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Figure B1. Synoptic fl ow rate measurements of the Musselshell River found gain and loss to be within measure-
ment error. Additionally, not all withdrawals, including irrigation pumps pulling water directly from the river, could 
be quantifi ed.
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Delphia Area Measurements
August 2020 summary:

D1–D2: Takeout for the fl ooded fi eld could not be accurately measured, so the loss between these two sites 
does not represent seepage loss. 

D2–D3: The fl ood irrigation headgate gage at D3 read 900 gpm (2 cfs). Calculated gain between these sites 
is unlikely because fi elds above the canal between these two locations is unirrigated. The compounding error of 
the fl ow measurements and the gage on the takeout exceeds what can be learned about loss (or gain).

D3–D4: The canal lost 0.5 cfs along this reach of approximately 0.72 mi. However, only 0.46 mi is un-
lined—the fi nal length before the syphon under the river is cement lined. Assuming the whole amount was lost 
over the unlined portion, this results in 0.5 cfs/0.46 mi = 1.1 cfs/mi. This will be an upper limit because the 
lined portion most likely also leaks to some degree.
September 2020 summary:

D1–D3: The fi eld by D2 was not being actively fl ood irrigated, but there was fl ow through the feeder canal. 
This appeared to be the only takeout between D1 and D3 aside from some small leaking through the headgate at 
D3. Accounting for the takeout for the fi eld at D2, the loss between D1 and D3 is ([7.6-2.7]-2.5) = 2.4 cfs over 
a distance of approximately 0.87 mi or 2.7 cfs/mi. This is likely an overestimate because the feeder canal leaks 
quite a bit through shovel cuts.
May 2021 summary:

D1–D3: The feeder canal by D2 was full and leaking approximately 15 gpm through shovel cuts in the 
bank. Additionally, there was approximately 50 gpm leaving the feeder canal. Accurate loss to the feeder canal 
between D1 and D3 could not be determined. Initial estimates of approximately 0.2 cfs loss to the feeder canal  
results in a loss of 4.0 cfs over 0.85 mi or 4.7 cfs /mi, which is nearly twice the next highest loss measurement. 
We presume our initial estimates were too low and this loss calculation is not accurate.

Melstone Area Measurements
August 2020 summary:

Both pivots were off , but fl ood irrigation was occurring between sites M1 and M2.
M2–M3: Not signifi cantly diff erent.
M3–M4: The 13 cfs loss is likely from the overfl ow from the canal to the ephemeral drainage to the east of 

M3. Visual verifi cation was diffi  cult, but fl ow through the headgate could be clearly heard. 
M4–M5: Not signifi cantly diff erent.
M5–M6: Not signifi cantly diff erent. Within error this is 2.2 cfs /1.28 mi or 1.7 cfs/mi.

September 2020 summary:
Both pivots were off , no fl ood irrigation was occurring.
M1–M3: Not signifi cantly diff erent. Within error the loss of 2.9 cfs occurred over approximately 0.99 miles, 

or 2.9 cfs/mile.
M3–M4: No signifi cant diff erence. The overfl ow by M3 could still be heard.
M4–M6: The gain of 3.1 cfs could not be explained by visual inspection of the canal. No obvious sources of 

gain could be identifi ed.
May 2021 summary:

Both pivots were on, no fl ood irrigation.
M1–M3: Not signifi cantly diff erent. Within error the loss of 1.6 cfs occurred over approximately 0.99 mi, or 

1.6 cfs/mi.
M3–M4: No signifi cant diff erence; M4–M6: No signifi cant diff erence.
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Figure C1. Delphia area canal fl ow-rate measurement locations.

Figure C2. Melstone area canal fl ow-rate measurement locations.
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Table D1. Groundwater inorganic chemistry. See excel fi le, downloadable online.

Table D2. Groundwater oxygen and hydrogen isotope ratios. See excel fi le, downloadable online.

Figure D1. Linear correlation between total dissolved solids and specifi c conductance. The least-squares linear 
relationship is presented in the chart. A simplifi ed approximation of a slope of 0.8 is also presented. In general, for 
groundwater sampled collected for this project, the total dissolved solids in mg/L is approximately 8/10 the value of 
specifi c conductance in S/cm.
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Table E1. Surface-water inorganic chemistry. See excel fi le, downloadable online.

Table E2. Infrequent detections for trace metals in surface-water samples. See excel fi le, downloadable 
online.

Table E3. Surface-water oxygen and hydrogen isotope ratios. See excel fi le, downloadable online.

Figure E1. Linear correlation between total dissolved solids and specifi c conductance. The least-squares linear 
relationship is presented in the chart. A simplifi ed approximation of a slope of 0.7 is also presented. In general, for 
the Musselshell river samples collected for this project, the total dissolved solids in mg/L is approximately 7/10 the 
value of specifi c conductance in S/cm.
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Figure E3. Salinity of the Musselshell River from Roundup to Bridge Road Bridge. The largest downgradient change 
in salinity is between Delphia and Melstone, with the exception of the extreme low-fl ow conditions during the 2021 
drought. During the low, at times discontinuous, fl ows in late summer 2021, a similar increase in SC was found be-
tween Melstone and Bridge Road.
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Monitoring site location and program summary can be found here: https://www.arcgis.com/apps/MapSeries/
index.html?appid=6e45af0d62e44f989354121cdd32db78

Salinity and temperature data can be found here: https://django.msu.montana.edu/msuewq/musselshell/
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Figure H2. Volunteer monitoring data from 2012; a drought year with no high spring river fl ow rates.

Figure H3. Volunteer monitoring data from 2014; high spring river fl ows dilute the river salinity.
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Figure H4. Volunteer monitoring data from 2015; high spring river fl ows dilute the river salinity.

Figure H5. Volunteer monitoring data from 2016; chart rendering did not include river fl ow rates in 2016.
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Figure H6. Volunteer monitoring data from 2017; a drought year with no high spring river fl ow rates.

Figure H7. Volunteer monitoring data from 2018; high fl ows began before the typical peak in river salinity.



xliii

Montana Bureau of Mines and Geology Report of Investigation 35

Figure H8. Volunteer monitoring data from 2019; high fl ows began before the typical peak in river salinity.

Figure H9. Volunteer monitoring data from 2020; high spring river fl ows dilute the river salinity.
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Figure H10. Volunteer monitoring data from 2021; a drought year with no high spring river fl ow rates.


