mean daily durations and flow volumes (Figure 3.10) for the dam site and the tributaries. One—
dimensional HEC-RAS models were developed for the mainstem and for the major tributaries
based on the 2-foot contour interval Digital Terrain Model (DTM) provided by CP&Y, and the
models were calibrated to field-measured high-water marks for the 2002 (10-year event) and
2003 (25-year event) peak flows. Reach-averaged hydraulic output (effective width, hydraulic

depth and average velocity) from the HEC-RAS models was used to compute sediment
fransport.

Field observations of the NSR and its tributaries indicated that in common with other incised
streams, the morphological adjustments of the river and the larger tributaries can be described
by a geomorphic model of incised channel evolution (Schumm et al., 1984; Simon and Hupp,
1986; Simon, 1989). A channel evolution model (NSRCEM) was developed for the NSR and its
tributaries (Figure 2.19). The model varies substantially from those developed for alluvial
streams (Figure 2.4) in that it does not predict an equilibrium end point because both vertical
and lateral erosion of the exposed shale outcrop is controlled by wetting and drying cycles
(Tinkler and Parish, 1989; Allen et al., 2002) and not hydraulic processes. There is little doubt
that following channelization in the late 1920s the NSR incised and widened (Avery, 1974) and
followed the typical channel evolution sequence while the channel boundary materials were
composed of alluvium (Types | through V). However, exposure of the shale added a significant
complicating factor to the evolution of the channel. Based on the flow record at the USGS gage
on the NSR near Cooper, there are an average of six wetting and drying cycles per year (Figure
2.3). Flow events in the channel remove the weathering products and re-initiate vertical and
lateral erosion into the shale. As a rule, lateral erosion rates exceed vertical erosion rates in
bedrock and result in the formation of gravel-covered strath surfaces that become terraces
when vertical erosion of the bed occurs (Leopold et al., 1964; Schumm, 1977) (Type VI). Deep-
seated slump failures of the overlying alluvium bury the strath surfaces (Type VII) and prevent
lateral erosion of the shale. Resulting channel narrowing may actually accelerate erosion of the
shale exposed in the bed, which in turn leads to undercutting of the erosion-resistant, root-
reinforced alluvium, thereby leading to re-exposure of the shale in the toe of the banks and
ongoing lateral retreat of the shale (Type VIIl). It is likely that over time the incision into the
shale will induce further mass failure of the alluvial valley fill and a Type VII condition will be
reestablished at a lower bed elevation and there will be additional channel widening. The
NSRCEM applies equally to the larger tributaries that have eroded into the shale.

Between the FM 904 Bridge and the upstream end of the watershed, the NSR was subdivided
into 10 subreaches (Table 2.2). Based on the NSRCEM, Subreaches 1 through 3 were
classified as Type VI, Subreach 4 was classified as Type VII, Subreaches 5 through 8 were
classified as Type VI, and Subreaches 9 and 10 were classified as Type VII. Similar
sequences are present in the larger tributaries. Incision in the headwaters of the NSR and the
major north-side fributaries has been limited by outcrop of reasonably erosion resistant
Roxton/Gober Chalk (Figure 2.2). Currently, the incised channel has the ability to convey in
excess of the 100-year flood in-bank (Figures 2.5 through 2.18), the bed of the river is
composed of shale, and therefore, the current supply of sediment to the channel is far less than
the transport capacity.

The primary sources of bed-material-sized sediment are the exposed shale outcrops in the bed
and banks of the river and the tributaries. Based on studies of the erosion of the shale (Allen et
al., 2002; Crawford, in prep) and the results of analysis of stage-discharge rating curves for the
Cooper gage (Figure 2.36) and comparative bridge profiles (Figure 2.34), erosion rates for shale
exposed in the bed and banks of the channel are on the order of 2 to 4 in./year, respectively.
Transport and slaking of the shale clasts results in a temporal and spatial transformation of
initially gravel-sized material, which is transported as bed material, to silt-clay-sized wash load

7.2 NMussetter €ngineering, Inc.



(Figure 2.40) that has little or no morphological significance. At the upstream end. of the NSR
about 80 percent of the bed material that forms a thin veneer over in-situ shale slakes to silt-
clay-sized material, whereas in the downstream reaches only about 10 percent of the bed-
material slakes (Figure 2.42). Based on a supply-limited model of sediment-transport capacity,
calibrated to the area of the bed covered by depositional bars, and incorporating the
transformation of the bed material to wash load, the best estimate of sediment yield from
channel sources to the dam site under pre-project conditions is 93,100 t/yr. Based on a
somewhat unrealistic transport capacity-limited model, the worst-case estimate of sediment
yield from channel sources to the dam site is 292,000 t/yr. With the dam in place, the best-case
estimate of annual sediment yield from channel sources to the reservoir is 35,600 tons, and the
worst-case estimate is 59,600 tons. The reduced amount of sediment is because the reservoir

inundates a high proportion of the contributing channel area and eliminates it as a contributing
source.

Estimates of the sheet-and-rill erosion on the watershed were developed with the Modified
Universal Soil Equation (MUSLE) with appropriate parameters based on the subbasin
topography and soil types (clays and loams) determined from the Soil Survey of Fannin County
(NRCS, 2001). Application of the MUSLE with the appropriate parameters underestimated
reported gross sheet-and-rill erosion rates on the Blackland Prairie soils (2 t/acl/yr), and
therefore the alpha coefficient for the MUSLE was increased by a factor of 2.7. Ephemeral gully
erosion for the cropland portions of the watershed was estimated to be equivalent to the sheet-
and-rill gross erosion rates on the basis of the soil erosion literature (Laflen et al., 1986).
Sediment delivery ratios (SDR) for the sheet-and-rill erosion were estimated with Equation 5.4
(Renfro, 1975) that yields the highest SDR values. For the ephemeral gully erosion the SDR
was estimated to be 0.67 (Alan Plummer and Associates, 2005). Worst-case watershed
sediment yields were estimated with an assumption of 100-percent cropping in the watershed
with a gross erosion rate of 3.74 t/ac/yr (Richardson, 1993). The best conservative estimate of
the current annual watershed sediment yield at the dam site is about 81,000 t/yr which reduces
to about 69,000 t/yr with the reservoir in place. Under worst-case conditions the existing annual
watershed sediment yield to the dam site is about 147,000 t/yr, and this reduces to about
90,000 t/yr with the reservoir in place. When placed in the context of reported sediment yields
in the Blackland Prairie (Table 5.4), these estimates are very conservative especially because a
100 percent trap efficiency has been assumed for the reservoir.

Although estimated sediment yields to the Lake Ralph Hall reservoir are relatively low, the
sediment yields could be further reduced by implementation of soil conservation measures on
the watershed and by reducing the exposure of shale in the mainstem of the NSR and the
tributaries between the upstream end of the conservation pool and the Roxton/Gober Chalk
outcrop (Figure 2.2).

The potential downstream effects of the Lake Ralph Hall project on channel conditions and
channel capacity are a concern. Potential problems could include sediment accumulation in the
bed of the channel since operation of the reservoir will affect the magnitude and frequency of
flows in the downstream channel, but will not affect sediment supply from the watershed,
tributary and channel sources below the dam. Field and helicopter reconnaissance of the NSR
from its confluence with the South Sulphur River to the headwaters indicates that the channel of
the NSR is deeply incised for its entire length, and that the bed of the channel is composed of
shale bedrock. Since the rates of bedrock erosion are controlled by the number of wetting and
drying cycles (Allen et al., 2002), and not by hydraulic processes, the upstream dam is unlikely
to have any effects on bedrock erosion rates. On an average annual basis, the shale will
continue to erode vertically at a rate of about 2 inches per year and laterally at a rate of about 4
inches per year. Locally, near the mouths of some of the large tributaries downstream of the
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dam site (e.g., Hickory and Big Sandy Creeks) there are alternate bars in the bed of the
channel, but these reflect local sediment supply and do not extend downstream for any
distance. Under existing conditions, the best estimate of the annual total sediment yield to the
dam site is about 174,000 tons (Figure 5.8), but only about 25 percent is composed of bed
material, the remainder being wash load. Therefore, construction of the dam will reduce the
morphologically-significant sediment yield to the channel downstream of the dam by about 25
percent, which will have an insignificant effect on the channel morphology in this sediment
supply-limited system.

Based on the geologic map (Figure 2.2), and field observations, the characteristics of the shale
exposed in the mainstem NSR and tributaries downstream of the dam site are similar to those
upstream of the site, and therefore, it can be assumed that the sediment characteristics are also
similar. This being the case, the bulk of the sediments being delivered to the NSR by the
tributaries downstream of the dam will be composed of shale clasts that break down into wash-
load size materials as they are exposed to transport and weathering processes (slaking).
Furthermore, the NSR is a supply-limited system that has the capacity to transport considerably
more bed material than is currently being supplied to the channel. Consequently, it is unlikely
that significant amounts of sediment will accumulate in the bed of the river downstream of the
dam. If sediment accumulation does occur it is highly unlikely that there will be significant loss
of channel capacity. Even with the loss of channel capacity, flows far greater than the 100-year
flood peak can be conveyed in-bank.

7.2. Conclusions

The geomorphic, hydrologic, hydraulic and sediment-transport studies conducted for this
investigation of the Lake Ralph Hall project allow the following to be concluded:

1. Channelization-induced degradation and widening of the NSR and its principal tributaries
upstream of the dam site has resulted in the erosion of about 28M tons of sediment since
the late 1920s. Current channel erosion rates are controlied by slaking rates of the
exposed shale and not by hydraulic processes and are, therefore, less than historic rates.

2.  The conservative estimate of total annual sediment yield to the dam site under pre-project
conditions is 86 ac-ft (174,000 tons). With the reservoir in place, the contributing
watershed area is reduced, as is the length of channel that is supplying sediment, and
therefore, the total annual sediment yield to the reservoir reduces to 51 ac-ft (104,000
tons). Therefore, estimated sediment delivery to the 160,235-ac-ft reservoir over a 50-
year period, assuming 100 percent trap efficiency, is about 2,570 ac-ft, which represents a
loss of reservoir storage capacity of approximately 1.6 percent.

3. Under the assumptions of the worst-case watershed (100 percent of the watershed under
cultivation with no soil conservation measures) and channel sediment yields (transport
capacity limited assumption) the estimated total annual sediment yield to the dam site is
217 ac-ft (439,000 tons).  With the reservoir in place, the worst-case reduces to an
annual sediment yield to the reservoir of 74 ac-ft (150,000 tons). Under these
circumstances, estimated sediment delivery to the 160,235 ac-ft reservoir over a 50-year
period, assuming 100 percent trap efficiency, is about 3,700 ac-ft, which represents a loss
of reservoir storage capacity of approximately 2.3 percent.

4. In the absence of the Lake Ralph Hall project there will be continued erosion of the NSR
and its tributaries. On average, where shale is exposed in the bed and banks of the
channels, the channel depth will increase by about 8 feet and the channel bottom widths
will increase by about 16 feet over a 50-year period. Increased channel depths are also
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likely to cause further mass failure of the alluvial portions of the banks, thereby increasing
channel top widths, as well.

No adverse downstream impacts on channel morphology or capacity are expected as a
result of sediment trapping in the reservoir, or operation of the reservoir.

Watershed sediment yields could be reduced by implementation of best soil conservation
management practices, reduction in the area under cultivation and re-establishment of
riparian buffer areas along the channel margins where they have been cleared.

Channel sediment yields between the elevation of the top of the conservation pool and the
downstream extent of the Roxton/Gober Chalk could be reduced by construction of in-
channel structures that pond water and prevent weathering of the shale outcrop. Given
the existing hydraulic capacity of the channels there is little likelihood that the in-channel
structures would cause out-of-bank flooding.
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