jaddn 1y © -
¢ 76099€€0 L#SOSN :SIBI 18 05 AmH 1Y & i
0199€E01#5DSN °0ye] oXET YinoSly & -
[ [ [ [ [ [ [ [ [ [ [ OomN




SWANSON HYDROLOGY + GEOMORPHOLOGY
Chapter 3: Existing Conditions - Hydrology, Water Quality, and Geomorphology

In 2002, the USGS released a report comparing the streamflow and water quality data for selected
watersheds throughout Lake Tahoe Basin (Rowe et. al. 2002). The UTR had the largest median
monthly loads for six of the seven constituents analyzed (nitrite, ammonia, total nitrogen, total
phosphorus, biologically reactive iron, and suspended sediment). However, it must be noted that
the UTR was also one of the largest watersheds studied and had the highest annual runoff. The
report found the following trends in seasonal and monthly loading in the UTR: the highest median
seasonal loads occurred in the spring during snowmelt, the lowest median seasonal loads were in
the summer months, the largest median monthly loads occurred in May, and the lowest median
monthly loads occurred in August, September, or October, depending on the constituent.

[11.1.C Geomorphology

The geomorphology of the UTR reflects the physical processes underlying ecosystem processes.
Watersheds produce water, sediment and organic materials, all of which interact with biological
processes to form aquatic habitat and riparian and wetland vegetation communities that in turn
form wildlife habitats.

The geomorphic assessment for the UTR Upper Reach Study Area has been divided into three
segments: the stability and geomorphic processes of the main UTR channel, the relative sediment
production from urbanized subwatersheds in the Meyers Area and Christmas Valley, and the
general geomorphic conditions in the Upper Watershed.

Main UTR CHANNEL MORPHOLOGY

The morphology of the UTR was analyzed using current and past aerial photographs, topographic
maps, specific surveys of channel forming features, hydrologic monitoring of the stream, and the
relation between geomorphic surfaces and flow. Based upon the results of these analyses, eleven
distinctive reaches were identified along the project reach (Figures 3.12 and 3.13A-E).

Longitudinal Profile

A longitudinal profile was field surveyed in May 2003 between Elks Club Highway 50 crossing and
Meyers Highway 50 crossing (Figure 2.5), which repeated and expanded profile surveys completed
by CDPR in 1993, 1994 and 2002 to reveal recent changes, especially from the record January
1997 rain on snow event. The long profile of Christmas Valley reach from Meyers Highway 50
crossing to the South Upper Truckee Road crossing was created using the 2003 LIDAR topographic
survey, which offers less detail (Figure 3.14), but still shows key details.

The 2003 longitudinal profile for the Elks Club Highway 50 crossing to Meyers Highway 50
crossing reach reveals several key features (Figure 2.5), including a flattened area in the lowermost
reach, where meander cutoffs and channel deepening have been pronounced, followed by
gradually steeper sections upstream. Two prominent grade control structures are found at station
2100 and 13000; the 2003 profile also reveals several significant active headcuts or knickpoints in

ecological system science hydrology + geomorphology restoration engineering
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SWANSON HYDROLOGY + GEOMORPHOLOGY FIGURI; 3.12: Reach break designations for the Upper Truckee River Upper Reach Study Area. Regches were identified based upon

115 Limekiln S i iz CASE0E0 analysis of aerial photographs, topographic maps, surveys of channel forming features, hydrologic monitoring of the stream and
Imekiin Street Santa Cruz, relationships between geomorphic surfaces and flow.

PH 831.427.0288  FX 831.427.0472 Data sources: USGS DOQQ, 1998. Lidar survey, 2003.
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SWANSON HYDROLOGY + GEOMORPHOLOGY FIGURE 3.13A: Map indicating the location of underground utilities relative to the Upper Truckee River (Reaches 1-3).
115 Limekiln Street Santa Cruz, CA 95060
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SWANSON HYDROLOGY + GEOMORPHOLOGY FIGURE 3.13B: Map indicating location of sewer and water lines relative to the Upper Truckee River (Reaches 4-5).
115 Limekiln Street Santa Cruz, CA 95060
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FIGURE 3.13C: Map indicating location of sewer and water lines relative to the Upper Truckee River (Reach 6).




