





The simulations indicated that there might have been some temporal variability of K, as
might be expected with storm-related scour and deposition. For example, a value of 0.26 m/d
provided a better fit to the observed temperatures from June 19 to July 30, 2007, whereas the K,
values of 0.15 and 0.073 m/d provided better fits from July 30 to August 20 and from August 8
to October 3, 2007, respectively.

For the observation depth of 2.98 m (also in F-DP2), the 2D model was used and the best K
values ranged from 0.051 to 0.15 m/d (Figure 35). From June 19 to October 3, 2007, the K,
value that provided the best fit varied temporally from 0.15 to 0.073 m/d and finally to 0.051

m/d. There was good agreement between the best-fit values for the 1.15 m and 2.98 m depths.

Figure 35. Two-dimensional VS2DHI-simulated and observed riverbed temperatures at the
Fairfield site at a depth of 2.98 m with a range of K, values.
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H2. North Hamilton site

At the North Hamilton site, temperature changes were simulated over time in NH-DP1, at a
depth of 1.16 m below the river for the period of June to August 2007 using the two-dimensional
approach. The 2D model was discretized with a uniform grid of 150 columns and 120 rows. As
with the Fairfield model, the top of the model domain that was occupied by the river was
modeled as a specified, variable-head boundary; the middle of the river and the bottom of the
model were modeled as no-flow boundaries. The rest of the model domain was created based on
the cross section of the GMBVA at the North Hamilton well field site (Figure 8, Sheet and
Bossenbroek, 2005). The measured water level in NH-DP1 on the first day of sampling was
used as the initial water-table elevation. Initial temperatures were interpolated from
measurements taken in the first 30 minutes of sampling from the river, both measurements
depths in NH-DP1 and from the monitoring wells NH-5D and NH-6S (Figure 15). Temperatures
at piezometer NH-DP1 were simulated using a variety of K, values representing the top 1 m
(riverbed) of the model domain (Figure 36). The match of simulated to observed values was not
as good as at the Fairfield site. Higher values of K, produced the right amount of fluctuation but
with temperatures a bit too high. Alternatively, lower values simulated the observed average
temperature but underestimated the degree of observed temperature fluctuation. Based on the
simulations, it appears that the best values are between 0.0037 and 0.037 m/d with the median

value of 0.024 m/d (Figure 36).

59



31 - — Observed at NH-DP1, 1.16 m below river
a0 — Simulated with Kv = 0.0037 m.d
— Simulated with Kv = 0.0059 m/d
29 - - Simulated with Kv = 0.0073 m/d
— Simulated with Kv = 0.015 m/d
o 28 1 . _
~ — Simulated with Kv = 0.037 m/d
& Il
= 27
®
o 26
o
=
_ 25
24 -
23 A
22 T T T T T T 1
617107 827107 7707 THM7I07 727107 8/6/07 8/16/07 8/26/07

Date

Figure 36. Two-dimensional VS2DHI-simulated and observed riverbed temperatures at the
North Hamilton site at a depth of 1.1 m with a range of K, values.

H3. Heritage Park

At the Heritage Park site, temperature changes over time were simulated in HP-DP1, at a
depth of 0.61 m below the river for the period between July to October 2007. A one-dimensional
model was used, discretized with a uniform grid of 50 columns and 50 rows. The top of and the
bottom boundaries were specified as variable-head boundaries. The water level measured in HP-
DP1 on the first day of sampling was used as the initial water-table elevation. Initial
temperatures were interpolated from measurements taken in the first 30 minutes of sampling
from the river and from HP-DP1 at two measurements depths. Simulated temperatures at
piezometer HP-DP1 did not fit the observed data well (Figure 37). A K, value of about 3.7 to

5.9 m/d matched the observed magnitude of temperature fluctuations, but all simulated K values
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underestimated the observed overall temperature. More investigation is needed to determine

why the simulations did not work as well at this site.
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Figure 37. One-dimensional VS2DHI-simulated and observed riverbed temperatures at the
Heritage Park site at a depth of 0.61 m with a range of K, values.

H4. Boat Ramp site

At the Boat Ramp site, temperature changes over time were simulated in BR-DP1, at a
depth of 1.22 m below the river for the relatively short period between April and May 2008.
(Equipment and data were lost in the floods in March 2008; equipment was replaced in April.) A
one-dimensional model was used, discretized with a uniform grid of 50 columns and 50 rows.
The top of and the bottom boundaries were specified as variable-head boundaries. The water
level measured in BR-DP1 on the first day of sampling was used as the initial water-table
elevation. Initial temperatures were interpolated from measurements taken in the first 30

minutes of sampling from the river and from the three measurements depths in BR-DP1.
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Simulated temperatures at piezometer BR-DP1 fit the observed data best with K, values 0.59 to

0.73 m/d (Figure 38).
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Figure 38. One-dimensional VS2DHI-simulated and observed riverbed temperatures at the
Boat Ramp site at a depth of 1.22 m with a range of K, values.

l. Geophysical Surveys

All data from the geophysical surveys have been collected by the USGS, Columbus and are
currently being processed and analyzed. The results of these analyses, once available, will be
utilized to determine the geometry and thickness of the riverbed along portions the Great Miami
River corresponding to the Fairfield, North Hamilton and Boat Ramp sites. Results from the
seismic surveys will help in the identification of stratigraphic boundaries in the subsurface
immediately below the Great Miami River. The velocities of the seismic waves will provide an
insight into the composition of the different stratigraphic layers. Resistivity and conductivity

results will be used to identify the presence or absence of an external colmation layer on the
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riverbed. The external colmation layer is expected to comprise saturated fine-sediments with
very low resistivity values. In cases where the riverbed contains an internal colmation layer
(coarse sediments clogged mixed with fines), the resistivity values are expected to be relatively
higher than those for the external colmation layers but lower than either the sand and gravel

aquifer or bedrock.

J. Summary of Results

Seven methods were applied to measure the riverbed hydraulic conductivity. Some methods
measured K, and some measured Ky, (Table 9). For those that measured Ky, a rough
approximation would be to divide the value by 10 to compare to the K, values. There were large
discrepancies between the various methods applied. These will be discussed further in the next
section.
Table 9. Summary of results. Except for the heat-flow simulations, values represent geometric

means. For the heat-flow simulations, ranges are given. The values in parentheses indicate the
number of tests performed.

North Heritage

Fairfield Hamilton Park Boat Ramp
Grain-size/Hazen: Kh 2.66 (2) 10.4 (1) 5.32(2) -
Laboratory Permeameter: Kv - 9.03 (1) 51.2(3) 0.00293 (1)
Slug test: Kh 1.11(1) - 44.3 (3) 30.6 (1)
Conventional seepage meter: Kv 1.91 (10) 1.61 (1) 5.28 (8) 0.125 (4)
Piezo-seep meter: Kv - - 101 (8) -
Infil-seep meter: Kv - 101 (4) 347 (6) -
Heat flow simulations: Kv 0.051 -0.15 0.0073-0.037 1.5-5.9 0.59 -0.73

VII. Analysis and Discussion

A. Variability of the Riverbed K,
A major objective of this study was to provide water-managing agencies with values of the
riverbed K, that could be applied in large-scale groundwater-flow models. This task is

challenging not only because of the difficulty of the methods, but because of the inherent
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variability of the parameter of interest. Four sites were chosen that spanned an 18-km reach of
the Great Miami River and represented a variety of grain sizes. Yet, at each site, there was
substantial variability. For example, while the range is much less at the other sites, conventional
seepage metering results at the Fairfield site span more than an order of magnitude (0.37 to

5.8 m/d, Table 7). In contrast, the eight seepage meter results from Heritage Park varied by only
a factor of three. On the other hand, the two grain-size analyses taken at Heritage Park before
and after a major storm event demonstrated the temporal variability of these systems. If the
grain sizes can change so dramatically, the river K, could be changing as well. In the end, what
we should expect from an investigation such as this one is a reasonable range of values
associated with each site. The spatial and temporal variability need to be taken into account
when assessing the various methods. There are some methods for which we were only able to do
one or two tests to date. Extreme caution should be used making assessments based on these

methods. One or even a few samples may be insufficient to properly characterize the system.

B. Comparison and Assessment of Methods

B1. Heat-flow simulations

Of all the methods applied, there are several advantages to using the heat-flow simulations.
First, the simulations are perhaps the most representative of the applied methods in that they are
based on in-situ information and they provide estimates of K, with possibly the least disturbance
to the natural riverbed. The only disturbance associated with the method is the initial installation
of the piezometers. Second, data are collected over a relatively long period of time. This
provides an opportunity to estimate riverbed K, under a variety of conditions and even get some
idea regarding the temporal variability of the system. Third, the estimates represent a larger area

than the estimates derived from other methods. All the other methods are point measurements.
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The seepage meters covered an area of only about 0.068 m?. Temperature fluctuations below the
riverbed are affected by water moving through a presumably larger area due to what are bound to
be constantly shifting groundwater flow directions. The deeper the observation point, the larger
the area represented. There are, of course, many model parameters to estimate and for each of
these parameters, there is additional uncertainty. We intend to do detailed sensitivity analyses to
explore the impacts of those uncertainties. In addition, the modeling outcomes are only as good
as the input temperature and hydraulic head data that we have gathered. Obviously, the better
the fits of the simulated temperatures to the observed temperatures, the more confidence we can
have in the results. In spite of the uncertainty associated with the modeling, we feel that the
temperature modeling provides the best estimates we have at this time of riverbed K. In the
following sections, therefore, results from other methods are compared to those from the
temperature-modeling as some measure of their performance. Various methods are also
compared to each other.

We have done the most modeling and achieved the best fits for the Fairfield site. The one-
and two- dimensional modeling results are very consistent with each other, and the results
derived from using observations at different depths are also very consistent. The range of values
spanned a factor of 2, but this might actually represent the temporal variability of the system.
The temperature fits were also fairly good for the North Hamilton site and the fitted K, values
again spanned a range of about a factor of five. The K, values, however, were surprisingly low
and much lower than observed with any other method. We will continue to investigate this site
with more tests of the various methods. The model calibration for the Boat Ramp site was good,
but covered a much shorter period of time. As a result, the range of values presented was very

small. Finally the temperature simulations at the Heritage Park site did not fit the observed data
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as well as at other sites. This was probably due to the fact that the site was within a gaining
reach of the river. Temperature fluctuations within the riverbed in gaining reaches are much less

than in losing reaches, making model calibration more difficult.

B2. Conventional Seepage Meters

Conventional seepage meters were successfully applied at all sites, although more tests with
longer time periods are necessary, especially at the North Hamilton site. Results were
reproducible and it seemed that we had good seals even in the coarse-textured riverbed at the
Fairfield site.

Riverbed K, values derived from the conventional seepage meters were generally closer to
those derived from the temperature modeling than those of the other methods. Only the
conventional seepage metering yielded values that were consistently as low as the model-
predicted values. Still, some large discrepancies existed. The values at the Heritage Park site
were in excellent agreement to the temperature modeling values, although it should be noted that
the simulated temperatures were not matched well to the observed data. At the Fairfield site,
however, the conventional seepage-meter results were greater than the temperature modeling
estimates by approximately an order of magnitude. At the North Hamilton site, the discrepancy
was even greater, but no conclusion should be drawn due to only one seepage measurement there
thus far. At the Boat Ramp site, conventional seepage meter K, values were lower than the
temperature model-derived values by about a factor of 5.

Conventional seepage meter results were generally self-consistent. Substantial variability in
the seepage meter data existed at the Fairfield site, but not more than might be expected from this

cobbly site. Results from the Heritage Park and Boat Ramp sites were surprisingly consistent.
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B3. Hazen method and Laboratory Permeameters

The Hazen method and the laboratory permeameter tests were applied to small riverbed-
surface samples brought back to the laboratory. The field methods test larger areas and represent
what is happening as water moves vertically through a greater depth of sediment than was
sampled for the laboratory tests. Discrepancies with field data may arise due to vertical
heterogeneities in the field that were not present in the small laboratory samples. When taking
samples for the permeameter tests we noticed that the riverbed sediment sometimes changed
dramatically within several centimeters of the surface. Generally, the riverbed sediment became
much coarser with depth, particularly at the North Hamilton and Heritage Park sites. At the Boat
Ramp site also there appeared to be more cobbles with depth. Based on these observations we
believe that the K, values obtained from the permeameter tests may not be representative of the
entire riverbed. Moreover, the top riverbed layer is probably repeatedly scoured and re-
deposited during high-flow events. This transient sediment may not be representative of what is
often a more stable, coarser layer underneath.

The Hazen method (Hazen, 1892) is ideally suited to fairly-well sorted sands (Fetter, 2001).
The sediments represented here are generally more heterogeneous than sediment should be for
application of this method. The Hazen method uses only the d; to estimate hydraulic
conductivity; the relative distribution of the coarser sediment is not taken into account. In lieu of
all other methods, a method such as the Hazen method provides an initial estimation of hydraulic
conductivity, but it is not surprising that values derived using this method were substantially
different than those derived from some of the other field methods. At the Fairfield and North
Hamilton sites, the Hazen method yielded values that were higher than conventional seepage

metering values and much higher than the values derived from temperature modeling (Table 9).
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Interestingly, the Hazen derived value for Heritage Park was in close agreement with
conventional seepage metering, slug tests and heat-flow simulations.

The most direct comparison possible is between the Hazen method and the laboratory
permeameter tests. This comparison was possible only at the North Hamilton and Heritage Park
sites. For the North Hamilton site, where the sediment was a well-sorted medium sand, there
was very good agreement between these methods (Table 9). For the Heritage Park site, the
samples used for the laboratory permeameter tests came from after the January 2008 high-stage
event, corresponding to one of the grain-size samples that yielded a Hazen-method estimate of
8.4 m/d. The Hazen method estimate is lower than the laboratory permeameter test by a factor of

6.

B4. Slug tests

Slug tests are a very common hydrogeological method for estimating hydraulic conductivity
in the area around a well screen. There were two complications with regard to using them in this
study. The first was that we were concentrating our study on the riverbed, approximately the
shallowest meter or so underlying the river. Riverbed slug tests were performed in drive-point
wells. To consider the tests valid, it was necessary to drive them far enough into the river bed to
avoid any direct hydraulic connection with the river. We had to compromise between preventing
this connection and keeping the drive-point piezometers shallow to measure the layer of interest.
Ultimately we performed slug tests in a deeper part of the system than was studied with the
seepage meters, and if the seals were not perfect, the resulting measurement would be an
overestimation of hydraulic conductivity.

The second complication with comparing other methods to slug tests was that the slug tests

estimated Ky, rather than K,. To compare the values to those from other methods, we needed to
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estimate a K,/Kj, anisotropy ratio. The anisotropy ratio is itself highly variable and difficult to
measure. We used an estimate of 0.1, but its uncertainty should be considered when comparing
these methods.

At the Fairfield site, only one slug tests was performed to date. The Ky, derived from this
test was in fairly close agreement with other methods, especially with the temperature modeling.
The Heritage Park riverbed slug-test mean was 44.3 m/d corresponding to a K, of approximately
4.4 m/d, a value that compared well to the conventional seepage value and the heat-flow
simulation estimation. Only one slug test has been performed thus far at the Boat Ramp site, and
the derived hydraulic conductivity was much higher than values from other methods. More slug
tests are needed at the Boat Ramp site to better understand the apparent discrepancy. Slug tests

also still need to be performed at the North Hamilton site.

B5. Piezo-seep meters

The piezo-seep meters have the advantage of generating their own gradients. They are not
depended on the natural inflow or outflow of water through the riverbed. It is possible,
therefore, to perform many tests relatively quickly. The disadvantage is that it can be difficult to
push the attached mini-piezometer into the riverbed and there is uncertainty associated with not
knowing if there is a good enough seal around the mini-piezometer. This is especially true in
coarser sediment where the piezo-seep meter is simply not practical. On the other hand, in
sediment that is too fine, the mini-piezometer can get plugged, which is what occurred at the
North Hamilton and Boat Ramp sites. So far, therefore, we have only been used successfully at
the Heritage Park site. It should be possible to use a smaller piezometer screen in fine-sediment

settings.
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Values were self-consistent, but much higher than the values from conventional seepage
meters and the temperature modeling. We had previously performed tests with the piezo-seep in
controlled conditions in a large tank filled with a fairly uniform sand. In that setting, the piezo-
seep method was in close agreement with other methods. The reasons for the large discrepancies
at Heritage Park are unknown and warrant more investigation. One possibility is that there was
not a good enough seal around the mini-piezometer. If the mini-piezometer was in direct
hydraulic connection to the river, the measure gradient would be too low resulting in an over-

estimation of hydraulic conductivity. The solution to this problem might be a longer piezometer.

B6. Infil-seep meters

Infil-seep meters in theory work just like in-situ permeameters (e.g., Landon et al., 2001).
We designed the infil-seep meter so that it would have the advantage of a small input tube with
larger seepage bucket. This allows us to induce substantial changes in head with relatively little
water and still test a relatively large area of the riverbed. Unfortunately, the biggest problem that
we encountered was that the pressure inside the bucket would become so great as to push the
entire infil-seep up and out of the riverbed. Typically, we had to stand on the bucket to prevent
its rising out of the sediment.

All values derived from the infil-seep were very high, ranging from 101 to 347 m/d. We
believe that these high values might have resulted from the bucket pushing up and losing
connection with the riverbed or that the pressure was great enough in the bucket as to blow
sediment out away from the sides of the bucket. In either case, the direct hydraulic connection
with the river would result in erroneously high K, values. In the end, we do not believe that the

infil-seep method is viable. The high pressures will continue to raise doubts with the results.
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C. Addressing the Low Riverbed K, values

Based on the conventional seepage metering and temperature modeling, at all four field
sites, the riverbed K, is much lower than the typical K; of the Great Miami Buried Valley
Aquifer. This was found to also be the case in a previous study by Miami University conducted
at the Bolton site, adjacent to the Charles M. Bolton well field, about midway between the
Fairfield and Heritage Park sites. At the Bolton site, riverbed K, values derived from
conventional seepage metering ranged from 0.0080 to 0.81 m/d with a geometric mean of 0.092
m/d. Temperature modeling at the Bolton site yielded K, estimates from 0.061 to 0.21 m/d
(Levy et. al, 2007). The results were very similar to those from the Fairfield site (Table 9). The
low values were in contrast to the visibly-coarse nature of the riverbed at both sites. We present
the same hypothesis as we did for the Bolton site (Levy et al., 2007), that there exists a thin
clogged or colmation layer comprising a coarse matrix (gravel, pebbles and cobbles) with
imbedded fines. Such clogging is especially prevalent where municipal pumping induces
downward gradients and the downward movement of fine sediment. In addition, data from the
Bolton site suggests that this colmation layer is relatively resistant to scour and is therefore also
an armor layer. On top of this layer one can find a mix of sand and gravel that comes and goes
depending on the river stage and velocity. It is this transient sediment that we sampled for the
laboratory permeameter tests.

The clogged-layer hypothesis is supported by the fact that the riverbed K values were
lowest at the Fairfield and North Hamilton sites, where municipal pumping occurs. In addition,
at the North Hamilton, Heritage Park and Boat Ramp sites, the sediment cores for the laboratory
permeameters were collected in plastic tubes which could only be pushed up to 18 cm into the

riverbed before encountering a coarser layer that could not be penetrated. In the case of the
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North Hamilton, and Heritage Park sites, the laboratory permeameter K, values were much
higher than those from the temperature modeling or conventional seepage metering. We
hypothesize that this is because the laboratory permeameters tested the transient sediment
overlying a clogged layer. In the case of the Boat Ramp site, it appears as if the overlying
sediment was much finer than at the other sites (48 % silt + clay, Table 4) resulting in an
extremely low K, value (based on the laboratory permeameter test). It also appears that
underlying the fine sediment at the Boat Ramp site is a coarser layer that is not as clogged as at
the other sites. The slug test at the Boat Ramp site was at a mid-screen depth of 1.17 m,
probably below the silty/clayey sediment. The heat-transport modeling at the Boat Ramp site
matched temperatures at a depth of 1.22 m. It is possible that the K, value of 0.59 to 0.73 m/d
from the modeling reflects a combination of a thin layer of fines overlying a much more
conductive layer represented by the slug test.

An important aspect of this study to keep in mind is that we were limited in all our work and
at each site to the shallower, point-bar side of the river where one would expect to find the finest
riverbed sediment. It is probable that the riverbed K is much higher in the thalweg and on the
cut-bank side where the current is faster and only coarser sediment would be deposited. In a
previous study on the Calumet River, Duwelius (1996) found the highest K, values occurring
near the center of the river. It is probable that all our values are biased toward the low end. Of
all the techniques applied in this study, only temperature modeling is practical for covering a
larger area of the Great Miami River riverbed. To cover larger areas, thermisters need to be
installed in more on-shore and riverbed piezometers at a greater variety of depths to intercept

more flow paths from the river to the aquifer.
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VIIl. Summary and Conclusions

The goal of this study was to estimate appropriate values for riverbed vertical hydraulic
conductivity (K,) of the Great Miami River in a variety of settings between Hamilton and
Cincinnati, Ohio. Quantifying the riverbed K, is important when trying to understand
groundwater/surface-water interactions. Such interactions are crucial for making predictions and
decisions about local water supply and water quality. Four field sites were chosen representing a
variety of riverbed sediments from silt and clay to cobbles. Estimates of riverbed K, were made
applying a variety of methods at a variety of scales including three types of seepage meters, slug
tests, laboratory permeameter tests, grain-size analyses and modeling of heat and flow transport
between the river and groundwater. Some general conclusions were:

e The various methods yielded some very different riverbed K, values. It therefore
becomes important to know which methods to rely on and which methods are most
appropriate in which settings.

e The infil-seep method did not work. The method produces pressures that disturb the
seepage bucket and/or the sediment around the bucket. As a result, the method produced
K, values that were much higher than those derived from other methods. We do not
consider these data to be trustworthy.

e The piezo-seep meter method was also problematic. It could only practically be applied
in relatively uniform sand. Sediment that was either too coarse or too fine prohibited its
applicability. At the Heritage Park site it was used with apparent consistency, and yet it
yielded values that were higher than other methods by a factor of about 20. The
geometric mean K, was 101 m/d. The high values could have been the result of an

insufficient seal around the mini-piezometer.
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Conventional seepage metering, like the previous two seepage-meter methods, measured
the riverbed K, on a fairly small scale: cross sectional areas of 0.068 m>. Results were
consistent and reproducible. Values of K, were very small compared typical values of
horizontal hydraulic conductivity of the glacial outwash. Mean values ranged from 0.13
m/d for the silty Boat Ramp site, 1.61 m/d for the sandy and silty North Hamilton site,
1.91 m/d for the sandy, pebbly and cobbly Fairfield site to 5.28 m/d for the sandy
Heritage Park site.

Heat and flow transport was modeled for time periods of one month to 4 months using
the USGS program VS2DH. The temperature modeling method covers larger areas,
greater depths and longer time periods than do any of the other methods. The method is
therefore more appropriate for the purposes of obtaining K, values for use in large-scale
flow models. Observed temperatures were matched well at the Fairfield and Boat Ramp
sites and to a lesser degree at the North Hamilton site. The matches were not good at the
Heritage Park site, probably due to the upward gradients there. The modeling yielded K
values of 0.0073 to 0.037 m/d for the North Hamilton site, 0.051 to 0.15 m/d for the
Fairfield site, 0.59 to 0.73 m/d for the Boat Ramp site and 1.5 to 5.9 for the Heritage Park
site. K, values generated from this method were generally lower than the values obtained
through the conventional seepage metering or any other method.

The permeameter laboratory tests provided the K, values over the very small areas
corresponding to the 3.5-cm diameter sampling tubes. Permeameter K, values averaged
0.00293 m/d for the Boat Ramp, 9.03 m/d for the North Hamilton and 51.2 m/d for

Heritage Park site. These values represent only top 12-18 cm of the riverbed sediment, so
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their applicability is limited. More samples will be needed from each site to better assess
the representativeness the K, values from this method

e Slug tests conducted in the riverbed resulted in values of K;, at deeper points than for the
seepage metering or laboratory permeameter tests. Also, to infer a K, value, one must
estimate a K,/Kj;, anisotropy ratio. Using a value of 0.1 the average slug test K, values
were 0.11 m/d at the Fairfield site, 3.06 m/d at the Boat Ramp site and 4.43 m/d at the
Heritage Park site. These values agree fairly well with the heat-flow simulation results
and to some extent with the conventional seepage-metering results.

e Of all the methods, we have the most confidence in the conventional seepage metering
and the temperature modeling due to their reproducibility and appropriateness of scale.
While they differ to some extent, both methods result in relatively values of riverbed K.
Our best estimates would be derived from some combination or averaging of these
methods.

e Riverbed K, values for the sites located next to municipal well fields (North Hamilton,
Fairfield) were lower than for other two sites. This is especially surprising given the
coarse-textured riverbed at the Fairfield site. We hypothesize that this is due to clogging
of a relatively coarse sediment matrix with fine sediment that is pulled into the matrix
under the influence of pumping.

e We were unable at this time to incorporate results obtained from the USGS geophysical
investigation of the riverbed lithostratigraphy. More coordination with the USGS is
needed to compare data. This work will be our main thrust in the next two months.

Intensive investigation on the riverbed hydraulic conductivity yielded in wide ranges of

values for different methods. It is difficult to compare them directly and more difficult to give a
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single representative K, value for each site. Estimation is complicated by the high spatial
variability of the Great Miami River sediments and the dynamic character of the riverbed. Still,
we do believe that the riverbed K, values are much lower than the Ky, values for the aquifer
materials. This lower K, would hamper the volume of water exchange between the river and
groundwater and slow down any potential contaminant transport.

One of the limitations of the research in the big rivers is that all the measurements can be
conducted only in the shallow water and there is no possible to cover entire reach of river with
measurements. Therefore, measured Kv values may not the representative for the entire riverbed.
This limitation could be overcome by concentrating on the heat-transport simulation approach

with an expanded monitoring network, especially in areas of induced infiltration.
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APPENDIX 1. Grain size distribution curves and the hydraulic conductivity for sediments
from the core samples obtained while installing monitoring wells
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Figure Al. Grain size distribution curves for sediments from F-W1 (total depth 37.22 ft) at

the Fairfield site
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Figure A2. Grain size distribution curves for sediments from F-W2 (total depth 14.5 ft) at the
Fairfield site
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Table A1. Sediment sorting and hydraulic conductivity estimation from Hazen equation for
sediments from Wells 1 and 2 (W1 and W2) at Fairfield site

sample and depth (ft) (dm5;’;) f:”’csl!; o Classification® Kd (ft/d)
F WI-1 (1-4 ft) 0.25 18 --- Fine to medium sand ----

F W1-2 (4-4.5 ft) 24 5.2 3.6  Well-sorted coarse pebbles 2200

F W1-3 (4.5-5.5 ft) 4.7 5.8 2.13  Well-sorted fine pebbles 2.7

F W1-4 (5.5-6 ft) 3.9 8.7 60.0  Poorly sorted very fine pebbles 0.34

F WI1-5 (6-6.4 ft) 13 2.7 24.6  Poorly-sorted medium pebbles 16.2

F W1-6 (10-10.5 ft) 3.9 4.9 26 Poorly sorted very fine pebbles 3.1

F W2-1 (1-2 ft) 11.7 4.6 36 Poorly-sorted medium pebbles — ----

F W2-2 (2-4 ft) 4.0 7.6 33.9  Poorly-sorted medium pebbles 2200

F W2-3 (13- 15 ft) 0.35 13 NA® Medium sand 2.7

ads, 1s the median grain size

bC,, is the uniformity coefficient

¢Classification is based on the scales given by Fetter (2001)
dK is estimated from the grain size results using the Hazen method
¢Not calculated due to lack of information distribution of sizes < 0.063 mm,
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FigureA3. Grain size distribution curves for sediments from Well 1 (total depth 41.93 ft) at
the Heritage Park site
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Table A2. Sediment sorting and hydraulic conductivity estimation from Hazen equation for
sediments from wells 1 and 2 (W1 and W2) at Heritage Park site

a 0 i d
Sample and depth (ft) (gfﬁn) f) CSI!;[/ Cub Classificationc (f|t</ d)
HP W1-1 (5-71t) 0.81 9.7 0.4  Well-sorted coarse sand 90.69
HP W1-2 (1-12 ft) 0.42 4.6 4.2  Well-sorted medium sand 0.33
HP W1-3 (15-17 ft) 0.48 8.8 3.1 Well-sorted medium sand 0.58
HP W1-4 (25- 27 ft) 3.8 6.0 28.6  Poorly sorted very fine pebbles 1.5
HP W1-5 (30-32 ft) 0.15 21 NA¢  Fine sand NA
HP W1-6 (35-35.51t) 2.8 3.9 4.4  Well-sorted very fine pebbles 18.36
HP W1-7 (40-41 ft) 1.3 7.3 3 Well-sorted very coarse sand 6.37
HP W2-1 (15-15.51)  0.57 5.2 3.3  Well-sorted coarse sand 1.59

HP W2-2 (15.5 -16 ft) 1.05 6.4 7.17 Poorly-sorted very coarse sand 1.59

ads, 1s the median grain size
bC,, is the uniformity coefficient

¢Classification is based on the scales given by Fetter (2001)
dK is estimated from the grain size results using the Hazen method
¢Not calculated due to lack of information distribution of sizes < 0.063 mm

Table A3. Sediment sorting and hydraulic conductivity estimation from Hazen equation for
sediments from well 1 at Boat Ramp site

% Silt +

Sample and depth (ft) dse2 (mm) Clay Cub Classificationc Kd (ft/d)

BR 1 (2 ft) 0.7 7.1 79  Poorly-sorted coarse ¢ o
sand

BR 2 (12 ft) 13 9.3 38 Poorly-sorted very 57.5

coarse sand

ads, 1s the median grain size
bC,, is the uniformity coefficient

¢Classification is based on the scales given by Fetter (2001)
dK is estimated from the grainsize results using the Hazen method
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APPENDIX 2. Water levels in the monitoring wells and river stage for each
study site
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Figure B1: Water levels and river stage at the Fairfield site
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Figure B2: Water levels and river stage at the North Hamilton site
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Figure B3. Water levels and river stage at the Heritage Park site
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Figure B4: Water levels and river stage at the Boat Ramp site
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