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permanent monitoring location D and measured 1.813 ms/s. From location 15 to 18 the river
had a loss of 0.398 mg/s for a net gain of 0.183 mg/s from unmeasured sources.

Just above Metzel ditch the main channel had 1.781 m3/5 at location 33, a loss
of 0.032 m3/5 from location 18. Location 21at the permanent monitoring location E and the

USGS gauging station had a flowrate of 2.270 ™/ for an increase of 0.488 ™"/ into the

main channel after location 33 from unmeasured sources.

Idaho creek at location 23 had a flowrate of 0.006 m3/5 and though the main channel

has a slightly reduced flowrate at location 22 before Idaho creek. The inlet to the reservoir at
location 32 had a flowrate of 2.272 m3/5, which was a net loss from location 21 of 0.004 mg/s
and an overall gain from the most upstream location 35 of 0.242 mg/s. Measured irrigation
ditches pulled 1.654 m3/5 from the main channel while measured ditches and tributaries

attributed to 0.972 mg/s for the main channel flowrate. Though this does not account for all
ditches and tributaries along the 43.5 km of river length. Specifically, the ditch that comes back
into the river before location 18 is not measured. Additionally, the ditch that removes water from

the main channel just below location 35 was not measured though field observations.

3.3. Stable Isotopes

The isotopic relationship between 6§D vs. §180 has some significant characteristics
(Figure 8). The local meteoric water line LMWL (6D = 8.16 3180+ 8.16) for the upper Ruby
River valley was established in Bailey et al. by collected monthly precipitation isotopes from
2017-2018 (Bailey et al 2022). However, the Butte meteoric water line Butte MWL
(6D =7.313180 - 7.5) was established in Gammons et al. 2006 and plots very similarly to the

LMWL. This can be used as a reference for the upper ruby valley as this is the most well
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established LMWL for the region, as well as the close proximity and similar local weather
patterns. The global meteoric water line GMWL was also plotted with isotopic distributions as a
comparison to global averages. Mostly the isotopic composition fell above the Butte MWL and
below the GMWL. Meaning that mostly the instream samples are depleted compared to the Butte
MWL and enriched compared to the GMWL. The well data is significantly more depleted in 6D
and 6180 than the instream isotopic distribution. The tributaries have a general cluster for each
tributary. There is a lack of grouping to a specific composition for any of the main channel
locations, though these samples vary through time. The synoptic flow data does not vary through

time but also doesn’t group together based on where the data was taken (Figures 6 and 8).
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Stable Isotopic Composition
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Figure 8: Isotopic distribution of 3D vs. 3180

Description: (Above): All Data. (Below): Calls out well and synoptic flow locations in relation to Figure 1 and
6. The GMWL used was: 6D = 7.39 §180+ 8.99 (Jasechko, 2019). The Butte MWL equation used was:

6D = 7.318180 — 7.5 established in Gammons et al. 2006. The LMWL was established in Bailey et al. 2022
was: 6D = 8.16 6180+ 8.16.
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The isotopic composition over time has very similar trends between 6D vs. time and
6180 vs. time (Figure 9). Overall, from May into November, the main channels and tributaries
became more depleted in both §D and §180. In May the most enriched sources were Robb creek
and location A. By mid-June location A was the most depleted compared to the other main
channel locations, in both isotopes. While Robb remained the most depleted a majority of the

time. From June until October locations D and E were usually the most enriched.
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3.4. Continuous Flowrate

Flowrates and stages manually taken in the field were plotted against one another to form
a rating curve (Figure 10). The rating curve equation was used to calculate continuous flowrate
using the 15-minute intervals of stages recorded using the pressure transducer data (Figure 12).
Location E is located at the USGS Gauging station such that the continuous flowrate was
downloaded and was not manually measured. However, Location C and D had pressure
transducer failure and the rating curve could not be used. A correlation to a constant flowrate at a
different location was necessary to calculate constant flowrate (Figure 11). The correlation
compared manual flowrates at all the continuous stations to the manual flowrate of both locations
C and D on the same day. The linear trendline equation was used to calculate the flowrate at
locations C and D with the trendline that had the highest R? value. Location C best correlated
linearly to location B with an R? value of 0.9298 while location D best correlated linearly to
location E with an R? value of 0.8894 (Figure 11). The date and time used for locations C and D
continuous flowrate was the date and time corresponding to the flowrate used from locations B

and E respectively.
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Figure 11: Correlation between manually recorded flowrates.

Description: (Above) location C (Below) location D. The linear trendline with the best fit, highest R™2 value,
was used to calculate constant flowrate (Figure 12).
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Figure 12: Continuous flowrates for all locations
Description: Locations A and B flowrates were calculated using a linear rating curve equation from manual
flow and stage measurements (Figure 10) applied to stages recordings every 15 minuets from pressure
transducers. Location E was downloaded from the USGS Gauging station. Location Cand D had pressure
transducer failure, such that a correlation to a constant flowrate at a different location was necessary to
calculate continuous flowrate (Figure 11). A linear trendline equation was used to calculate the flowrate at
locations C and D with the trendline that had the highest R? value. Location C best correlated linearly to
location B while location D best correlated linearly to location E. The date and time used for locations C and
D continuous flowrate was the date and time corresponding to the flowrate used from locations B and E
respectively
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The trends of the constant flowrate at each location had a similar relationship between
sites and throughout time to the manual flowrates. At the beginning of the season location A had
the highest flowrate with a decreasing flowrate in the order of C, E, D, and then B. The constant
flowrate depicts when there were storm events and the relationship between flowrates along the
river where the manual flowrates does not. For small storm events before July 29" such as on
July 20™"-23" the beginning of the season flow relationship is held constant where the highest
flowrate is at location A with a decreasing flowrate in the order of C, E, D, and then B. However,
a larger event such as the storm event from July 5" increased the lower locations flowrates more
than upper locations such that the flowrate at location E was higher than the other locations.
During this event, the flowrate at A, C and D were very similar.

The second distinct time period was between July 30" through September 21%. Location
E had the highest flowrate with a decreasing flowrate in the order of C, D, A, and then B.
However, from July 29" until August 12" location A had slightly higher flowrate than
location B.

The last distinct timeline was between September 21% through the end of flowrate data
collection on November 4™ where the flowrate increased with distance downstream such that
location E had the highest flowrate with decreasing flowrate in the order of D, C, B, and then A.
However, from September 21 until October 8" location A had slightly higher flowrate than
location B. This time period is distinct as there is more of a difference in flowrate at each of the
locations along the river and the basal flowrate for locations C, D, and E are significantly higher

than at the beginning of the season.
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3.5. Surface Water Balance and Load Balance

The variability surface water balance has distinct distribution spatially and temporally
over the course of the season. From June 25™ through October 3™ reach A-B was a losing reach.
However, the volume lost was from reach A-B progressively less until October 17" when it
became a gaining reach (Figure 13.) Reach B-C was a gaining reach throughout the season. The
change in flowrate within the reach peaked in late August. Reach C-D was consistently losing
until October 3" when it became a gaining reach. Reach D-E was consistently a gaining reach

and generally increased in volume throughout the season.
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Figure 13: Chang in flowrate and change in load per reach

Description:Calculated Load using a multiplier of 0.55 x SC as an estimate for concentration (Hem, 1985).
Average tributary flowrate from previous and following week was used because flows were not recorded for
the weeks main channel flows were taken. Lower Robb Creek value was used as this is more likely the volume
contributed to main channel from tributary. SC from June 24" and flows from June 25" were used to
calculate load on June 24"
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The change in load per reach followed a similar trend as change in flowrate per reach
because the load used flowrate to calculate load. However, there are some interesting distinctions
from the change in flowrate and change in load. Reach A-B had the highest magnitude of change
in flowrate but did not have the highest magnitude of load. Additionally, the magnitude for reach
B-C was significantly higher for change in flowrate compared to the change in load throughout
the season. On October 17" reach B-C had a higher gain in flowrate than both reach A-B and C-

D. However, reach B-C had a lower gain in load than both reach A-B and C-D

3.6. Two-Component Mixing Model

The two-component mixing model compared the contributions of groundwater and near
surface water using SC as the tracer. The uppermost permanent monitoring location, had the
lowest SC value in May, and was used as the near-surface water endmember. We justify this
because it is the closest to the headwaters when the majority of river flow is most likely consists
of nearly all near surface water rather than groundwater. The groundwater component was set as
the highest SC and was the furthest downstream location from the well data collection, located at
well 8 (Figure 1)

The beginning of the data collection had between 85-100% of near surface water at all
locations along main channel and between 0-15% of groundwater (Figure 14). The percentage of
near surface water decreases while the percentage of groundwater had an inverse relationship
and increased from the beginning to the end of the data collection (Figure 14). This correlated
directly to the flowrate contribution to the main channel from groundwater and near surface
water (Figure 15). At the beginning of data collection, the main channel data was clustered
together, while at the end of the data collection, there was more separation and difference

between percent contributions from groundwater and near surface water. At the end of the



