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Baseline research

e Nonpoint Sources in the lower Missouri River by Robert E. Criss, M. Lee Davison, and

James W. Kopp
o  Wanted to see how much of the Lower Missouri River water quality was influenced by nonpoint
sources vs point sources.
o  Determine whether changes in solute loads were driven mainly by river flow from upstream or by
local runoff, groundwater, and other nonpoint sources.
o  This required characterizing seasonal and eventlriven changes in flow and water quality and
separating the contribution of different sources
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Nonpoint and point sources

Fig 1: Urban e Nonpoint sources

Stormwater o  Water contamination from many dispersed sources, rather
chart (Coa, than a single identifiable point.

2023) m  Agricultural runoff

m  Urban stormwater
m  Atmospheric deposition
Point sources
o Pollutants entering a waterway from a single, identifiable
source like a pipe or ditch
m Discharge from:
e Sewage treatment plants

Wastewater Treatment Process Flow i g 8 fas ¢ FaCtorIeS
et \ e City storm drains.




Location

e Missouri River water basin
FIGURE 1 Miss he Howard Bend Waterworks {river mile 37.1) and the gauging stations at Hermann . .
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Fig 3: showing the
Missouri river/
Missouri River
basin, as well as
the Missouri river
o St ous in Missouri (Criss
et al, 2001)

350 mi
(560 km)

The last major impoundment on the main stem of the river is abowve the Gavins Point Dam (GP) near Yankfon, 5.0.
Modified after maps by the US Army Corps of Engineers and Schroeder (1382).




samples

e Used composite samples from major watertreatment intakes
e Locations
o St. Joseph, Herrmann, and Howards bend

e data collected over the years 19951999
o Included both high flow and low flow years
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Fig 4: Map of Missouri
showing the Missouri
River )Criss et al. 2001)




What they did

e Hydrologic Analysis
o Using a mixing fraction (X) parameter that described the proportion of river flow coming from old
(baseflow) vs. new (storm/runoff) water on each day
o This fraction was used to relate streamflow to water chemistry

e Water chemistry and tracer measurements
o Lab analyses measured:
m  Major ion concentrations
e Ca, Mg, K, Na, CI, SO4, ect.
m Dissolved solids
m  Nutrients
m  Organic matter

e Data Analysis:
o Examined correlations between water quality parameters and flow
m EC and isotope ratios were compared with the mixing fraction X and river discharge
o Mixing models were applied to estimate the relative contributions of baseflow and event water to
the river chemistry




Monthly averages of several parameters versus
the mixing factor X

xlﬂn'ﬂ' basin
These data demonstrate the strong influence of two-
component mixing on the chemical character of the lower
Missouri River. Most of the TOC derives from the lower basin,
whereas most of the Ca, Mg, and bicarbonate and practically
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all of the Na and sulfate originate in the upper basin. On any
given day, the trends can be used to predict water
compositions because X can be independently estimated
from stream gauge data. Also see Table 2. Ca—calcium,
Cl—chloride, HCO;—bicarbonate, Mg—magnesium,
Na—sodium, 50 ,—sulfate, TOC—total organic carbon
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Fig 5: Monthly
averages of several
parameters vs the
mixing factor x
(criss et al. 2001)
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findings

e Flow controls on chemistry
o  Strong coupling between river discharge and water chemistry
m High-flow events brought diluted, low-conductivity water
m Low-flow conditions had more concentrated solutes
o Many parameters varied with the mixing fraction X
m Electrical conductivity was found to correlate well with X, confirming that EC largely
reflected the mix of groundwater vs stormwater in the river
o  Most chemical variation could be explained by hydraulic changes rather than new pollutant
e Dominance of upstream water:
o  Quantitative mixing showed that the vast majority of lower Missouri flow was upstream water,
not local runoff.
o  Only a small fraction of the daily flow ever came from local nonpoint inputs in the urban area.




Finding pt 2

e Relative Minor role of local Inputs

Nonpoint sources contributed only minor amounts of pollutants compared to the main river flow.
No evidence of large spikes of any pollutant purely from local runoff

As flow increased, river concentration of most constituents simply diluted

During drought periods, concentrations rose in a manner consistent with groundwater

contributions.
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Fig 6: An
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The y-intercepls at X = 0 and X = 1, respectively, correspond
to the calculated conductivities of the upper- and lower-
basin water endmembers. EC—electrical conductivity

Fig 7: EC vs.
mixing fraction X
of lower basin
water
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Interpretation of findings

e Interpretation of Mixing relationships
o EC-Xrelationship is evidence that the lower Missouri Rlver behaves like a tw@omponent system
o Correlation of conductivity with X suggests that these solutions are largely conservative tracers
of the mix
m  As more rainwater enters the river, conductivity drops
m  When flow recedes, more mineratrich groundwater dominates and conductivity rises
e |sotopic evidence
o  High flows had isotopic values closer to precipitation
o Low flows reflected more weathered groundwater values
e Implications for nonpoint pollution
o Large nonpoint pollution sources were not present
m Virtually all solute concentration changes could be explained by simple dilution and mixing
o Ifthey were
m  Expect anomalies or trends independent of flow




Conclusion

River Hydrology dominates water quality in the lower missouri

Variations in flow explained almost all chemical and isotopic variability
o  Nonpoint sources within st. louis area had only a marginal effect on overall river chemistry.

e Mixing analysis with tracers is a useful method for differentiating ravine sources and
highlights the importance of accounting for flow variability in assessing nonpoint
pollution.



What | did

e Used the average concentrations that were found in “nonpoint sources in the lower
Missouri River”
e Inverse modeling

Fig 8: Missouri River
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Inverse modeling (PHREEQC User manual, and
Faure ch. 20)

e Taking a water sample, and working backwards to figure out what minerals dissolved, and
in what proportion, to result in the water - bernie
e A technique to determine the geochemical reactions that account for changes in water

chemistry along a flow path.

o  Calculating mole-balance models that describe the transfer of moles of phases and reactants,
o  Trying to reverse engineer the chemical evolution of water

e Identify the dominant reactions, like mixing, mineral dissolution/precipitation, and gas
reactants, that are responsible for the observed changes in water composition.
e Need at least two solutions



How to inverse model in phreeqc

INVERSE_MODELING

Intial/Final solutions ~ Phas ances | (Advanced) |

Defined phases: Phase input

ription of input

les the state

ding(g) in which to include for each solution. (The space bar toggles the

Fig 10: sequence spread inputs in phreeqc Fig 11: inverse modeling inputs in phreeqc



Possible errors in my PHREEQC
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My findings

Phase mole transfers

Fig 12: the 2 (g)
major and o2 (g)
minor
EES
that were
dissolved
into the
system

== modeling:

HNumber of models found: 18

Number of minimal models found:
Number of infeasib
Number of calls to c

All shown to be dissolving, If negative then it would
mean precipitation.

Minimal models = models with a minimum number of
phases)

Number of calls to cll = number of calls to the
inequality equations solver

Fig 13: summary of
the inverse
modeling done by
phreeqc
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