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1. PROJECT PURPOSE AND INTRODUCTION

The Truckee River Watershed Council (TRWC) requested that Balance Hydrologics, Inc.
(Balance) monitor streamflow and groundwater conditions at multiple locations in at
Perazzo Meadows, Sierra County, California. The purpose of the monitoring program is
to evaluate pre- and post-restoration hydrologic conditions in the Upper Little Truckee
River watershed as part of the Perazzo Meadows Restoration project. Monitoring
streamflow, groundwater levels, and their interactions are important for the following
reasons:

= Streamflow is the principal attribute affecting aquatic habitat and fish
populations;

= Little is known about shallow groundwater fluctuation and the amount that can
be retained in restored meadows;

= Limited documentation is available regarding the effect of meadow restoration
on downstream peak flows and mid- to late-summer baseflow;

= Observed conditions and restoration performance criteria need to be placed in
context of long-term variability in order to make reliable comparisons to other
systems and other years, (e.g. are initial post-project conditions representative of
extreme drought or above-average precipitation); and

= A continuous record of streamflow and groundwater levels allows for an
evaluation of the restoration program in terms of geomorphic and vegetation
changes that accompany trends in streamflow and groundwater levels for
which the project was designed.

This report summarizes groundwater conditions in Upper and Middle Perazzo Meadows
and streamflow at six different locations upstream and downstream of Upper, Middle,
and Lower Perazzo Meadows for water year 2012 (WY2012)1, the third year of a multi-
year hydrology monitoring program. This data report includes:

= A brief description of what measurements were made, and where;

=  Asummary of the measurements;

1 Most hydrologic and geomorphic monitoring occurs for a period defined as a water year,
which begins on October 1 and ends on September 30 of the named year. For example, water
year 2012 (WY2012) began on October 1, 2011 and concluded on September 30, 2012.
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» Daily, monthly, and annual streamflow values for the six gaging stations during
WY2012;

= Daily groundwater levels at 20 wells for select areas of the meadows;

= A comparison of annual peaks, daily mean, and base streamflow at measured
inflows to and outflows from Perazzo Meadows; and

= A comparison of groundwater level fluctuations in a restored meadow to
groundwater levels prior to restoration.

Gage maintenance and data collection is continuing during WY2013.

1.1 Acknowledgments

Funding for this project is from the U.S. Forest Service-Tahoe National Forest (from the
American Reinvestment and Recovery Act), awarded to the TRWC. Work was carried
out in coordination with the TRWC, the U.S. Forest Service (USFS), and the University of
California at Merced (UC Merced) and individuals from those organizations were
instrumental in helping to develop the monitoring program. Beth Christman of the
TRWC, Randy Westmoreland and Michael Pickard (formerly of the US Forest Service,
currently with UC Merced) conducted field monitoring and data collection activities as
part of this program.
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2. SITE DESCRIPTION

2.1 Perazzo Meadows

Perazzo Meadows is located in the Little Truckee Watershed, part of the Truckee River
Watershed, about 15 miles northwest of the Town of Truckee in Sierra County, California.
The Meadows are accessed from Jackson Meadows Road to the north and from
Henness Pass Road to the south (Figure 1). Its watershed comprises three named
tributaries: the Little Truckee River (termed Lacey Creek upstream of Webber Lake),
Perazzo Creek, and Cold Stream. The series of meadows is divided into an Upper,
Middle, and Lower Meadow (see Figure 1), separated by small canyons and volcanic
bedrock outcrop.

These sub-alpine meadows are situated in a glacially-formed basin, now filled with
glacial outwash and alluvial silt, sand, and gravel. The watershed reflects many of the
geologic events that have shaped the Central Sierra: the hillsides north and south of the
meadows consist of andesitic breccia, mudflow deposits, and welded tuff, while the
headwaters of Perazzo Creek drain meta-sedimentary rocks. A veneer of glacial till and
moraines are also present throughout the margins of the valley. A number of glacial
outwash terraces are present within the alluvium of the valley floor; most notably on the
south side of the Middle Meadow at an elevation approximately 30-feet above the
Middle Meadow. Remnant outwash terraces are also present on the northeast side of
the Upper Meadow, approximately 2- to 3-feet higher than the meadow surface. The
banks of Perazzo Creek and the Little Truckee River are typically composed of sand and
silty sand overlying gravel and cobble, with occasional exposures of silty clay underlying
the alluvial sediments.

Hydrology in the watershed is influenced by California’s Mediterranean climate and the
sub-alpine elevation. The watershed ranges from 6,459 feet above mean sea level (msl,
NGVD29) at the Lower Meadow to 9,148 feet msl at Mount Lola. Most of the annual
precipitation falls as snow, with occasional summer thunderstorms and eaurly fall
rainstorms. Annual peak flows tend to occur during spring snowmelt, but periodic rain-
on-snow events account for the highest flows. Perennial streams and associated wet
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meadows are supported by springs emanating from the adjacent hillsides, especially
on the south side of the valley, creating discharge slope wetlands.?

2.2 Restoration Activities

Prior to restoration, portions of the meadows had been converted from riparian low and
middle gradient meadows to dry meadows (Swanson, 2008). The channel followed a
meandering course through the meadow, and flow was largely contained in one
single-thread channel in most locations with limited floodplain connectivity. During the
summers of 2009 and 2010, the USFS employed a ‘plug and pond’ restoration approach
to block the channel with the aim of spreading water across the valley floor or
floodplain to reoccupy multiple relic channels that have been abandoned in an effort
to restore wetter conditions to the meadow.

2.3  Groundwater Monitoring

Balance and the TRWC established a groundwater monitoring program beginning in
summer 2009, just prior to implementation of restoration activities in the Upper
Watershed. A network of eleven shallow monitoring wells (‘piezometers’) was installed
in the Upper and Middle Meadows, supplementing four monitoring wells that had been
previously installed by the USFS. Wells were installed in the Upper Meadow on August
21, 2009, and the Middle Meadow on August 27, 2009. On September 23, 2009, several
piezometers were instrumented with water-level recorders, programmed to measure
and record water levels every 15 minutes. In order to relate changes in groundwater
level to water surface elevations in the channel, several staff plates were installed in the
main stream channel to monitor stream stage. Groundwater and stream stage
monitoring station locations are shown in Figures 2 and 3.

Piezometers were designed with the aim of measuring seasonal water-table
fluctuations, and range in depth from 4.1 to 8.0 feet below the meadow surface.
Piezometer locations were chosen to represent a range of geomorphic and hydrologic
conditions, including spring-fed areas with perennial saturation (e.g. Piezometers 09-02,
09-06), upland surfaces (e.g. 09-05, FS-14, 09-11), and areas adjacent to the main
channel (e.g. 09-03, 09-09), as shown in Figures 2 and 3.

2 Meadow and wetland terminology used herein is based on Weixelman and others’ (2011)
hydrogeomorphic classification system for the Sierra Nevada and Southern Cascade Ranges in
California.

209116 WY12 Report 01-15-2016 4



Balance Hydrologics, Inc.

Campbell well points were used to construct the screened interval of each piezometer,
with a nominal diameter of 1¥4 -inches, and connected via galvanized steel couplers to
1% -inch galvanized steel pipe. The well points were driven by hand with a fencepost
pounder until refusal, presumably in gravels or perhaps clayey silt at depth. In order to
evaluate potential vertical hydraulic gradients, a reflection of the upward or downward
movement of shallow groundwater, the piezometers were selected with screens only in
the bottom 24 inches. When present, vertical hydraulic gradients provide an indication
of the shallow groundwater flow direction, either downward from the surface into the
ground, or upward from the ground to the surface.

During the summer of 2011, UC Merced researchers installed a number of wells in Lower
Perazzo Meadow, where restoration had not yet taken place, and assisted with field
measurements of groundwater levels in the Middle Meadow and streamflow at the
Lower Perazzo Meadow outlet, as part of a Sierra-wide study of restoration effects on
meadow hydrology. Data from the UC Merced study are not included in our analysis at
this time.

Piezometers were monitored by TRWC and Balance staff beginning in September 2009.
Monitoring consists of measuring the depth to water with an electronic water-level
sounder and measuring the specific conductance and temperature of the
groundwater at each piezometer. Specific conductance measures the ability of water
to conduct electricity, and is a field surrogate for the concentration of total dissolved
salts in the water. Snow and rain have a very low specific conductance, (approaching
zero) and groundwater is considerably higher; as water passes over and through the
ground, salts are dissolved and the specific conductance increased. Higher specific
conductance, therefore, indicates longer residence times in the ground, or transmittal
through salt-bearing geologic formations, and can be used to distinguish groundwater
sources.

The piezometers were occasionally bailed after water-level readings were taken in
order to ‘flush’ the piezometer and allow the water level to equilibrate with the
surrounding soil. The specific conductance and temperature measured in bailed
piezometers were thus assumed to have remained representative of groundwater
conditions. TRWC or Balance staff performed these activities approximately monthly
during the dry season and periodically during months of snowpack as access
permitted.
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2.4  Streamflow Monitoring

The TRWC authorized Balance to establish and maintain a streamflow monitoring
program beginning in summer 2009, just prior to implementation of restoration activities
in the Upper Watershed. Beginning October 1, 2009, one continuous-recording
streamflow gaging station was established on the Little Truckee River at the
downstream end of the Middle Meadow (Station ID LTPM). Early in WY2011, Balance
received additional authorization to establish five additional streamflow gaging stations
to help evaluate inflows to the meadow, flows through the meadows and downstream
of the meadows. Four gages were installed and instrumented in November 2010, while
two additional gages were installed and instrumented in August 2011. All six gages
were instrumented with water level and temperature recorders, programmed to
measure and record readings every 15 minutes. For the purposes of this report, our
results are presented as daily mean streamflow values. Locations of all six streamflow
gaging stations are illustrated in Figure 4 and summarized in Table 1. WY2012 is the first
year we are reporting a full annual record for all six stream gages.

Balance stream-gaging practices follow procedures used by the USGS, as outlined by
Carter and Davidian (1968). Balance hydrologists, forest service staff, and UC Merced
staff measured flow over a range of different water depths at all six stations. Based on
our periodic site visits, staff plate readings, and streamflow measurements, we created
an empirical stage-to-discharge relationship for each station, also referred to as a
stage-discharge “rating curve.” We then used this rating curve at each station to
convert the continuous-logging record of stage to flow. As is typically done, we
applied multiple stage shifts to account for local scour and fill during the monitoring
period, and the effects of leaf and debris dams during low flows. As with all open-
channel gaging of natural streams, a higher degree of uncertainty remains at high
flows and during periods of ice formation, despite efforts to be as precise as possible, as
discussed in more detail by Rantz (1982).

2.4.1 Description of the Streamflow Gaging Stations

2411 Perazzo Creek above Perazzo Meadows (PCAP)

The stream gage is located on the west bank of Perazzo Creek, along a bedrock
channel approximately 0.5 miles upstream from the Upper Perazzo Meadow and
approximately 1.4 miles upstream from the confluence with the Little Truckee River. The
gaging site was selected to evaluate inflows to the Upper Meadow from Perazzo Creek.
The gaging station was installed on November 17, 2010 and designated as ‘PCAP’
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(Perazzo Creek above Perazzo) according to Balance Hydrologics’ gaging station
naming conventions. The watershed area above PCAP is approximately 6.1 square
miles and receives an average of 63.5 inches of precipitation (USGS, 2011). This gage
can be affected by ice during winter and spring months.

24.1.2 Little Truckee River above Perazzo Meadows (LTAP)

The stream gage is located on the south bank of the Little Truckee River, just
downstream of a bedrock channel and boulder riffle, approximately 0.25 miles
upstream from the Upper Perazzo Meadow, at the USFS road #7-030 Bridge. The
gaging site was selected to evaluate inflows to the Upper Meadow from the Little
Truckee River. The gaging station was installed on November 18, 2010 and desighated
as ‘LTAP’ (Little Truckee River above Perazzo) according to Balance gaging station
naming conventions. The watershed area above CSAP is approximately 15.8 square
miles and receives an average of 58.6 inches of precipitation (USGS, 2011). This gage
can be affected by ice during winter and spring months.

24.1.3 Little Truckee River, Upper Perazzo Meadow (LTUM)

The stream gage is located on the east bank of the Little Truckee River, along a boulder
and cobble channel approximately 0.9 miles downstream from the confluence with
Perazzo Creek, downstream of Upper Perazzo Meadow, at the Henness Pass Road
Bridge. The gaging site was selected to evaluate outflows from the Upper Meadow,
which originate from the Little Truckee River and Perazzo Creek, as well as a portion of
inflows to the Middle Meadow. The gaging station was installed on November 19, 2010
and designated as ‘LTUM’ (Little Truckee below Upper Perazzo Meadow) according to
Balance gaging station naming conventions. The watershed area above LTUM is
approximately 25.5 square miles and includes the subwatersheds gaged by LTAP and
PCAP and additional intervening areas of 3.6 square miles. Mean annual precipitation
in the contributing watershed area is approximately 58.5 inches (USGS, 2011). This gage
can be affected by ice during winter and spring months.

2414 Cold Stream above Perazzo Meadows (CSAP)

The stream gage is located on the right (east) bank of Cold Stream, a perennial
tributary to the Little Truckee River, along a step-pool reach with abundant wood,
approximately 1.57 miles upstream from the confluence. The gaging site was chosen to
be well above the meadow to avoid the dynamic channel changes in the lower
alluvial fan reach, and very steep and dynamic reaches above the alluvial fan. The
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gaging station was installed on August 18, 2011. The gaging site has been designated
as ‘CSAP’ (Cold Stream above Perazzo Meadows) according to Balance gaging
station naming conventions. The watershed area above CSAP is approximately 3.1
square miles and receives an average of 54.2 inches of precipitation (USGS, 2011). Due
to access restrictions and very dynamic channel conditions, this gage is operated as a
baseflow gage, with measurements occurring during the summer and fall months only.

2415 Little Truckee River at Middle Perazzo Meadow (LTPM)

The stream gage is located on the north bank of the Little Truckee River at the outlet of
the Middle Meadow. The gaging site was selected to evaluate outflows from the
Middle Meadow, as well as inflows to the Lower Meadow. The gaging station was
installed on September 25, 2009 and desighated as ‘LTPM’ (Little Truckee at Middle
Perazzo Meadow). The watershed area above LTPM is approximately 32.8 square miles
and includes the subwatersheds gaged by the four upstream gages (LTAP, PCAP,
CSAP, and LTUM) and additional intervening areas totaling 4.2 square miles. The
contributing watershed receives an average of 56.3 inches of precipitation (USGS,
2011). This gage can be affected by ice during winter and spring months.

2.4.1.6 Little Truckee River at Lower Perazzo Meadow (LTLM)

The stream gage is located on the north bank of the Little Truckee River at the outlet of
the Lower Meadow. The gaging site was selected to evaluate flows at the outlet of the
Lower Meadow, an unrestored meadow, downstream of the Upper and Middle
Meadows. The gaging station was installed on August 18, 2011 and designated as
‘LTLM” (Little Truckee at Lower Meadow), according to Balance gaging station naming
conventions. The watershed area above LTLM is approximately 34.2 square miles and
includes the subwatersheds gaged by the five upstream gages (LTAP, PCAP, CSAP,
LTUM and LTPM) and additional intervening areas totaling 1.4 square miles. The
watershed receives an average of 56.3 inches of precipitation. This gage can be
affected by ice during winter and spring months.

2.5 Historical Streamflow Gaging

The United States Geological Survey (USGS) operated a stream gage from June 26,
1993 to September 30, 1998 (partial WY1993 — WY1998) on the Little Truckee River
downstream from Perazzo Meadows (USGS 10341950). Historical streamflow at this
station was affected by the Sierra Valley diversion ditch immediately upstream. Mean
annual flows for the period of record at the USGS gage ranged between 23.5 cfs to 183
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cfs. Peak annual flows ranged between 300 cfs to 3,980 cfs. Peak flows are generally
less affected by diversions and can be used for context when interpreting peak flows
reported for Perazzo Meadows. Table 2 summarizes the USGS gage station information
and data for the period of record. This station was reoccupied on November 11, 2012
for gaging flows during WY2013.

We understand that streamflow data has been collected on the Sierra Valley Diversion
Ditch, but have not evaluated that data set as part of this monitoring program. During
Fall 2012, the USGS re-established this gage, maintaining real-time data access through
the USGS National water data web interface.

2.6 Comparisons to Other Watersheds

The streamflow records for Perazzo Meadows are compared to at least one of two
other nearby gaging records to provide a basic check on flow magnitudes and timing
of streamflow variations. These gages include: 1) Sagehen Creek, near Truckee,
California (USGS 10343500), about 7 miles to the southeast, and; 2) Cold Creek, near
Truckee, California (Hastings and others, 2012), approximately 13.5 miles to the
southeast.

The Sagehen Creek station (USGS 10343500) measures streamflow from a 10.5 square-
mile watershed with a mean annual precipitation of 38 inches. Sagehen Creek
watershed is more distant from the Sierra Nevada crest with less precipitation than
many of the Perazzo Meadow contributing watersheds. However, this gaging station
has a long, 65-year, continuous period of record with no upstream storage or diversions;
therefore, is referenced or used in this report for comparison with general trends in
hydrology.

Cold Creek is a tributary to Donner Creek, a tributary to the Truckee River, and has a
watershed size of 12.6 square miles, which originates at the eastern crest of the Sierra
Nevada. This location provides a comparable watershed relative to mean annual
precipitation (approximately 49 inches) (USGS, 2011) but a slightly lower elevation (5,920
feet) than and more distant from Perazzo Meadows (6,459 feet to 7,221 feet). Balance
installed this gaging station on October 5, 2010 and operates this gage year-round for
the Truckee River Watershed Council (TRWC). This station is rarely affected by ice and
its hydrology is more influenced by higher elevations along the Sierra Crest than the
Sagehen Creek gage, and therefore provides a reasonable record for correlation and
estimation of daily flows during ice-affected periods at Perazzo Meadows.
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3. WY2012 HYDROLOGIC SUMMARY AND DISCUSSION

This section summarizes the WY2012 annual precipitation, streamflow conditions at each
gaging station, and groundwater trends, concluding with a comparison of streamflow
stations and discussion of groundwater conditions during the first full year after the
completion of restoration in the Middle Perazzo Meadows.

3.1 Annual Precipitation

Annual precipitation for Perazzo Meadows is evaluated from daily data collected at
Independence Creek (California Data Exchange Center, 2011) located at similar
elevation (6,500 feet) and approximately 3.5 miles southeast of Perazzo Meadows.
Annual and long-term average snow-water equivalent is reported from Central Sierra
Snow Lab, located near Donner Pass at 6,950 feet elevation and about 11 miles south-
southwest. The Snow Lab has over 100-years of record and serves as a good reference
for comparison to WY2012 observed conditions at Perazzo Meadows.

Cumulative-annual precipitation during WY2012 is illustrated in Figure 5 with the daily
mean and minimum air temperatures. WY2012 was a year with below-average
precipitation (22.5 inches, as measured at Independence Creek) and exhibited a low
annual snowpack. Forinstance, on May 1, when the maximum long-term annual
snowpack (snow-water equivalent) is typically observed, WY2012 was only 66 percent
of average (NRCS, 2012). Snow-water equivalent during WY2012 is illustrated in Figure 6,
relative to long-term averages.

WY2012 began with a moderate (2 inches) precipitation event in the first week
(October 4-5, 2011), followed by a dry period that persisted until November when an
additional 1.9 inches was received in smaller snowfall events during that month. Dry
and cold conditions dominated late November and lasted through mid-January of
2013. Warmer weather and measurable rain (4.9 inches) fell on a thin snow pack
between January 20 and 21, 2013, and was enough to trigger mid-winter peak flows.
February was noted for additional, but limited, snowfall, while another event with mixed
precipitation was recorded on March 15-17, 2013 (approximately 5 inches). Annual
snowpack reached its maximum in April at 66 percent of the long-term average
snowpack for the time of year. The spring arrived early with warmer weather and rain in
late April, which triggered peak snowmelt conditions. Summer remained dry with the
exception of frequent afternoon thunderstorms in July and August. Continued warm
temperatures and absence of measurable rainfall through the end of the water year
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contributed to baseflow in local streams to fall below long-term averages, and to the
lowest levels observed since monitoring began in WY2010.

3.2 Streamflow

In the following subsections, we describe streamflow during water year 2012 at each
gaging station from upstream to downstream. We first summarize inflows to Upper
Perazzo Meadow from Perazzo Creek and the Little Truckee River (stations PCAP and
LTAP). We then describe flows on the Little Truckee River below the Upper Meadow
and above the Middle Meadow (LTUM). Together with Cold Stream (CSAP), these
stations account for the bulk of inflows to the Middle Meadow. Middle Meadow
outflow (LTPM) is described in relationship to the inflows. Finally, we describe conditions
at the outflow from the Lower Meadow (LTLM), which has not yet been restored.
Streamflow is reported as daily mean values, unless otherwise specified. We note that
there are additional intermittent tributaries, springs, and other areas between gages,
which were not gaged (see Figure 4); estimates of contributing flow from these
intervening tributary areas based on those data collected at the existing six gaging
stations.

3.2.1 Perazzo Creek above Upper Perazzo Meadow (PCAP)

Table 3 provides information and observations from site visits and manual
measurements of flow at Station PCAP. An annual streamflow summary, including peak
flows, monthly, and annual statistics is provided in Form 1. Daily mean stage and flow
are graphically illustrated in Figures 7 and 8, respectively.

The water year began with flows below 1 cfs but increasing in response to fall
rainstorms. Ice-affected streamflows began in late November and persisted until mid-
January when a rain-on-snow event (January 20-21, 2012) generated a winter peak
flow of 86.7 cfs. Periods of ice-affected flow were estimated using a correlation to Cold
Creek in Truckee, California. Streamflow quickly receded following another extended
dry, cold period that lasted through about mid-March. Annual peak streamflow of 248
cfs occurred on April 26, 2012 and was associated with peak snowmelt runoff during
warm weather and a rain-on-snow event. Peak snowmelt was followed by dry and
warm conditions, resulting in quickly receding streamflow punctuated by ephemeral
increases associated with summer thunderstorms. Sustained by springs, groundwater
discharge to the channel and remaining snowmelt, baseflow of about 0.25 cfs persisted
into the next water year (WY2013), significantly less than the approximately 1 cfs
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baseflow at the beginning of WY2012. In total, Perazzo Creek contributed
approximately 10,148 acre-feet of surface water to the Upper Meadow during WY2012.

3.2.2 Little Truckee River above Upper Perazzo Meadow (LTAP)

Table 4 provides information and observations from site visits and manual
measurements of flow. An annual streamflow summary, including peak flows, monthly,
and annual statistics is provided in Form 2. Daily mean stage and flow are graphically
ilustrated in Figures 9 and 10, respectively.

The water year began with flows of about 1 cfs, then increasing in response to fall
rainstorms. lce-affected streamflows were identified early in the water year and
persisted through mid-January when a rain-on-snow event (January 21, 2012)
generated a winter peak flow. Streamflow quickly receded during another extended
dry, cold period with ice-affected flows through late-February. Periods of ice-affected
flow were estimated using a correlation to Cold Creek in Truckee, California. Annual
peak streamflow of 694 cfs, coincident with peak snowmelt, occurring on April 26, 2012
and associated with warm weather and a rain-on-snow event. Streamflow quickly
receded following rapidly warming and dry weather. During this year of below
average precipitation and unseasonably warm temperatures, flow ceased at the
gaging station between August 20th and 25th. In total, the Little Truckee River
contributed approximately 19,589 acre-feet of surface water to the Upper Meadow in
WY2012.

3.2.3 Little Truckee River below Upper Perazzo Meadow (LTUM)

Table 5 provides information and observations from site visits and manual
measurements of flow. An annual streamflow summary, including peak flows, monthly,
and annual statistics is provided in Form 3. Daily mean stage and flow are graphically
ilustrated in Figures 11 and 12. A comparison of Upper Perazzo Meadow streamflow
inputs and outputs is provided in Figure 13.

Mean daily flow at the beginning of the water year was approximately 3 cfs. Similar to
upstream gages, streamflow responded to fall rainstorms, but was affected by ice as
winter began and persisted through mid-January when a rain-on-snow event (January
20-21, 2012) generated a winter peak flow (202 cfs). Streamflow quickly receded during
another extended dry, cold period with ice-affected flows through late-February.
Periods of ice-affected flow were estimated using a correlation to Cold Creek in
Truckee, California. Peak snowmelt runoff of 752 cfs occurred on April 26, 2012 and was
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associated with warm weather and a rain-on-snow event. Streamflow then quickly
receded during an early dry and hot summer with small responses to a few summer
thunderstorms. Flow continued to recede through the summer to an end of the water
year baseflow below 0.2 cfs, significantly below baseflows recorded in the beginning of
the water year. In the absence of snowmelt, baseflow was likely sustained by
groundwater discharge to the channel that originates from Perazzo Creek. In total, the
Little Truckee River at the outlet of Upper Perazzo Meadows discharged approximately
32,729 acre-feet of water during WY2012. This is 3,280 acre-feet more than the sum of
the two contributing tributaries (PCAP + LTAP = 29,449). While the accuracy of the
gaging can exceed 10 percent, it is reasonable that some portion of this volume
originated from the 3.6 square mile intervening areas (totaling 14 percent of the total
watershed).

3.2.4 Cold Stream above Middle Perazzo Meadow (CSAP)

Table 6 provides information and observations from site visits and manual
measurements of flow at Station CSAP. Daily streamflow for the partial water year is
provided in Form 4. Daily mean stage and flow are graphically illustrated in Figures 14
and 15.

The water year began with approximately 2 cfs of streamflow and responded to fall
rainstorms. The gage was affected by ice intermittently until mid-January when a rain-
on-snow event (January 20-21, 2012) generated a winter peak flow (40 cfs), then at
times through the remainder of the winter. This station is located at a higher elevation
relative to the other stations and can be subjected to longer and more frequent
periods of ice. Periods of ice-affected flow were estimated using a correlation to Cold
Creek in Truckee, California. Streamflow quickly receded during another extended dry,
cold period until mid-March. The peak streamflow for the year was 58.4 cfs on May 16,
2012, a couple weeks after the annual peak flow recorded at other gaging stations.
The delay at this station is likely attributed to the fact that this station is located at higher
elevation relative to the other stations, allowing for more snowpack storage, delayed
warming, and a longer melt duration. Streamflow receded quickly during an early and
dry summer, punctuated by ephemeral increases in flow associated with summer
thunderstorms. Perennial flow in Cold Stream is supported by springs in the upper
watershed which sustained a baseflow of about 0.75 cfs into the next water year
(WY2013), significantly less than the approximately 2 cfs at the beginning of WY2012 but
significantly more than the Little Truckee River where it enters the Middle Meadow (at
station LTUM). In total, Cold Stream contributed approximately 3,923 acre-feet of
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surface water to the Middle Meadow in WY2012; though only 12 percent of the annual
runoff at LTUM, Cold Stream supplies the majority of the baseflow downstream of it
confluence with Little Truckee River.

3.2.5 Little Truckee River below Middle Perazzo Meadow (LTPM)

Table 7 provides information and observations from site visits and manual
measurements of flow. An annual streamflow summary, including peak flows, monthly
and annual statistics is provided in Form 5. Daily mean stage and flow for Station LTPM
are graphically illustrated in Figures 16 and 17. A comparison of Middle Perazzo
Meadow streamflow inputs and outputs is provided in Figure 18.

At the beginning of the water year streamflow exceeded 5 cfs. Similar to upstream
gages, streamflow responded to autumn rainstorms, but was affected by ice as winter
began and persisted until a rain-on-snow event (January 20-21, 2012) generated an
estimated winter peak flow of 150 cfs. Periods of ice-affected flow were estimated
using a correlation to Cold Creek in Truckee, California. Streamflow quickly receded
during another extended dry, cold period. The annual peak streamflow of 896 cfs
occurred on April 26, 2012, coincident with peak snowmelt runoff during warm weather
and a rain-on-snow event. Streamflow then receded quickly during an early and dry
summer with a few summer thunderstorms and small responses in streamflow. Baseflow
receded to below 1 cfs towards the end of the water year, significantly less than at the
beginning of WY2012. In total, the Little Truckee River, at the outlet of Middle Perazzo
Meadow discharged approximately 40,987 acre-feet of water during WY2012.

Total runoff inflows to the Middle Meadow during WY2012 were 32,729 acre-feet from
the Little Truckee River (at station LTUM) and 3,923 acre-feet from Cold Stream (station
CSAP). The total outflow volume (at station LTPM) was 40,987 acre-feet, a difference of
4,335 acre-feet. While the accuracy of the gaging can exceed 10 percent, it is
reasonable that some portion of this volume originated from the 4.2 square mile
intervening areas (see Figure 4).

3.2.6 Little Truckee River below Lower Perazzo Meadow (LTLM)

Lower Perazzo Meadow, downstream from LTPM, has not yet been restored. Beginning
in August 2011, Balance began coordinating with UC Merced researchers to develop a
continuous record of flow at the Lower Meadow outlet (LTLM) to characterize baseline
conditions in preparation for future restoration activities. This gage is the downstream-
most gaging station in Perazzo Meadows, located approximately 0.85 river miles
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upstream of the Sierra Valley Diversion Ditch. Ongoing collection of baseline data prior
to restoration of the meadow will provide a valuable data set against which to
compare post-restoration conditions. Finally, a complete year of data at this station
can be used to evaluate differences in meadow storage between a restored meadow
(Middle or Upper Meadow) and an unrestored meadow (Lower Meadow).

Table 8 provides information and observations from site visits and manual
measurements of flow at Station LTLM. Daily streamflow for the partial water year is
provided in Form 6. Daily mean stage and flow are graphically illustrated in Figures 19
and 20. A comparison of inputs and outputs to the Lower Perazzo Meadow is shown in
Figure 21.

Streamflow at the beginning of the water year exceeded 6 cfs. Similar to upstream
gages, flow responded to fall rainstorms. The gage was affected by ice intermittently
through most of the winter, and the periods of ice-affected flow were estimated using a
correlation to Cold Creek in Truckee, California. A rain-on-snow event on January 20-21
generated an estimated winter peak flow of 327 cfs. Subsequently, additional
snowmelt and rain-on-snow events generated ephemeral peaks in flow into the spring
months. The annual peak streamflow was 1,337 cfs on April 26, 2012 and was
associated with warm weather and a rain-on-snow event. Streamflows quickly
receded with the onset of a warm, dry summer. A few summer thunderstorms resulted
in small responses in streamflow through the remainder of the water year. Baseflow
receded to near 1 cfs into the next water year (WY2013), significantly less than
approximately 6 cfs at the beginning of WY2012. In total, the Little Truckee River, at the
outlet of Lower Perazzo Meadow discharged approximately 44,594 acre-feet of water
in WY2012.

Total runoff input volume to the Lower Meadow is computed to be 40,987 ac-ft. (Station
LTPM), compared to total runoff output volume (Station LTLM) of 44,594 acre-feet, a
difference of 3,607 acre-feet. A portion of this additional runoff volume reasonably
originates from the intervening areas (1.4 square miles) between the two gages (see
Figure 4). The accuracy of stream gaging can also exceed 10 percent.

3.2.7 Comparison of Streamflow and Annual Runoff during WY2012

WY2012 streamflow hydrographs from all six stations are illustrated in Figure 22 runoff
volumes for all six stations (including estimates for ungaged areas) are reported in Table
9. Snowmelt recession runoff is reported for all six stations on a monthly basis (May-
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September) in Table 10, while monthly mean streamflow and unit-streamflow is
tabulated in Figure 23.

Based on a comparison of streamflow at all six stations, we draw the following
conclusions:

Through comparison to streamflow on Cold Creek in Truckee, we conclude that
the flow records are consistent with regional hydrology trends;

Based on the frequency, methods used, and accuracy of our streamflow
measurements, the flow records are reasonably accurate and consistent with
USGS standardes;

All six stations exhibited similar timing for peak flows with the exception of Cold
Stream (CSAP). The runoff peaks at CSAP show a delay relative to the other five
stations and is attributed to the higher elevation of the station (see Figure 22);

Baseflows at the beginning of WY2012 ranged between 0.75 cfs to 12 cfs,
increasing from upstream to downstream, and were greatly reduced by the end
of the water year when they ranged between 0 cfs to 2.2 cfs. Reduced
baseflows were associated with the below average precipitation and an early
snowmelt period (see Figure 22);

Annual runoff volumes were greatly reduced relative to the previous water yeatr,
which is consistent with records of below average precipitation during WY2012
and above average precipitation during WY2011. For instance, runoff to the
Upper Meadow from the Little Truckee River and Perazzo Creek totaled 79,235
acre-feet in WY2011 as compared to only 29,263 acre-feet in WY2012 (see Table
9);

Monthly runoff during the snowmelt period May through September decreased
between one and two orders of magnitude (Table 10). Perennial flow through
the meadow is likely attributable to perennial flows from groundwater-supported
tributaries (i.e., Perazzo Creek and Cold Stream) and slow release of
groundwater from the restored meadows; and

Relative to WY2011, mean monthly streamflow at all stations showed a significant
recession between May and September after the occurrence of the annual

peak flow in April 2012. For instance, mean monthly inflows to Perazzo Meadows
(LTAP + PCAP) exceeded 200 cfs in May and were reduced to less than 0.2 cfs by
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September. Similarly, mean monthly outflows from Perazzo Meadows (LTLM)
were approximately 300 cfs in May and were reduced to 2.2 cfs by September
(see Figure 23).

3.3 Groundwater

Groundwater levels were monitored in piezometers, beginning in July 2009 and
continued through WY2012. The piezometers were located (shown in Figures 2 and 3)
to characterize groundwater response to the plug and pond restoration efforts. Field
observations during water year 2012 are presented in Table 11, including depth to
groundwater, specific conductance, water clarity and odor, and qualitative
observations. Specific conductance in groundwater over the course of the monitoring
period is illustrated in Figure 24. Figure 25 shows depth to groundwater during the
monitoring period.

Restoration activities were carried out during Summer 2009 in the Upper Meadow and
Summer 2010 in the Middle Meadow. Limited information is available regarding pre-
project groundwater levels in the Upper Meadow because most of the piezometers
were installed only days before restoration activities began. In the Middle Meadow,
however, a full year of groundwater monitoring was completed prior to restoration,
allowing for comparison of groundwater levels before and after the restoration period.
As outlined in the first annual monitoring report for this study, groundwater response to
restoration ranged from 0 to 6 feet in the Upper Meadow, and 0.5 to 2 feet in the
Middle Meadow, depending on location (Shaw, 2010).

3.3.1 Groundwater Conditions in the Upper Meadow

Groundwater in the Upper Meadow illustrated a range of levels in response to below
average precipitation and runoff measured during WY2012, relative to above normal
conditions during WY2011, normal conditions during WY2010, and below normal
conditions during WY2009 (Figure 25). Although not strictly true at all wells, groundwater
levels by the end of WY2012 by-in-large returned to levels observed at the end of
WY2009 (when the Upper Meadow was restored), after slightly higher levels at the end
of water years 2010 and 2011. Flood levels (above ground surface levels) were also
considerably higher and sustained during WY2011, although infrequent overbank flows
in the meadow elevated groundwater levels during WY2012 near those achieved in a
WY2011. In nearly all piezometers, elevated groundwater levels carried over into
WY2012, with the exception of piezometer 09-05, located on the 2-3 foot terrace at
distance from Perazzo Creek and shows seasonal fluctuation each year. Piezometers
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showing declining groundwater levels following WY2010 snowmelt also exhibited similar
conditions during WY2012, though to a slightly deeper level and concurring with the
extended streamflow recession recorded during WY2012. Piezometers FS-12 and FS-13,
located near former channels near the river, showed groundwater levels holding fairly
steady through the end of WY2012.

Figure 26 compares streamflow during WY2012 in Perazzo Creek (PCAP) and Little
Truckee River (LTAP) with groundwater levels in the portions of the Upper Meadow that
exhibited prominent seasonal fluctuation. In line with below normal precipitation and
snowpack conditions, streamflow and groundwater levels receded to lower levels by
the end of WY2012. Unlike water years 2011, the Little Truckee River ceased flowing in
late August and water levels in piezometer 09-03 (located in a wetland near the Little
Truckee River) lowered below ground surface, which may be typical in dry years. Some
potential drought management concepts to explore for sustaining downstream wet
meadows include (a) preserving or protecting springs and baseflow in the Perazzo
Creek sub-watershed and (b) management of streamflow at Webber Lake Dam.

In the absence of pre-restoration data in the Upper Meadow, we can roughly quantify
the potential effects of plug-and-pond restoration by evaluating changes in
groundwater volume in areas of the Upper Meadow that are assumed to have
become desiccated and targeted for rewatering through restoration practices. For
instance, remnant channels and terraces west of the active channel are thought to
have typically been dry before restoration and in most years as the result of an active
incised channel, which contained most annual flows. During these years, we assume
groundwater storage was minimal or obsolete in the terraces. Post-restoration
groundwater conditions along these terraces and remnant channel are captured by
piezometers 09-04 (lower terrace and remnant channel) and 09-05 (upper terrace) (see
Figure 2 for locations). In WY2012, a dry year, we observed groundwater in these
piezometers to be near or just below the ground surface in June (June 15th), followed
by a 3- to 5-foot decline in groundwater levels through the end of the water year. If we
assume meadow soils and alluvium have a typical 30-percent porosity, the estimated
change in groundwater storage across this area is calculated to be to be almost 85
acre-feet over this time period. In the absence of local evapotranspiration (ET) data,
we make an assumption based on regional norms (Snider, 1999) that roughly 20
percent of this volume is lost to ET, leaving remaining storage of roughly 68 acre-feet.
Runoff volumes measured at the outlet of the Upper Meadow (LTUM) approached
1,240 acre-feet over the same time period (June 15-September 30, 2012). Based on this
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water balance, the contribution of groundwater storage to streamflow is approximately
5 percent of total flow (heglecting groundwater outflows).

3.3.2 Groundwater Conditions in the Middle Meadow Before and After Restoration

Figures 24 shows groundwater specific conductance in piezometers groundwater in the
Middle Meadow prior to (WY2010) and following restoration activities (WY2011 and
WY2012), and illustrate a range in response to restoration activities across the Middle
Meadow. In general, we observe similar or slightly wider range of specific
conductance across the Middle Meadow after restoration with the wider range
suggesting possible mixing of waters, old (i.e., groundwater) and new (surface waters)
as the result of restoration.

Figure 25 shows depth to groundwater in piezometers located at across the Middle
Meadow prior to and after restoration. Groundwater levels vary depending upon
location in the meadow, so specific areas are highlighted in Figures 27 and 28,
comparing pre- and post-restoration groundwater conditions. Prior to restoration
(during WY2010), groundwater levels in former floodplain areas (Piezometer 09-09,
Figure 27) were consistently below the meadow surface, even during spring peak flows
with a 5- to 10-year recurrence interval. Following restoration activities, water levels
were consistently above the ground surface, with ponded water up to 1-foot deep
throughout the winter and spring of WY2011 and for shorter periods of time in WY2012.
Near the seasonal springs at the northeast portion of the meadow, the groundwater
levels and fluctuations as represented by Piezometer 09-11 (Figure 28) appear to be
somewhat unique when compared to data from other areas. Groundwater levels
fluctuate seasonally regardless of changes associated with the restoration project. This
is consistent with earlier interpretations suggesting the area is supplied by a deeper
source of groundwater that supports a local hydraulic floor, distinct from shallow
groundwater and surface water moving down valley.

In areas closer to the channel, as represented by Piezometers 09-06, 09-09, and 09-10,
groundwater levels remained consistently high through the summer months and into the
drier months of the end of the water year, with specific conductance values slightly
elevated in response to the drier conditions and slower groundwater movement.

3.4 Channel - Floodplain Interactions

Through plug-and-pond restoration, meadow areas have become more hydrologically
connected to conditions in the channel. This is particularly noticeable in portions of the
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Middle Meadow (see Figure 27) where a restoration has facilitated higher groundwater
levels regardless of water year type (WY2011 was wet while WY2012 was dry). We
attribute these changes to more overbank flooding and resultant storage produced by
plug-and-pond method.

Evaluation of restoration success also requires monitoring over a range of year types
(i.e., wet, average, and dry) to understand changes in surface water and groundwater
interactions. WY2012 was a particularly dry year and we observed some of the lowest
streamflows on the Little Truckee River and regionally in many years. Despite these
conditions, we observed a resiliency in streamflow at the outlets of the restored
meadows. We attribute this resiliency in streamflow to releases of stored groundwater
within the restored meadow, but also augmented by spring-fed tributaries (i.e., Cold
Stream, Perazzo Creek). Figure 29 shows stabilized groundwater levels in the restored
meadow likely contributed from reduced evapotranspiration and, in some cases (piezo
09-06), groundwater rebounds with additional storage from channel-floodplain
interactions.
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4. SUMMARY AND CONCLUSIONS

Three years after plug and pond restoration activities in the Upper Meadow and two
years after the Middle Meadow restoration, we observed groundwater levels at Upper
and Middle Perazzo Meadows to vary spatially and temporally, and in some locations,
from the year type (i.e., wet, average or dry year). Precipitation and snowpack
conditions during WY2012 were below normal. Ongoing stream gaging at inflows and
outflows from the three (Upper, Middle, and Lower) Perazzo Meadows indicated
significantly less runoff volumes during WY2012 relative to the previous water year (a wet
year). Under these conditions, groundwater levels in the Middle Meadow were
generally elevated relative to pre-restoration conditions. Although we observed 5-foot
declines in groundwater levels in some areas, these levels were still higher than pre-
restoration conditions.

In dry years, such as WY2012, we identified the importance of spring-fed tributaries for
sustaining instream flow and near-channel saturation. While the Little Truckee River
above Perazzo Meadow ceased to flow in August, hydrologic support came from
Perazzo Creek and Cold Stream—two spring-fed tributaries. Secondary hydrologic
support for late season instream flows appears to also have originated from meadow
drainage in the absence of precipitation.

Evaluation of streamflow and groundwater data suggests that meadow restoration
activities have resulted in a more connected channel-floodplain system with benefits of
groundwater storage and late season release. We conclude that in some cases,
groundwater storage promoted by plug-and-pond restoration may meter groundwater
to the channel over the driest months of the year and provide as much as 5 percent of
baseflow in the channel.

Balance is continuing stream and groundwater monitoring activities during WY2013, a
second consecutive drought year, which will assist with expanding the preliminary
interpretations of gaging and groundwater monitoring at Perazzo Meadows and further
evaluate the effects of water storage and release in the restored meadows. Additional
data collected will help develop a better understanding of how individual storms and
episodic events affect (and are affected by) the reconfigured meadow systems, and
help infer how meadow function may differ in years with different climate and
precipitation patterns.
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5. LIMITATIONS

This report was prepared in general accordance with the accepted standard of
practice existing in Northern California at the time the investigation was performed. No
other warranties, expressed or implied, are made. It should be recognized that
interpretation and evaluation of streamflow records and of subsurface conditions is a
difficult and inexact art. Judgment leading to conclusions and recommendations
presented above were based on existing information and personnel communications,
which in total represent an incomplete picture of the site. More extensive studies,
including those recommended above, can reduce some of the uncertainties
associated with this study.

Balance Hydrologics has prepared this report for the Truckee River Watershed Council’s
exclusive use on this particular groundwater and surface water monitoring study.
Analyses and information included in this report are intended for use at the watershed
scale. Analyses of channels and other water bodies, rocks, earth properties,
topography and/or environmental processes are generalized to be useful at the scale
of a watershed, both spatially and temporally. Information and interpretations
presented in this report should not be applied to specific projects or sites without the
expressed written permission of the authors, nor should they be used beyond the
particular area to which we have applied them.

This study was conducted to monitor work done by others. Our conclusions and any
implied or inferred recommendations are based on a limited range of surface water
and groundwater data in a 