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Dry Meadow – Bull Run Creek
Dry Meadow, the southern-most meadow, is in the headwaters of Bull Run Creek, tributary to the North
Fork Kern River. Drainage area above the stream monitoring station is approximately 2.7 square miles
and receives 36.3” mean annual precipitation (USGS StreamStats, 2018) and is located at an elevation of
approximately 6,500 ft. The Western Divide Ranger District (WDRD), Sequoia National Forest (SQF)
categorized Dry Meadow as one of the most severely degraded meadows on the Forest, prior to
restoration implementation in late summer of 2020. The goal of the restoration was to restore the
physical and biological ecosystem functions of the meadow, utilizing the partial fill restoration technique
and a valley grade control structure. Over 50 acres of montane meadow and 4,228 ft. of meadow
channel(s) were restored and anticipated to provide the following ecosystem benefits: increased aerial
extent of wet/moist meadow habitat, instream cover/shading, and native species refugia, extended late
season stream flow, improved water quality and aquatic/terrestrial habitat, higher retained
groundwater levels, increased vegetative productivity, and reduced soil erosion. By reconnecting the
stream channel(s) to their naturally evolved floodplains the current degradational trend can be
reversed, and ancillary actions such as fencing and grazing management will ensure sustainability of
ecosystem benefits. Pre- and post-restoration monitoring is being collected to evaluate the success of
the project. Figure 2 and Figure 3 are a series of images taken from monitoring Photo Point #3 looking
upstream at the valley grade control structure constructed just upstream from the SMS.
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Figure 2. Before(top) and after(bottom) photos taken just upstream from the stream monitoring station (SMS) from
PP#3. Prior to restoration, the channel was an actively eroding gully; post-restoration, the channel has been
stabilized with a valley grade control structure that ties the bottom of the project elevation into the native grade.
(Photo credit: D. Flett)

8/17/2021
Figure 3. Despite being the driest year on record in the southern Sierra Nevada, natural vegetation re-growth in the
first post-restoration year was vigorous, suggesting that vegetation is already responding to the elevated
groundwater table maintained by the restoration work later into the summer season. Photo taken from PP#3.
(Photo credit: T .Rust)

The 2020 field season was the fourth year for collecting pre-restoration data (Table 3, Figure 4) and
2021 represents the first year of post-restoration monitoring.
Table 3. Summary of 2021 Field Season Data Collection at Dry Meadow.

Parameter measured
Stream Flow Measurement
Groundwater wells
CSUS piezometers
Temperature (Air, Water)
Electrical conductivity (Stream)
Oxygen isotopes (plus EC & Temp)

Site visit dates
5/18, 6/16, 8/17,
10/21

Data collected by

Comments
SMS equipment left in over
2020/21 winter

Plumas Corporation
HOBO air temp logger left
deployed over winter

Figure 4. Map showing locations of data collection in Dry Meadow/Bull Run Creek (North Fork Kern River
watershed). See Appendix A for a full-page version of this map.

Geologic Characterization:
The relatively deep, fine grained silty to sandy loam soils in this meadow are derived from abundant
granodiorite and quartz monzonite outcrops. Glacial period processes may have influenced the Dry
Meadow area but no morraines or tills have been identified. The primary active stream channel beds
consist of sands and gravel derived from these granitics with some metavolcanic/metasedimentary
components. Dry Meadow is situated at the confluence of the Tobias Fork (from the northwest) and
Baker Fork (from the northeast) drainages. The channels from these drainages join in the middle of Dry
Meadow to form a single channel, Bull Run Creek that drains into the North Fork of the Kern River.
There is an existing pond from the period when this meadow was the site of a box mill.
Seismic data collected in 2017 was compiled and used to generate surface and bedrock contour maps
for Dry Meadow. These data will be used to estimate the groundwater holding potential of meadows
(Cornwell & Brown, 2008), a topic discussed in more detail in previous annual reports.

Geomorphology
Dry Meadow was re-surveyed by CSUS staff using an unmanned aerial vehicle (UAV), aka drone, on June
22, 2021. Between the 2021 and 2019 surveys the meadow hydrology was reconnected to its historical
floodplain using the pond and plug method combined with a valley grade control structure. The channel
geometry in the downstream reaches surveyed in 2019 was completely altered by the restoration which
reconnected surface water runoff to remnant flow paths and obliterated the deeply incised channels.
This change in channel morphology is well-documented by the drone imagery but is not conducive for
identifying erosion – deposition features. Therefore, two new locations in the meadow were chosen by
CSUS staff and surveyed in summer in 2021 (Figure 5).

Figure 5. Dry Meadow 2021 UAV survey areas.

Survey Area 1(Figure 5) is located directly downstream from the 2020 restoration work that consisted of
complete channel fill of a deeply incised gully. In the 1990’s, the USFS placed numerous lo-tech log jams
to prevent degradation of the primary channel in the Tobias Fork from cattle trailing by placing logs
perpendicular to the channel and down valley slope. Additionally, several rock check dams were placed
further downstream near and in the main channel (Bull Run Creek). These structures had a minimal
impact on reducing incision and headcut migration which is what led to the Sequoia NF rating it as one
of the most severely degraded meadows on the forest. Some of this pre-2020 restoration effort is
captured in Survey Area 1. A DEM is under construction for this portion of the meadow which will then
allow for comparison with future UAV-generated DEMs.

Survey Area 2 (Figure 5) represents a portion of the Dry meadow not physically altered by the 2020
restoration activities. The area exhibits minor erosional features and 2021 data will be used to compare
with data (UAV and on the ground) collected in 2022 for signs of detectable erosion.
In addition to the geomorphic analysis described above, eighteen meadow-wide cross sections were
surveyed using a Trimble Geo 7x hand-held GPS unit with a Zephyr 2 antenna and Spectra Precision laser
as part of the restoration design process and report generated by Plumas Corporation (2015). A sub-set
of these eighteen x-sections will be re-surveyed in summer of 2022 through funding provided by the
Kern Community Foundation. This will allow for comparison of universally accepted ground survey
techniques for defining channel morphology with the emerging UAV-drone technology results.
Hydrology:
Stream Flow
Stream flow was manually measured once per month from May 18th through October 10th (2021), with
the exception of two months due to wildfire activity. In July, the Dixie Fire prevented PC staff, who were
under mandatory evacuation, from travelling and in September, the Windy Fire was active on the
Sequoia NF and was as close as one mile from Dry Meadow. The data collected during these monthly
visits are critical in the calibration of the stream stage-discharge rating curve and verifying the
continuously recorded transducer data. The hydrology data is reported for the entire 2021 Water Year,
defined as October 1, 2020 to September 30, 2021 by the USGS.
Despite the first site visit to Dry meadow occurring in mid-May as soon as access was possible, no
manually-measurable stream flows were observed during any of the 2021 field visits. At the May field
visit, very low flow was visually observed leaving the gage pool, but it was not possible to measure with
a flow meter. Note that this is the second year in the 5 years of project monitoring that flow has ceased
at the Dry Meadow monitoring station, a result of below average precipitation for the water year.
Though no manual flow measurements were made in 2021, the stream gage transducer was in place
during the entire water year, allowing for stream flow to be calculated using the rating curve established
in 2019. Daily averaged flows from the transducer data are plotted against precipitation data recorded
at the Pascoes weather station, located approximately 13 air miles northwest of the Dry Meadow
Stream Monitoring Station (SMS), in Figure 6.
As observed in the data collected and analyzed for WY 2019-20 (Figure 7), stream flow increases
generally correlate with precipitation events and snowmelt during WY 2020-21. Both water years were
characterized by lower-than-normal annual precipitation with WY 20-21 being the driest year on record
for the southern Sierra Nevada range. Dry Meadow is located at the top of the watershed and surface
flows through its stream channels are sensitive to variations in annual precipitation, particularly when
the channels are incised as they were in Dry Meadow until restoration in 2020. Once hydrologic
connectivity is reestablished following restoration, meadows typically become more resilient to annual
variations in precipitation as the groundwater table, which can exit the meadow as surface flow, is
elevated later into the summer. It can take several years of normal precipitation for groundwater in a
meadow to re-charge fully and it is not surprising that stream flow data for WY 20-21 did not visibly
respond to restoration. However, as is discussed in the Groundwater section below, groundwater
elevations did respond positively to the restoration work.

Figure 6. 2020 – 21 WY daily average stream flow data (Source: SMS Level TROLL® 500 transducer) and daily
precipitation data from the Pascoes weather station. Pascoes, operated by Army Corps of Engineers, is located
approximately 13 air miles northwest of Dry Meadow, at 9150’ elevation (Source: CDEC).

Figure 7. 2019 – 20 WY daily average steam flow data (Source: SMS Level TROLL® 500 transducer) and daily
precipitation data from the Pascoes weather station. Pascoes, operated by Army Corps of Engineers, is located
approximately 13 air miles northwest of Dry Meadow, at 9150’ elevation. (Source: CDEC).

As discussed in the “Methodology” section of this report, a stream’s rating curve depends on the
hydraulic characteristics of the stream channel and will vary over time. At the Dry Meadow station,
changes to stream channel and gage pool morphology have the potential to change annually as a result
of episodic sand/small gravel movement during spring flows and frequent shifting of sandy bottom
sediments that define the gage pool riffle control in the summer due to cattle disturbance, and random
episodic events such as the gage pool being enlarged during mechanical willow removal in late summer
2018. These conditions necessitate annual reevaluation of the rating curve. For the 2020 – 21 WY, the
2019 rating curve was maintained to calculate stream flow because there was an insufficient number of
manual measurements taken at a range of high to low flows in 2020 and 2021. Figure 8 shows the rating
curves for 2018 and 2019 to illustrate the shift; low flow data gathered in 2020 and 2021 suggest that
the rating curve may shift again but that will depend on obtaining higher flow measurements in 2022.

Figure 8. Rating curve comparison illustrating the shifts that can occur at the Dry Meadow SMS gage. The few
discrete measurements made in 2020 and 2021 suggest the curve may be shifting, at least when stream flow is less
than 2.0 cfs.

Groundwater
There are four ½-inch groundwater wells and two piezometers in Dry Meadow located in the main
meadow along both sides of the main channel, providing good control on ground water flow direction as
it relates to the steam and general topography of the site (Figure 4).
The monthly groundwater measurements for 2017 - 2021 are plotted in Figure 9. The four years of preproject data span a range of climatic conditions (drier than normal – greater than normal) as evidenced
from the water year actual precipitation values compared to the Tulare Basin average annual
precipitation. In general, the pre-restoration groundwater elevation patterns are reflective of annual
precipitation variability; the groundwater table remains high until the snowpack melts then rapidly
deepens as the groundwater exits through the incised channels. However, in the first-year postrestoration, which was also the driest year to date, groundwater elevations started high and remained
high longer into the summer than before restoration. As mentioned in the Dry meadow Stream flow
section above, surface flow data did not show a response to the restoration which may be because
meadow soils have not become fully saturated, and that the small amount of groundwater movement
down valley may be occurring sub-surface. In time, it is expected that groundwater inputs will
contribute to late season surface baseflow.

Figure 9. Groundwater level elevations from the start of the WCB monitoring project to present. Precipitation data
downloaded from California Data Exchange Center (CDEC), California Department of Water Resources.

Oxygen isotopes
Water samples from Dry Meadow were collected during each monthly hydrology site visit when water
levels allowed (Appendix A, Tables 1 and 1a) for 18O. Water sample locations included surface water
sites collected from the two streams entering the meadow (Tobias and Baker forks) as well as the main
channel as it exits the meadow at the SMS, and a pond that is north of the meadow stream confluence
and contributes to the groundwater flow through the meadow. Groundwater samples were collected
from the four groundwater wells and two piezometers as long as there was sufficient water in the
wells/piezometers. Due to Covid-19 restrictions placed on the CSUS staff and students, downed machine
time and resultant sample analysis backlogs, water samples collected in 2020 and 2021 field seasons
have only begun to be analyzed; samples are safely stored at CSUS and will be analyzed as soon as
possible. An addendum to the discussion of oxygen isotope data in the 2019 Annual Report is included
in Appendix I of this report.
Electrical Conductivity (EC)
Electrical conductivity was measured at the stream gage site and at each surface water location where
an oxygen isotope sample was taken during the monthly site visits. EC was 150 uS at the SMS for the
single measurement made just prior to channel flow ceasing. EC ranged from 100 uS to 490 uS at the
upstream surface water locations. Flow at the stream gage station was barely perceptible during the

May 18th site visit and the higher value potentially reflects the influence of groundwater input to the
gage pool. As observed in previous years, the higher EC values at meadow sampling locations occurred
during the summer months (July – September), suggesting the influence of groundwater seepage into
the surface flows which typically have higher EC values than surface water derived more directly from
snow and rain (US EPA, 2012)
Temperature
Water temperature was measured by the Level TROLL® 500 transducer and recorded every 15 minutes,
from October 1, 2020 through September 30, 2021. An Onset HOBO® sensor was hung in a snag on the
right stream bank to record air temperature every 90 minutes and was left out for the winter season to
compare to water temperatures, though was damaged over the 2020-21 winter and data lost from
December 17, 2020 – June 10, 2021. The air temperatures reported from Pascoes weather station
compare closely to the data recorded by the Onset HOBO® sensor that were not lost (October 1, 2020 –
December 17, 2020 and June 10, 2021 – September 30, 2021), and therefore, were used to compare
with daily averaged water temperatures (Figure 10). The highest daily average water temperature
occurred in early June, as the stilling well pool was beginning to dry; after mid-June the stilling well was
dry and temperatures logged by the TROLL reflected air temperature rather than water temperature.

Figure 10. Daily average water temperature data (Source: SMS Level TROLL® 500 transducer) and daily average air
temperature data and precipitation from Pascoes weather station (Source: CDEC). The stilling well dried out
following the June field visit.

Numerous factors affect stream water temperature including groundwater input, vegetative
cover/shade, air temperature, channel depth, and channel substrate type. In degraded stream
channels, water temperature is commonly elevated compared to a healthy stream/meadow (USDA,

2011). It is anticipated that following the 2020 Dry Meadow restoration, late summer season water
temperatures will decrease (USDA, 2015), primarily from an influx of groundwater to the gage pool.
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