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Introduction

1.0 INTRODUCTION

1.1 Background

The Angelina and Neches River Authority (ANRA) entered into an agreement with the Texas
Water Development Board (TWDB) in March 2001 for a matching grant to conduct planning studies for
the proposed Lake Columbia water supply project (TWDB Contract No. 2001-483-385) which was known
then as Lake Eastex. Public coordination meetings were held in Jacksonville, Texas, in March and
September 2001, and September 2002 during preparation of the planning studies report. A meeting was
held at a special session of the ANRA Board of Directors in Lufkin on March 12, 2003, to present a
summary of the draft planning studies report. In addition, ANRA provided periodic updates of the

ongoing planning studies on its project web site, http://www.lakeeastex.org, as well as opportunity for

visitors of the web site to provide comments on the planning studies and other aspects of the Lake

Columbia project.

The final planning studies report (Freese and Nichols, 2003), which focused on the reservoir

pool and immediate vicinity of the dam, was completed in May 2003.

The current study was spawned by inquiries of resource agency staff, including the U.S. Army
Corps of Engineers, U.S. Environmental Protection Agency, U.S. Fish and Wildlife Service, Texas
Commission on Environmental Quality, and Texas Parks and Wildlife, who participated in the 2001-2003
planning studies effort. They expressed questions about the area of potential effects of Lake Columbia
on the stream corridor downstream of the proposed lake. Recognizing this as an important issue from a
planning perspective, the ANRA proposed an amendment to the TWDB to add a study to define the area
of potential downstream effects to the existing TWDB matching grant. Consequently, the Planning
Studies contract between that ANRA and TWDB was modified in April 2003 to include the downstream
impacts study. The ANRA contracted with Freese and Nichols, Inc. (FNI) in April 2003 to assist with the

downstream study.

1.2 Purpose

The primary purpose of the Lake Columbia Downstream Impacts Study was to identify the
potential downstream area of effect in the Mud Creek floodplain based on expected reservoir operation
conditions. The limits of the study area was defined as the existing 100-year floodplain of Mud Creek
between the proposed dam site and the confluence with the Angelina River, although hydraulic modeling
included a portion of the Angelina River upstream and downstream of the confluence in order to make

the Mud Creek backwater model behave appropriately. Figure 1.1 shows the location of the study area.
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Study components included 1) review of literature on downstream impacts of reservoirs, 2) computer
simulation of reservoir operation, 3) hydraulic and hydrologic computer modeling to compare Mud Creek
floodplain boundaries with and without the proposed reservoir, 4) delineation of land cover types in the
area of effect using remotely sensed data, and 5) preliminary evaluation of impacts on selected natural
resources. The study was intended to provide boundaries defining the limits of the area of potential
changes in floodplain areas and a macro-scale evaluation of potential downstream impacts due to the

proposed Lake Columbia.
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Literature Review

2.0 LITERATURE REVIEW

The objective of the current study was to sample the large body of scientific literature pertaining to
the downstream effects of dams with an emphasis on finding studies similar to Lake Columbia in terms
of physiographic setting and operation. Downstream impacts of reservoirs having different operating
characteristics and located in vastly different geographic regions may not be comparable with respect to
type or magnitude of effect. Therefore, a primary objective of the literature survey was to identify
downstream impacts studies for reservoirs similar in operation and geographic location to the proposed

Lake Columbia.

The literature search yielded nearly 300 titles that were reviewed for this study. These included
studies that related specifically to the hydrologic, morphologic, and ecologic downstream effects of dams
(e.g., Gergel, 2002; Bergkamp et al. 2000; and Ligon et al., 1995; Hodges and Switzer, 1979; Light et
al., 2002; and Trayler, 2000), as well as other papers describing floodplain ecology but not necessarily
the impacts of dams (e.g., Batzer and Wissinger, 1996; and Guo et al., 1998). The list of publications

reviewed is presented at the end of this section. Key papers are cited in the following discussion.
2.1 Common Downstream Effects of Dams

The effects of dams on rivers have been studied extensively in the United States and elsewhere
over the past several decades as dam construction has proliferated to meet the demands for flood
control, water supply, hydroelectric power, irrigation, and other uses, and as awareness and interest in

the environmental impacts of dams has increased in recent years.

In general, the downstream effects of any given dam may be reflected in several of the
following ways:

e Changes in downstream hydrology
o instream flows
o flood regimes
o seasonal flows
o total flows
0 short-term fluctuations in flows
o extreme high and low flows.
o0 reduced overbank flooding
Changes in downstream morphology
o reduced size of active floodplain
o reduced flood peaks and frequency
0 increased erosion
Changes in downstream water quality
Reduction in riverine/riparian/floodplain habitat diversity
0 riparian vegetation sensitive to minimum and maximum flows
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e Changes in physical and biological processes
e Groundwater recharge
The magnitude of these changes, and indeed whether some of these effects occur at all,

depends on the type of dam, how it is operated, and where it is located.

The Lake Columbia dam was described in the initial phase of the current planning study grant
(Freese and Nichols, 2003). As noted, the dam will be a rolled earth fill embankment with a maximum
height of 67 feet and a length of 6,880 feet. The outlet works will consist of two 48-inch conduits for
intended releases. The dam will have an uncontrolled service spillway with a crest elevation of 315 feet
National Geodetic Vertical Datum (NGVD) and an emergency spillway with a crest elevation of 324 feet
NGVD. The reservoir is not designed for flood control. Thus, all inflows into Lake Columbia when the
water surface elevation is at or above the conservation pool level (i.e., 315 feet NGVD), will spill

downstream through the service and emergency spillways.

Many researchers have emphasized the difficulty of identifying or predicting the changes that a
dam might have on the downstream corridor (Phillips, 2003). In a comprehensive study of the
downstream effects of dams in the U.S., Williams and Wolman (1984) noted several common trends
between 21 study sites:

“(1) Frequent occurrence of major changes right after dam closure; (2) appearance in many
cases of the greatest change just downstream from the dam with progressive decrease or
recovery downstream; (3) progressive change toward an apparent new stability at a site in
the years after dam closure; (4) continuous or non-reversible character of the change at
many locations; and (5) diversity of climatic and physiographic regions in which the [channel
change] process has been observed.”

They also pointed out that the geologic record indicates that small changes in climatic factors
can produce significant changes in channel morphology, and that these and other natural influences may
mask the effects on channel morphology and vegetation that can be attributed solely to the effect of a
given dam. As they noted, “some of the [observed] channel changes might well have occurred during
the period of observation even in the absence of human interference” (Williams and Wolman, 1984), i.e.,

dam construction.
2.2 Effects on Hydrology, Sediment Transport, and Riparian Vegetation

Streams are dynamic systems that reflect the effects of all the forces acting upon them, including
climatic, geologic and human influences. If these forces remain constant for a relatively long period, a
stream may reach a state of so-called dynamic equilibrium, where the channel morphology (e.g., width,

depth, and sinuousity) becomes relatively constant.
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The primary undisputed downstream impacts of a dam are on the hydrology and sediment
transport of a stream (Brandt, 2000; Williams and Wolman, 1984 and others). A particular dam’s impact
depends on many site-specific factors, such as the dam’s structure and operation, local hydrology, basin
sediment characteristics, geomorphic constraints, climate, and attributes of the local biota (Bergkamp et
al, 2000). A gated spillway dam operated for flood control by capturing peak flows and releasing the
stored water gradually affects the hydrology differently than a non-gated dam with a passive spillway
operated for water supply or recreation. Both dams will tend to reduce peak flows, but the gradual
release of flood waters from the gated structure will prolong and possibly increase baseflow downstream,
as observed in studies of Yegua Creek below Somerville Dam in the Brazos River basin, Texas (Chin et
al.,, 2002). Dams built for hydroelectric power generation also may dampen peaks and result in highly

variable daily flows, but they might not reduce annual discharge significantly (Jennings, 1999).

Dams alter sediment cycling in rivers by intercepting large masses of sediment that otherwise would
be transported downstream (Nilsson and Berggren, 2000). The sediment removal efficiency of large
dams often exceeds 99 percent (Williams and Wolman, 1984). The enhanced sediment carrying capacity
of water discharged from a reservoir is typically evident by a scoured channel downstream of the dam,
though the length of this effect varies greatly among streams and is dependent on the distance required
for the stream to recover its pre-dam sediment loads or concentrations. Sediment sources downstream

of the dam include the channel bed and banks and tributary inflows.

In a sediment transport study on Loco Bayou downstream of Lake Nacogdoches, Phillips (2001)
concluded that, while the channel immediately below Loco Dam had experienced a net loss of sediment,
the dam had no effect on sediment supplies at a study site approximately 10 miles downstream. The
principal source of sediment at this location was believed to be contributed by erosion from the 14-
square mile watershed between the dam and the study site. Furthermore, he observed no evidence of a
significant change in channel or floodplain morphology, no reduction in alluvial sedimentation, nor did he

find any other indication of a reduction in fluvial sediment supply at the study site 10 miles downstream.

Phillips (2001) raised the question of whether or not sediment from the upper basin was being
transported to the lower basin prior to dam construction. He noted that a decoupling effect has been
demonstrated in some larger basins whereby very little sediment actually migrated from the upper basin
to the lower basin and speculated that this might be the case for Loco Bayou. Once a stream reaches its
sediment carrying capacity, it is said to be transport limited, meaning that more sediment is available
than the stream is able to carry. Therefore, any additional sediment input will result in deposition on the
stream bed. Streams that have the capacity to transport additional sediment are classified as sediment

limited.
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Trush and McBain (2000) suggest that a river system’s foundation is the interaction of flowing
water, sediment and riparian vegetation. Chin et al. (2002) and Jennings (1999) studied the effects of
Somerville Dam, a flood control dam with a gated spillway, on the hydrology, channel capacity, and
floodplain vegetation of Yegua Creek, the boundary between Washington and Burleson counties, Texas.
Chin et al. found that channel capacity in the 12-mile reach downstream of Somerville Dam had
decreased by an average of 65 percent in 34 years following dam closure. The loss of capacity was
attributed primarily to an average depth reduction of 61 percent, indicating sediment deposition due to
transport limitation, with a decrease in average width of only 9 percent. The reduction in capacity
corresponded to an 85 percent reduction in annual flood peaks. Jennings (1999) reported that riparian
vegetation had increased in proximity to the Yegua Creek channel. This change was attributed to the
change in hydrologic regime due to operation of the dam. The reduction of peak flows and increased
availability of water through summer and early fall apparently provided favorable conditions for survival

of seedlings in the riparian zone that, under pre-dam conditions, were lost to flooding or drought.

Chang and Crowley (1997) reported similar results from a study of the downstream effects of Sam
Rayburn Dam on streamflow and vegetation in the Angelina River floodplain in East Texas. Sam
Rayburn Reservoir is operated by the U.S. Army Corps of Engineers and was authorized by Congress in
1955 for the purposes of flood control, hydroelectric power generation, and conservation of water for
municipal, industrial, agricultural, and recreational uses. The dam was originally completed in 1965 and
modified in 1996, and includes two 18 feet by 26 feet power conduits and two 10 feet by 20 feet flood
control gates through which water is released from the lake. The study compared streamflow and
vegetation characteristics between study areas immediately downstream of the reservoir and a relatively
undisturbed area along the Neches River approximately 12 miles to the west. The findings indicated that
annual streamflow below the dam was not affected, but that flood peaks were lower and flow was
higher in the summer months due to reservoir operation. Vegetation comparisons, including woody and
herbaceous species in all strata of the forest stands at each site, indicated that the site downstream of
the dam had greater species diversity, richness, and evenness. They concluded that reduced flooding
and moderation of streamflow variation below the dam made the area a more diverse and stable

ecosystem than the Neches River site (Chang and Crowley, 1997).

Conner et al. (1981) concluded that hydrology is the overriding factor controlling recruitment and
survival of bottomland hardwood seedlings in their comparison of the effects of different flooding
regimes on vegetative composition of three swamp sites in Louisiana. Theriot (1993) studied the
relationship between relatively undisturbed bottomland forest species associations and their topographic
position in floodplains of the southeastern United States. The study results supported the generally

agreed notion that flooding is the dominant environmental factor influencing the makeup of bottomland
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forests, due to its effects on regeneration success and soil saturation. Individual species were shown to
have flood tolerance levels that reflected the species’ optimum position along the hydrologic gradient in

the bottomland forest.

Species associations of southern bottomland hardwoods described by Hodges and Switzer
(1979) provide an indication of the potential shift in species composition that might be expected at the
affected floodplain margins over time (Table 2.1). At the edges of the floodplain where the frequency of
flooding might decrease after dam closure, there could be a shift in species composition to a slightly drier
assemblage. In humid East Texas, such a shift in composition likely would occur gradually over a long
period of time unless a disturbance such as logging or wildfire caused an opening in the existing stand
and vegetation was allowed to regenerate unmanaged. Theriot (1993) observed that while established
trees in relatively undisturbed areas served as reliable indicators for identifying hydrologic zones within a
floodplain, such trees may remain for decades following hydrologic alteration. This is in contrast to the
more immediate effects expected in water scarce semi-arid or sub-arctic regions where flood hydrology
is typically more important for watering, fertilizing, cleaning, and sowing the land (Nilsson and Berggren,
2000).

Table 2.1 Representative associations of southern bottomland hardwood species
based on topographic position relative to minor streams in the southeastern U.S.

Wetter Flats in Floodplains
of Minor Streams

Drier Floodplain Zones of
Minor Streams

Adjacent Terraces of Minor
Streams

overcup oak (Q. lyrata), willow
oak (Q. phellos), and possibly
Nuttall oak (Q. nuttalliy

sweetgum (Liquidambar
styraciflua), cherrybark oak
(Quercus falcata var.
pagodifolia), water oak (Q.
nigra), swamp chestnut oak
(Q. michauxiy), blackgum
(Nyssa sylvatica), winged elm
(Ulmus alata), and hickories
(Carya spp.)

sweetgum, green ash
(Fraxinus pennsylvanica),
Nuttall oak, red maple (Acer
rubra), white oak (Q. alba),
southern red oak (Q. falcata),
yellow poplar (L/riodendron
tulipifera), many of the
hickories, and possibly post
oak (Q. stellata) and loblolly
pine (Pinus taeda)

Source: Hodges and Switzer, 1979

The Texas Bottomland Hardwood Preservation Program (U.S. Fish and Wildlife Service, 1984)
proposed 62 bottomland areas for consideration of some level of habitat preservation or further study.
These sites were considered to be important for maintaining populations of mallards (Anas
platyrhynchos) and wood ducks (Aix spinosa). The Mud Creek site, classified as a “Priority 1” area (i.e.,
excellent quality bottomlands of high value to mallards and wood ducks), is located eleven stream miles
downstream from the Lake Columbia site and encompasses the lower Mud Creek floodplain downstream
of U.S. Highway 84 to the Mud Creek — Angelina River confluence.  The location of the proposed Mud
Creek Priority 1 site is shown relative to the existing Mud Creek 100-year floodplain in Figure 2.1. This

area covers 4,099 acres of the 100-year floodplain, including 3,566 acres of forest, 527 acres of
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grassland/pasture, and less than 10 acres of clearcut land and water. The boundaries of the proposed
Priority 1 area appear to have been generously delineated, as they extend well beyond the 100-year
floodplain identified in the current study. The report characterized the Mud Creek Priority 1 site as
having no upstream reservoir, several large tributaries, a conspicuously braided stream channel, and a
flat and fertile floodplain with frequent flooding. This characterization apparently overlooked, or deemed
unimportant, the fact that the Tyler Lakes lie approximately 30 miles upstream and regulate 114 square
miles of the 520 square mile watershed above U.S. Highway 84, the approximate upper boundary of the

Priority 1 site.

In summary, the primary impact of dams on streams relates to their effects on hydrology and
sediment transport. Other effects on riparian and floodplain flora, and the fauna that inhabit those
areas, are dependent on the hydrologic and morphologic changes in the channel and floodplain that are
driven by these processes. The magnitude of the effects and the downstream distance that such effects
are manifested are site-specific and depend on the type of dam, its operation, and local variables such as
climate, geology, basin sediment characteristics, floodplain vegetation, and human influences in the

watershed.
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Reservoir Operating Assumptions

3.0 RESERVOIR OPERATING ASSUMPTIONS

In order to perform the hydrologic computer modeling, several assumptions must be made with
regards to the reservoir operating policies. The reservoir operation model developed for Lake Columbia
in 2003 was the basis for the operation analysis presented in this study (FNI 2003a). This model used a
daily time-step analysis from January 1, 1940 through December 31, 1996. The Texas Water
Development Board precipitation and evaporation data were applied, along with runoff developed in the
naturalized flow portion of the Neches River Water Availability Model. The model was based on the

water right permit, which does not require any releases for instream flow maintenance.

Two operating scenarios were assumed for this project — an early reservoir operation scenario
and a mature reservoir operation scenario. The operation model was run for each scenario. The output
of each model run was used to determine the impact of the proposed reservoir on flows downstream

from the dam.
3.1 Early Reservoir Operation Scenario

The early reservoir operation scenario assumes an initial smaller demand for water on Lake

Columbia during its initial operation. For this scenario, we assumed:
e ademand of 39,077 acre-feet per year (AF/Y),
e areturn flow of 4.66 million gallons per day (MGD), and
e  zero bypass for instream flows.

The demand of 39,077 AF/Y is based on the year 2010 demand as reported in Attachment A of
the June 18, 2003 letter to Jennifer Walker of the U.S. Army Corps of Engineers (FNI 2003b). The return
flow is based on the current amount of water being discharged from wastewater treatment plants above
the reservoir. The assumption of a zero bypass requirement for instream flows is based on the

provisions of Lake Columbia’s water right.
3.2 Mature Reservoir Operation Scenario

The mature reservoir operation scenario for the proposed Lake Columbia reflects the higher

water demands that are expected in the future. The mature scenario assumed:

e 50 years worth of sedimentation,
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e ademand of 85,000 AF/Y,

e areturn flow of 9.99 MGD, and

e zero bypass for instream flows.

Fifty years of sedimentation, an amount of 4,224 acre-feet, was used as a reasonable amount

that could be expected to accumulate in the proposed reservoir by the time it reaches a mature status.

The demand of 85,000 AF/Y is the currently permitted amount for the reservoir. The return flow of 9.99

mgd is the actual permitted amount of return flow from upstream wastewater treatment plants. Again,

the assumption of a zero bypass requirement for instream flows is based on the provisions of the water

right.
3.3 Summary

For each scenario, the operation model was applied to determine
the daily water levels based on daily historical runoff data for the proposed
Lake Columbia. The median of the daily lake levels was determined to be

314.5 feet NGVD for the early scenario and 312.5 feet NGVD for the mature

Summary of median
lake levels

Early scenario 314.5 ft
Mature scenario 312.5 ft

scenario. The median information was then applied to the HEC modeling effort to determine the

potential impacts downstream of the proposed Lake Columbia, which is discussed in Section 4 of this

report.
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Lake Columbia Hydrologic and Hydraulic Modeling

4.0 LAKE COLUMBIA HYDROLOGIC AND HYDRAULIC MODELING

4.1 Site Descriptions

The Lake Columbia dam site is located on Mud Creek, approximately three miles downstream
from U.S. Highway 79 in Cherokee County, Texas. The dam site is located approximately five miles
southeast of Jacksonville, Texas as shown in Figure 1.1. The upper reaches of the reservoir will extend
into Smith County. Mud Creek is a tributary of the Angelina River which is a tributary of the Neches
River. The Mud Creek area at the dam site is a broad alluvial floodplain with a streambed elevation of
265 feet NGVD. The floodplain is broad and flat, in places approximately 6,000 feet wide, with a ground
elevation of 270 feet NGVD. The abutments are steep slopes with elevations of 330 feet NGVD on the
west side and 350 feet NGVD on the east abutment. The topography is generally rolling to hilly with
broad, flat floodplains. The proposed lake would have a conservation pool elevation of 315 feet NGVD,
which, when full, will have a surface area of approximately 10,000 acres and a storage volume of
195,500 acre-feet. The normal pool elevation and storage were based on a previous yield study of the
reservoir site by Lockwood, Andrews and Newnam, Inc. (LAN, 1984). Area and capacity of the reservoir

were determined by digitizing the contours on USGS quadrangle maps of the reservoir site.

4.2 Watershed Characteristics

The drainage area for Lake Columbia is 384 square miles, of which the existing Tyler lakes
control 114 square miles (approximately 30 percent of the total watershed) in the upper portion of the
watershed. This includes approximately 46 square miles upstream from Whitehouse Dam and 68 square
miles upstream from Mud Creek Dam (the Tyler Lakes). The drainage area downstream of Lake
Columbia to the confluence of Mud Creek with the Angelina River is 169.5 square miles, making the total
drainage area for Mud Creek 553.5 square miles. The watershed is mostly rural in nature but includes
portions of the City of Tyler, along with the cities of Bullard, Troup, Jacksonville, and New Summerfield.
Land use in the area is mostly agricultural and forest lands. For the hydrological analyses, the 553.5
square mile Mud Creek drainage area was subdivided into 10 subbasins as shown in Figure 4.1. The
Angelina River was also included in the hydrologic model. It was included as a single drainage area to
the confluence with Mud Creek to provide a more realistic simulation of the flows in Mud Creek by
modeling the affects of the Angelina River on Mud Creek. It has a drainage area of 638.2 square miles.

These drainage areas are summarized in Table 4.1.
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Table 4.1 Drainage areas.
Description Basin Number Drai(r;g-gren,ié-\;eas

Lake Tyler PC2 45.7
Lake Tyler East MC1 67.9
E;cklzaﬁ)_?/?efreek and Mud Creek downstream of MC3 585
West Mud Creek WMC4 91.6
Mud Creek downstream of West Mud Creek MC5 112.8
Mud Creek downstream of U.S. Hwy. 79 MC6 7.5

Keys Creek / Mud Creek downstream of dam MC7 39.5
Mud Creek above TX-110 MC8 51.5
Mud Creek above U.S. Hwy. 84 MC9 45.3
Mud Creek above Angelina River confluence MC10 33.2
Angelina River above Mud Creek confluence AR1 638.2

4.3 Hydrograph Development

The Corps of Engineers HEC-1 Flood Hydrograph Program (COE, 1985) was used to develop
flood hydrographs for each subbasin for each of the flood events considered. The HEC-1 computer
program was developed by the Corps of Engineers to derive runoff hydrographs for individual subbasins
for each storm event. The subbasin watersheds are represented by basic model components which
include precipitation runoff, channel routing, reservoir routing, diversion, and hydrograph combinations
that are used to estimate hydrographs at various locations. Hydrographs are graphical representations
of stream flow with respect to time at particular points of interest. Snyder’s Unit Hydrograph was chosen
as the most appropriate method within HEC-1 for developing flood hydrographs, as it is typically used for
drainage areas over about 200 acres. Hydrologic properties required for the procedure include basin
length, length to the centroid of the basin, and the basin slope. From these measured values, combined
with the dimensionless parameter of C,, the lag time of a unit hydrograph was developed for each
subbasin. This method is detailed in the U.S. Army Corps of Engineers Engineering Manual (EM1110-2-
1405) Flood Hydrograph and Analysis and Computations (COE, 1959). Snyder’s empirical formula for

computing watershed lag time is:

L =Cu/ X [l S*%)°%

Where:
L= watershed lag time, in hours
/= hydraulic length of the watershed in miles
/:z = length along main channel to a point nearest the watershed centroid in
miles
C,, = coefficient derived from gauged watersheds in the same region
S = slope of the watershed in feet per mile
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Lake Columbia Hydrologic and Hydraulic Modeling

The coefficient C;, can be determined by calibration, or a regional value can be used where
calibration is not possible. Typical values for this area range from about 2 to 6. A value for C,, of 5.7
was calibrated for the Mud Creek watershed, as described in the engineering section of the Lake Eastex
Planning Studies Final Report (FNI, 2003). Additional input data required for the calculation of flood
hydrographs include the dimensionless shape factor, 640C,, for which a calibrated value of 512 was
developed, and rainfall infiltration rates. Table 4.2 below shows the measured parameters for each
subbasin in the Mud Creek watershed and the estimated lag time. A similar process was used for the

Angelina River (AR1) watershed and the values are included in Table 4.2.

Table 4.2 Subbasin hydrologic parameters.
/ ka Slope Lag Time

Basin (mi) (mi) (ft/mi) (hr)
MC1 14.7 8.0 6.12 20.42
PC2 11.2 5.8 14.9 14.51
MC3 17.3 8.1 9.1 20.28
WMC4 27.2 15.0 6.8 30.15
MC5 21.5 13.8 7.3 26.84
MC6 5.8 2.2 17.5 8.22
MC7 15.8 8.5 16.2 18.16
MC8 14.4 7.1 154 16.70
MC9 154 6.5 16.7 16.42
MC10 14.5 7.0 15.7 16.65
AR1 50.4 30.7 2.9 54.12

The Mud Creek model was calibrated to the April 1966 storm using the gage information from
the USGS gage (08034500) on Mud Creek at Highway 79. This was the historical storm of record for the
gage. Regional loss rates of 1.5 inch initial loss and 0.05 inches per hour were utilized in the analysis.

These values were also used for the Angelina River watershed.

4.3.1 Rainfall

Rainfall data for the various frequency floods were obtained from Hydro-35 (NWS, 1977) for the
5-, 15-, and 60-minute durations and from TP-40 (DOC, 1972) for the 2-, 3-, 6-, 12-, and 24-hour
durations and were adjusted for the overall basin size. Data were generated for the 2-, 5-, 10-, 25-, 50-
and 100-year storm events. Separate values were developed for the Mud Creek and Angelina River
watershed. These values were utilized for the subbasins in the routing procedures. Rainfall amounts are
shown in Tables 4.3 and 4.4. The rainfall amounts were then reduced in the HEC-1 model to account for

the reduction of the point rainfall due to the size of the basin.
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Table 4.3 Rainfall in inches for Mud Creek watershed.
Duration | 2-year | 5-year | 10-year | 25-year | 50-year | 100-year
5 minutes 0.52 0.60 0.65 0.74 0.81 0.88
15 minutes 1.12 1.28 1.41 1.60 1.75 1.90
60 minutes | 2.02 2.47 2.80 3.27 3.63 4.00
2 hours 2.52 3.27 3.83 4.40 4.88 541
3 hours 2.77 3.55 4.19 4.87 5.42 6.00
6 hours 3.28 4.31 5.05 5.95 6.77 7.57
12 hours 3.88 5.13 6.15 7.05 8.02 9.04
24 hours 4.48 5.99 7.12 8.32 9.44 10.51

Table 4.4 Rainfall in inches for Angelina River watershed.
Duration | 2-year | 5-year | 10-year | 25-year | 50-year | 100-year
5 minutes 0.53 0.60 0.65 0.74 0.81 0.87
15 minutes 1.13 1.29 1.42 1.61 1.76 1.91
60 minutes | 2.04 2.50 2.83 3.30 3.67 4.04
2 hours 2.56 3.32 3.84 4.41 4.91 5.45
3 hours 2.82 3.63 4.25 491 5.44 6.08
6 hours 3.34 4.37 5.00 6.03 6.78 7.64
12 hours 3.96 5.25 6.28 7.25 8.25 9.26
24 hours 4.57 6.14 7.32 8.56 9.68 10.74

4.3.2 Discharges

The HEC-1 model was run for the without project conditions. The routed peak discharges at the
selected points in the drainage area are summarized in Table 4.5 for the various frequency storm events.
These peak discharges are the routed flows to that point in the watershed. The point for the Lake
Columbia dam site location is immediately downstream of the dam. Station 126600 and Station 121050

are located 1.15 miles and 2.20 miles downstream of the dam site, respectively.
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Table 4.5 Existing conditions (without dam) discharges.
Storm Frequency

Location 2-year 5-year | 10-year | 25-year | 50-year | 100-year

(cfs) (cfs) (cfs) (cfs) (cfs) (cfs)
Mud Creek
Lake Columbia Dam
Site 10,079 17,155 23,112 29,771 36,287 42,679
Sta. 126600 11,103 18,666 24,784 31,764 38,606 45,306
Sta. 121050 12,209 20,412 26,532 33,468 40,489 47,404
SH 110 13,205 22,096 28,697 35,693 42,302 48,800
U.S. 84 13,992 23,373 30,349 37,724 44,687 51,392

In order to evaluate the impact of the construction of Lake Columbia Dam on the flows in the
watershed, the runoff hydrographs were routed through Lake Columbia. Lake Columbia was modeled
using the area capacity data and a spillway rating curve developed in the Lake Eastex Planning Studies
Final Report (FNI, 2003). As described in that report, the dam will include a 200-foot wide service
spillway with a crest elevation of 315.0 feet NGVD and a 1,100-foot wide emergency spillway at elevation
324.0 feet NGVD. For this configuration, the peak 100-year flood elevation was 322.59 feet NGVD and
the peak Probable Maximum Flood (PMF) level was 334.08 feet NGVD. The peak discharges for the 100-
year and PMF events are 15,490 cfs and 142,626 cfs, respectively. Based on this, a top of dam of 336
feet NGVD was assumed. Table 4.6 contains a summary of the simulated storm water discharges with
Lake Columbia in place based on the historical hydrology for Mud Creek.

Table 4.6 Modeled discharges with Lake Columbia.

Storm Frequency

Location 2-year 5-year 10-year | 25-year | 50-year | 100-year

(cfs) (cfs) (cfs) (cfs) (cfs) (cfs)
Mud Creek
Lake Columbia Dam
Site 2,296 5,036 7,570 10,318 12,941 15,824
Sta. 126600 2,844 5,140 7,727 10,539 13,222 16,180
Sta. 121050 5,735 9,539 12,497 15,593 18,537 21,805
SH 110 8,204 13,590 17,650 21,950 26,031 30,331
Uu.S. 84 9,783 16,202 20,998 26,068 30,901 35,899

The impacts of Lake Columbia on the watershed were evaluated using the HEC-1 model run
with the various operating scenarios as described in Section 3 of this report. The reservoir operation
model assumed two operating scenarios, an early reservoir operation where initial water supply demands
are included and a mature operation scenario where full utilization of the water from the reservoir is
included. These operation scenarios resulted in a median daily lake level of 314.5 feet NGVD for the

early scenario and 312.5 feet NGVD for the mature scenario. Also included was the normal pool
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scenario, which assumes the lake is at elevation 315.0 feet NGVD. The HEC-1 model used the storage
capacity data developed for the reservoir and the median lake levels as the starting water surface
elevation and included the detention effects of the lake on the discharges. The discharges for the two

scenarios are shown in Tables 4.7 and 4.8.

Table 4.7 Discharges with Lake Columbia early operating scenario.
Storm Frequency

. 2-year 5-year | 10-year | 25-year | 50-year 100-

Location (cfs) (cfs) (cfs) (cfs) (cfs) year
(cfs)

Mud Creek
Lake Columbia Dam
Site 1,800 4,469 6,899 9,720 12,330 15,219
Sta. 126600 2,472 4,549 7,027 9,915 12,584 15,548
Sta. 121050 5,358 9,138 11,943 14,964 17,890 21,068
SH 110 7,851 13,212 17,213 21,386 25,409 29,660
u.S. 84 9,468 15,823 20,596 25,573 30,317 35,255

Table 4.8 Discharges with Lake Columbia mature operating scenario.

Storm Frequency

Location 2-year 5-year | 10-year | 25-year | 50-year | 100-year
Mud Creek
Lake Columbia Dam Site 303 2,417 4,563 7,303 9,977 12,866
Sta. 126600 2,268 3,760 4,870 7,409 10,143 13,103
Sta. 121050 5,303 8,784 11,369 14,059 16,607 19,162
SH 110 7,842 12,984 16,800 20,766 24,523 28,175
U.S. 84 9,467 15,670 20,280 25,082 29,635 34,050

4.4 Hydraulic Modeling

The hydraulic model for Mud Creek and a portion of the Angelina River was developed in
HEC-RAS (COE, 2001). HEC-RAS was developed by the Corps of Engineers as a one-dimensional
backwater model. The program consists of a graphical user interface, hydraulic analysis components,
data management, and graphic capabilities. The backwater analysis is a water surface profile
approximation based on the geometric and friction loss characteristics of the channel. The HEC-RAS
model for the current study used 64 cross sections to model 16.9 miles of stream on Mud Creek and
23 cross sections to model 13.4 miles of the Angelina River. The Angelina River was modeled both
upstream and downstream of the confluence with Mud Creek. Cross sections were obtained from
USGS 7-1/2 minute topographical maps. Cross sections were drawn upstream and downstream of
bridge crossings to model the hydraulic effects of bridge flow restrictions. A map showing the

locations of the cross-sections is shown in Figure 4.2.
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Lake Columbia Hydrologic and Hydraulic Modeling

HEC-RAS also utilizes bridge information in the analysis. For this study five bridges were
modeled along Mud Creek and the Angelina River. The modeled bridges included those at State
Highway 204, State Highway 110, County Road 1301, U.S. Highway 84, and County Road 1209.
Data gathered from each of the bridges from field visits include the low chord and deck of the bridge,
the opening length, and pier description. These data were input into the HEC-RAS model to more
accurately describe the hydraulic effects of the bridges. These bridges also represented study points

from which runoff hydrographs were developed.

/denﬂ Deck =>

| Ground - -
| =———— Low Chord

Manning’s roughness coefficients (n-values) were determined for the river downstream of the
dam. Estimates for Manning's roughness coefficients were made according to the standard
procedures outlined by the Natural Resource Conservation Service (NRCS). These values were
calculated using an estimation process based on Supplement B to the Hydraulics Section of the
Engineering Handbook (NRCS, 1956). The estimation begins with a basic value of roughness
coefficients for a straight, smooth channel in the study area. Then factors such as irregularity of the
surfaces of the channel sides and bottom, variations in the shape and size of cross sections,
obstructions, vegetation, and meandering of the channel are considered based on evaluation of the
area from the aerial photographs and critical judgment. These factors are used to generate
Manning’s roughness coefficients for the channel and overbank areas. Initial estimates of the n-
values were verified by a visual inspection of the river at road crossings. HEC-RAS model runs were

performed for Mud Creek and the Angelina River using the estimated Manning's coefficients.

4.5 Modeling Results

The steady state function of the HEC-RAS model was run with the 2-, 5-, 10-, 25-, 50-, and 100-
year frequency storm events and the various operating scenarios as described previously. The starting
water surface elevation in the lake were assumed to be 315 feet NGVD for normal pool, 314.5 feet NGVD
for early median operation and 312.5 feet NGVD for mature median operation. Using these elevations as
starting water surface includes the detention effects of the reservoir on flows. Tables 4.9, 4.10, 4.11,
4.12, 4.13, and 4.14 provide water surface elevations at selected points in the watershed for the

respective storm events.
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Table 4.9 2-year water surface elevations (feet NGVD) at selected
downstream locations.
Operating Scenario
Existing Conditions Normal Pool Early Median Mature Median
Location (without dam) Elevation Operation Operation
Mud Creek
Lake Columbia 271.6 269.9 269.7 269.3
Dam Site
Sta. 126600 271.3 269.5 269.3 269.3
Sta. 121050 271.0 269.2 269.0 269.0
SH 110 268.9 267.3 267.1 267.1
UsS. 84 249.7 248.7 248.6 248.6
Table 4.10 5-year water surface elevations (feet NGVD) at selected
downstream locations.
Operating Scenario
o . Normal Pool Early Median Mature Median
Location Existing Conditions Elevation Operation Operation
(without dam) P P
Mud Creek
Lake Columbia 273.2 270.9 270.8 270.6
Dam Site
Sta. 126600 273.0 270.7 270.6 270.5
Sta. 121050 272.8 270.6 270.4 270.4
SH 110 271.1 269.1 268.9 268.9
US. 84 251.8 250.2 250.1 250.0
Table 4.11 10-year water surface elevations (feet NGVD) at selected
downstream locations.
Operating Scenario
_ o Normal Pool Early Median Mature Median
. Existing Conditions . . .
Location . Elevation Operation Operation
(without dam)
Mud Creek
Lake Columbia 274.4 271.7 271.6 271.4
Dam Site
Sta. 126600 274.2 271.6 271.5 271.3
Sta. 121050 274.0 271.4 271.3 271.2
SH 110 272.3 270.1 270.0 269.9
US. 84 253.2 251.4 251.3 251.1
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Table 4.12 25-year water surface elevations (feet NGVD) at selected
downstream locations.
Operating Scenario
.. . Normal Pool Early Median Mature Median
Location Existing Conditions Elevation Operation Operation
(without dam) P P
Mud Creek
Lake Columbia 275.5 272.5 272.4 272.2
Dam Site
Sta. 126600 275.3 272.4 272.3 272.1
Sta. 121050 275.1 272.3 272.1 272.0
SH 110 273.3 271.0 270.9 270.8
Us. 84 254.5 252.5 252.4 252.1
Table 4.13 50-year water surface elevations (feet NGVD) at selected
downstream locations.
Operating Scenario
L . Normal Early Median Mature Median
Location Existing Conditions Pool Operation Operation
(without dam) Elevation P P
Mud Creek
Lake Columbia 276.5 273.2 273.1 272.8
Dam Site
Sta. 126600 276.3 273.1 273.0 272.8
Sta. 121050 276.1 273.0 272.9 272.7
SH 110 274.2 271.8 271.7 271.5
UsS. 84 255.6 253.4 253.3 253.1
Table 4.14 100-year water surface elevations (feet NGVD) at selected
downstream locations.
Operating Scenario
_ o Normal Pool Early Median Mature Median
Location Existing Conditions Elevation Operation Operation
(without dam) P P
Mud Creek
Lake Columbia 277.4 274.0 273.8 2735
Dam Site
Sta. 126600 277.3 273.9 273.7 273.4
Sta. 121050 277.1 273.7 273.6 273.3
SH 110 275.0 272.5 272.4 272.2
US. 84 256.7 254.3 254.2 253.9
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As can be seen from the tables, there is little difference in water surface elevations between the
early and mature median operation scenarios. In addition to the scenarios described above a sensitivity
analysis was made to determine the effect of the storage in Lake Columbia on the discharges. The
lowest simulated lake elevations occurred in the month of October and resulted in lake elevations of
313.1 feet NGVD for the early operation scenario and 310.8 for the mature operation scenario. Utilizing
these values for the HEC-1 model did not result in a significant difference in discharges and resulted in a

very small amount of difference in downstream water surface elevations in the HEC-RAS model.

One other scenario was employed to evaluate the potential impacts of the reservoir on water
surface elevations in the basin. This sensitivity analysis involved revision of the spillway rating curve to
include a 300-foot wide service spillway and a 1,100-foot emergency spillway. This evaluation did not
result in a significant change in downstream water surface elevations from the other scenarios evaluated.
The HEC-RAS output data for the existing conditions (without Lake Columbia), normal pool, and all of the
operations scenarios used in the analysis are included in Appendix 1. Since the operation scenarios
evaluated did not result in a substantial difference in water surface elevations, the mature median
scenario was used for the graphical representations of each of these flood events. Figures 4.3 through
4.8 compare the Mud Creek existing conditions floodplains to the mature median operating scenario
floodplains (with Lake Columbia) for the 2-, 5-, 10-, 25-, 50-, and 100-year frequency storm events,

respectively.

4.6 Impacted Area

The Mud Creek floodplain delineations which are included in Figures 4.3 through 4.8 as part of
this report provide a graphic representation of the area differences in the floodplain for the with and

without project conditions. These differences are summarized the Table 4.15.

As previously discussed, the Mud Creek watershed is a broad, alluvial floodplain. A comparison
of the average top width of the floodplain for the different frequency storm events was made to provide
information for the evaluation of the potential impact of Lake Columbia on the Mud Creek watershed.
Figure 4.9 graphically represents the percentage change in floodplain for the different frequency storms

evaluated.
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Table 4.15 Comparison of simulated floodplain areas with (proposed) and
without (existing) the proposed Lake Columbia.

Flood Frequency Mud Creek (acres
Existing Proposed Difference
2-year 7,773 6,524 1,249
5-year 8,309 7,648 661
10-year 8,790 8,063 727
25-year 9,273 8,494 779
50-year 9,636 8,724 912
100-year 10,000 9,088 912

Table 4.16 Average floodplain top width comparison.

Flood Frequency Mud Creek (feet)
Existing Proposed Difference
2-year 4,125 3,462 663
5-year 4,410 4,059 351
10-year 4,665 4,279 386
25-year 4,921 4,508 413
50-year 5,114 4,630 484
100-year 5,307 4,823 484
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Downstream Impacts Discussion

5.0 DOWNSTREAM IMPACTS DISCUSSION

5.1 Land Cover Classification

Remote sensing techniques were used to delineate vegetation cover types within the
downstream study area. ESRI ArcView, ArcGIS and Arcinfo Geographic Information Systems (GIS) were
used to compile and analyze raster and vector datasets including satellite imagery, digital elevation
models (DEM), digital raster graphs (DRG), digital topographical maps, and digital orthophoto
guadrangles (DOQ). Current satellite imagery was acquired and incorporated into a GIS database for
analysis. The resulting geospatial database was used to develop numeric data sets and maps to
illustrate current land cover types and map floodplain boundaries. All data are provided in Appendix 2 on
CD-ROM in ArcReader format.

New digital color infrared (CIR) satellite imagery was collected for the study area. Heads-up
digitizing, or visual interpretation, of the cover classes was conducted utilizing ESRI GIS software
previously mentioned. Existing aerial imagery (DOQs) were used for verification of portions of the

satellite image that was obscured by cloud cover or for areas outside satellite coverage.

Satellite imagery was obtained from DigitalGlobe™ using their QuickBird satellite to collect the
area of interest. The tasking date was set to start on July 16, 2003. Standard specifications were set for
the imagery and included a pan-sharpened color infrared image with a 60 cm pixel resolution. The
image was to be no more than 15 degrees off nadir and would have no more than 10 percent cloud
cover. The 16 bit orthorectified image was projected to UTM Zone 15 NAD 27 coordinates. Due to the
satellite path, revisit time and cloud cover, the study area photography was collected in two scenes on
two separate dates. The western portion of the study area was collected on July 21, 2003 and the
eastern portion was collected on October, 1, 2003. These scenes were then used to complete the land

cover classification.

Heads-up digitizing of the imagery resulted in five distinct land cover classes; forest, pine
plantation, grassland/pasture, clearcut forest, and open water. Figure 5.1 presents the results of the
classification and a detailed tabulation of cover types affected by the various flood events is included in
Table 5.1.
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Table 5.1 Summary of acreages of each land cover class by flood event in the Mud
Creek Downstream Study Area. “Existing” and “Proposed” indicate without and with the
dam, respectively.

Forest Pine Plantation Grassland/Pasture Clearcut Forest Open Water
F) (PP) (GP) (€O) W)

Zi?eondt Existing | Proposed | Existing | Proposed | Existing | Proposed | Existing | Proposed | Existing | Proposed
2-year 7,100 6,083 73 61 590 371 0.5 0 9 9
5-year 7,489 7,012 73 66 730 561 7 0 9 9
10-year 7,822 7,320 74 67 872 665 10 0 12 11
25-year 8,118 7,623 74 69 1,055 787 13 4 13 11
50-year 8,333 7,773 75 70 1,200 861 15 9 13 12
100-year | 8,552 7,999 76 72 1,338 993 21 12 13 12

5.2 Hydric Soils

One of the three primary indicators of wetlands is hydric soil. While all areas within a hydric soil
series are not necessarily jurisdictional wetlands, the soils can provide insight into the potential for
wetlands to exist. Soils data for Cherokee County were obtained from the Natural Resources
Conservation Service online database (http://soildatamart.nrcs.usda.gov/). These data were in digital
format and were incorporated into the GIS. Cherokee County has three soils listed as hydric and an
additional three with inclusions of hydric soils. The three hydric soils are Bibb clay loam (Ba), Bibb fine
sandy loam (Bb) and Percilla (Pa). The Marsh land type is also listed as hydric and is delineated within
Cherokee County. Those soil series containing inclusions are Caddo fine sandy loam, level (Ca), Caddo
very fine sandy loam, mound phase (Cc), and luka clay loam (Id). The Marsh land type and the Percilla
series do not exist in the downstream study area. Maps showing areas of hydric soils in the
downstream study also were prepared and used to calculate the area of hydric soils for each flood event
(Table 5.2, Figure 5.2). Series with only hydric inclusions were not considered expansive enough to
warrant further desktop investigation.

Table 5.2 Summary of acreages of hydric and non-hydric soils by flood event in the

Mud Creek Downstream Study Area. “Existing” and “Proposed” indicate without and
with the dam, respectively.

Hydric Non-hydric
Flood event Existing | Proposed | Existing | Proposed
2-year 6,348 5,548 1,425 975
5-year 6,684 6,290 1,625 1,358
10-year 6,873 6,495 1,917 1,568
25-year 7,006 6,741 2,266 1,753
50-year 7,096 6,848 2,539 1,878
100-year 7,187 6,946 2,807 2,142
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5.3 Downstream Impacts Analysis

The following conclusions regarding the downstream effects of Lake Columbia are based on

extrapolation of impacts reported in the literature and the results of hydrologic and hydraulic modeling

conducted in the current study:

1.

The area of potentially affected floodplain is relatively small (16 percent or less of the existing,
downstream floodplain area) for both frequent (i.e., 2-year and 5-year) and less-frequent (i.e.,
10-, 25-, 50-, and 100-year) flood events based on the results of simulated reservoir operation

scenarios assuming full withdrawal for water supply.

The Mud Creek floodplain is broad and flat with abrupt side slopes in many places along its
margin. This topography tends to minimize the reduction in downstream floodplain width and

area that might occur due to the Lake Columbia dam.

Based on the conclusions of a comprehensive study of the downstream effects of dams by
Williams and Wolman (1984), any major changes to the Mud Creek channel downstream of the
dam would be expected to occur soon after completion of the dam, with the more visible effects
likely occurring near the dam and becoming less visible with distance downstream. In addition,
a new stability or dynamic equilibrium condition is expected to become established downstream

in response to the new flow regime below the dam.

The passive nature of the operation of Lake Columbia dam, with its uncontrolled service and
emergency spillways, will allow normal inflows to pass through the reservoir when its water

surface elevation is at or above the normal pool level of 315 feet msl.

Lake Columbia is expected to act as an effective sediment trap for water borne sediment carried
by Mud Creek and its tributaries upstream of the dam. Of the 553.5 square mile Mud Creek
watershed, the Tyler Lakes control sediment contributions from 114 square miles. Lake
Columbia will control 270 square miles, leaving nearly 170 square miles of the watershed as a

source area for sediment input downstream of the dam.

The Loco Bayou site downstream of Lake Nacogdoches studied by Phillips (2001) is
approximately 30 miles southeast of the Lake Columbia study area. The proposed Lake
Columbia is similar to Lake Nacogdoches in that both are water supply reservoirs, they have
uncontrolled service spillways, they occur in the same climatic and physiographic regions; and
both are situated on alluvial tributaries of the Angelina River. Because of their proximity and
similarities, it is expected that the observable downstream impacts of Lake Columbia on Mud

Creek channel or floodplain morphology will be limited to a relatively short distance.
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10.

11.

12.

Water discharged from the Lake Columbia dam is expected to be sediment limited due to
sediment capture by the lake. Thus, water leaving Lake Columbia is expected to have the
capacity to transport sediment from immediately below the dam to some point downstream
where the creek becomes transport limited. The braided nature of Mud Creek and its broad, flat
floodplain, indicate a low gradient fluvial system which suggests that transport limitation might
occur in a relatively short distance downstream of the dam. This expectation is supported by

the findings of Phillips (2001) in the nearby Loco Bayou.

It is likely, based on the low-gradient, braided character of the system, that the decoupling
effect described by Phillips (2001) in the Loco Bayou watershed is active in Mud Creek.
Decoupling refers to the limited ability of low-energy stream systems to effectively transport
sediment from the upper watershed to lower segments. If decoupling is a factor in sediment
dynamics in Mud Creek, the dam should have little impact on sediment loads downstream of the

dam because the source areas tend to be localized rather than from long distances upstream.

The predicted incremental reduction in width of the floodplain for the various flood profiles
modeled are not expected to result in a detectable change in forest species composition in the
foreseeable future. The change likely would be imperceptible over decades (Theriot, 1993) and
likely would not affect any forest stands beyond the 100-year floodplain. If there is an effect, it
would probably occur as a long-term shift to the next drier species assemblage at the edge of

the floodplain (Hodges and Switzer, 1979).

Because no measurable effect on forest species composition is expected within the limits of the
100-year floodplain due to the Lake Columbia dam, no adverse impacts are expected on the
U.S. Fish and Wildlife Service (1984) proposed Priority 1 Bottomland Hardwood site on Mud

Creek downstream from the dam.

Hydraulic modeling results indicated that the downstream floodplain area for any given flood

event is not overly sensitive to the starting water surface elevation in Lake Columbia.

Using the hydric soils within the 100-year floodplain as an indicator of the extent of wetlands, a
maximum of 72 percent of the area (7,187 acres) may be wetlands. It should be emphasized
that the regulatory definition of wetlands requires the presence of the three criteria, including
hydric soils as well as hydrophytic vegetation and wetland hydrology in order to classify an area
as wetlands. Hydric soils were used as an indicator of the potential area of wetlands because
they were readily available. The non-hydric soils, which would indicate non-wetland areas,
cover the remaining 28 percent (2,807 acres) of the floodplain. The non-hydric areas (Figure

5.2) are more prevalent along the right side of the floodplain (facing downstream), which is
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consistent with the wider floodplain difference between existing (without dam) and future (with

dam) floodplains on the right side (Figure 4.8).

13. Assuming that wetlands correlate to the hydric soils within the Mud Creek floodplain, wetlands
could occur as far out as the edge of the 100-year floodplain along much of the downstream
study area. Local conditions such as precipitation or drainage from upland slopes controls
wetland hydrology in the Mud Creek floodplain rather than flooding, because such infrequent
flooding would not be adequate to sustain wetlands. Therefore, the Lake Columbia dam likely

will have negligible impact on wetland hydrology in the downstream corridor.
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HEC-RAS Plan: Ex

River Reach River Sta Profile Q Total Min Ch EI W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl
fs) () (f) (f) (f () (fs) (safy (f
Mud Creek 1000 132650 2YR 10079.00 268.46 271.95 271.97 0.000203 1.03 9987.14 3872.49 0.11
Mud Creek 1000 132650 5YR 17155.00 268.46 273.43 273.45 0.000136 1.13 15872.68 4115.63 0.10
Mud Creek 1000 132650 10 YR 23112.00 268.46 274.51 274.53 0.000113 1.20 20405.21 4293.50 0.09
Mud Creek 1000 132650 25 YR 29771.00 268.46 275.60 275.62 0.000099 1.27 25181.90 4473.31 0.09
Mud Creek 1000 132650 50 YR 36287.00 268.46 276.60 276.63 0.000089 1.33 29761.91 4639.17 0.09
Mud Creek 1000 132650 100 YR 42679.00 268.46 277.53 277.56 0.000081 1.37 34153.95 4792.83 0.08
Mud Creek 1000 131150 2YR 10079.00 267.94 271.73 271.74 0.000119 0.69 15887.44 6427.12 0.07
Mud Creek 1000 131150 5YR 17155.00 267.94 273.29 273.30 0.000072 0.73 26101.70 6676.56 0.06
Mud Creek 1000 131150 10 YR 23112.00 267.94 274.40 274.40 0.000060 0.77 33570.79 6853.22 0.06
Mud Creek 1000 131150 25 YR 29771.00 267.94 275.50 275.51 0.000052 0.81 41249.50 7030.21 0.06
Mud Creek 1000 131150 50 YR 36287.00 267.94 276.52 276.53 0.000047 0.85 48479.98 7192.88 0.05
Mud Creek 1000 131150 100 YR 42679.00 267.94 277.46 277.47 0.000043 0.88 55309.53 7343.23 0.05
Mud Creek 1000 130250 2YR 10079.00 267.94 271.64 271.65 0.000080 0.73 15323.76 6413.08 0.08
Mud Creek 1000 130250 5YR 17155.00 267.94 273.24 273.25 0.000046 0.76 25753.91 6668.22 0.06
Mud Creek 1000 130250 10 YR 23112.00 267.94 274.35 274.36 0.000038 0.80 33276.46 6846.34 0.06
Mud Creek 1000 130250 25 YR 29771.00 267.94 275.46 275.47 0.000033 0.85 40984.87 7024.18 0.06
Mud Creek 1000 130250 50 YR 36287.00 267.94 276.48 276.50 0.000030 0.88 48235.10 7187.43 0.06
Mud Creek 1000 130250 100 YR 42679.00 267.94 277.43 277.44 0.000027 0.92 55077.89 7338.18 0.06
Mud Creek 1000 129850 2YR 10079.00 267.48 271.60 271.61 0.000129 0.74 15517.03 6418.45 0.08
Mud Creek 1000 129850 5YR 17155.00 267.48 273.22 273.22 0.000075 0.76 25997.79 6587.68 0.06
Mud Creek 1000 129850 10 YR 23112.00 267.48 274.33 274.34 0.000062 0.80 33425.03 6705.01 0.06
Mud Creek 1000 129850 25 YR 29771.00 267.48 275.45 275.46 0.000054 0.84 40959.45 6821.98 0.06
Mud Creek 1000 129850 50 YR 36287.00 267.48 276.47 276.48 0.000049 0.88 47986.38 6929.29 0.06
Mud Creek 1000 129850 100 YR 42679.00 267.48 277.41 277.42 0.000045 0.91 54569.91 7028.35 0.05
Mud Creek 1000 128750 2YR 10079.00 267.10 271.49 271.50 0.000086 0.71 14395.39 5036.19 0.07
Mud Creek 1000 128750 5YR 17155.00 267.10 273.14 273.15 0.000055 0.76 22897.79 5242.98 0.06
Mud Creek 1000 128750 10 YR 23112.00 267.10 274.27 274.28 0.000048 0.82 28889.70 5383.94 0.06
Mud Creek 1000 128750 25 YR 29771.00 267.10 275.39 275.40 0.000043 0.88 34997.24 5523.92 0.06
Mud Creek 1000 128750 50 YR 36287.00 267.10 276.42 276.43 0.000040 0.93 40730.75 5652.17 0.06
Mud Creek 1000 128750 100 YR 42679.00 267.10 277.36 277.38 0.000038 0.97 46134.78 5770.45 0.06
Mud Creek 1000 127950 2YR 10079.00 266.82 271.41 271.42 0.000117 0.83 12322.97 4277.37 0.08
Mud Creek 1000 127950 5YR 17155.00 266.82 273.09 273.10 0.000075 0.90 19595.07 4369.88 0.07
Mud Creek 1000 127950 10 YR 23112.00 266.82 274.22 274.24 0.000066 0.97 24584.68 4432.24 0.07
Mud Creek 1000 127950 25 YR 29771.00 266.82 275.35 275.36 0.000060 1.05 29597.25 4494.01 0.07
Mud Creek 1000 127950 50 YR 36287.00 266.82 276.37 276.39 0.000056 1.11 34247.32 4550.56 0.07
Mud Creek 1000 127950 100 YR 42679.00 266.82 277.32 277.34 0.000053 1.16 38584.70 4602.69 0.07
Mud Creek 1000 126600 2YR 11103.00 266.35 271.33 271.33 0.000041 0.59 19079.82 6271.62 0.06
Mud Creek 1000 126600 5YR 18666.00 266.35 273.04 273.04 0.000027 0.64 30117.49 6622.59 0.05
Mud Creek 1000 126600 10 YR 24784.00 266.35 274.18 274.19 0.000023 0.68 37812.69 6856.65 0.05
Mud Creek 1000 126600 25 YR 31764.00 266.35 275.31 275.32 0.000022 0.73 45677.57 7087.90 0.05
Mud Creek 1000 126600 50 YR 38606.00 266.35 276.34 276.35 0.000020 0.77 53101.32 7299.46 0.05
Mud Creek 1000 126600 100 YR 45306.00 266.35 277.29 277.30 0.000019 0.81 60133.20 7494.34 0.05
Mud Creek 1000 124600 2YR 11103.00 265.65 271.21 271.22 0.000083 0.76 14597.65 4390.53 0.07
Mud Creek 1000 124600 5YR 18666.00 265.65 272.96 272.97 0.000058 0.84 22386.54 4521.63 0.07
Mud Creek 1000 124600 10 YR 24784.00 265.65 274.11 274.12 0.000052 0.91 27637.10 4607.90 0.06
Mud Creek 1000 124600 25 YR 31764.00 265.65 275.24 275.25 0.000049 0.99 32900.38 4692.78 0.06
Mud Creek 1000 124600 50 YR 38606.00 265.65 276.27 276.29 0.000046 1.05 37795.70 4770.38 0.06
Mud Creek 1000 124600 100 YR 45306.00 265.65 277.22 277.24 0.000045 1.10 42373.43 4841.81 0.06
Mud Creek 1000 123150 2YR 11103.00 265.14 271.10 271.10 0.000074 0.64 17350.18 5036.94 0.06
Mud Creek 1000 123150 5YR 18666.00 265.14 272.88 272.88 0.000053 0.71 26520.21 5259.59 0.05
Mud Creek 1000 123150 10 YR 24784.00 265.14 274.04 274.04 0.000048 0.78 32697.71 5404.41 0.05
Mud Creek 1000 123150 25 YR 31764.00 265.14 275.17 275.18 0.000045 0.84 38918.55 5546.43 0.05
Mud Creek 1000 123150 50 YR 38606.00 265.14 276.21 276.22 0.000043 0.90 44743.57 5676.19 0.05
Mud Creek 1000 123150 100 YR 45306.00 265.14 277.16 277.18 0.000042 0.94 50223.03 5795.60 0.05
Mud Creek 1000 121050 2YR 12209.00 264.41 270.97 270.97 0.000052 0.58 21763.04 6417.94 0.05
Mud Creek 1000 121050 5YR 20412.00 264.41 272.79 272.79 0.000038 0.64 33795.13 6826.74 0.05
Mud Creek 1000 121050 10 YR 26532.00 264.41 273.95 273.96 0.000033 0.68 41929.16 7089.76 0.05
Mud Creek 1000 121050 25 YR 33468.00 264.41 275.10 275.10 0.000031 0.73 50169.91 7346.64 0.05
Mud Creek 1000 121050 50 YR 40489.00 264.41 276.14 276.15 0.000029 0.77 57946.73 7581.07 0.05
Mud Creek 1000 121050 100 YR 47404.00 264.41 277.10 277.11 0.000028 0.81 65315.32 7796.70 0.05
Mud Creek 1000 119350 2YR 12209.00 263.81 270.74 270.77 0.000443 1.47 8292.89 2178.53 0.13
Mud Creek 1000 119350 5YR 20412.00 263.81 272.60 272.64 0.000330 1.66 12389.99 2225.05 0.12
Mud Creek 1000 119350 10 YR 26532.00 263.81 273.78 273.83 0.000297 1.78 15031.22 2254.53 0.12
Mud Creek 1000 119350 25 YR 33468.00 263.81 274.92 274.98 0.000282 1.92 17622.75 2283.09 0.12
Mud Creek 1000 119350 50 YR 40489.00 263.81 275.96 276.03 0.000274 2.05 20008.65 2309.06 0.12
Mud Creek 1000 119350 100 YR 47404.00 263.81 276.92 276.99 0.000268 2.17 22224.75 2332.93 0.12
Mud Creek 1000 117350 2YR 12209.00 263.11 270.39 270.41 0.000097 1.03 11903.83 3137.30 0.09
Mud Creek 1000 117350 5YR 20412.00 263.11 272.36 272.38 0.000068 1.13 18261.04 3324.23 0.08
Mud Creek 1000 117350 10 YR 26532.00 263.11 273.57 273.59 0.000061 1.21 22348.05 3439.04 0.08
Mud Creek 1000 117350 25 YR 33468.00 263.11 274.73 274.75 0.000058 1.31 26390.22 3548.95 0.08
Mud Creek 1000 117350 50 YR 40489.00 263.11 275.77 275.80 0.000056 1.40 30163.26 3648.55 0.08
Mud Creek 1000 117350 100 YR 47404.00 263.11 276.74 276.77 0.000055 1.48 33718.74 3739.98 0.08
Mud Creek 1000 114900 2YR 12209.00 262.26 270.16 270.18 0.000091 1.03 11894.71 2958.90 0.09
Mud Creek 1000 114900 5YR 20412.00 262.26 272.20 272.22 0.000065 1.14 18030.06 3070.83 0.08




HEC-RAS Plan: Ex (Continued)

River Reach River Sta Profile Q Total Min Ch EI W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl
fs) () (f) (f) (f () (fs) (safy (f

Mud Creek 1000 114900 10 YR 26532.00 262.26 273.42 273.44 0.000059 1.23 21829.76 3138.15 0.08
Mud Creek 1000 114900 25 YR 33468.00 262.26 274.58 274.61 0.000057 1.34 25514.75 3202.08 0.08
Mud Creek 1000 114900 50 YR 40489.00 262.26 275.63 275.67 0.000057 1.43 28910.00 3259.88 0.08
Mud Creek 1000 114900 100 YR 47404.00 262.26 276.60 276.63 0.000056 1.52 32078.54 3312.90 0.08
Mud Creek 1000 113800 2YR 12209.00 261.87 270.05 270.07 0.000110 1.14 10693.46 2605.02 0.10
Mud Creek 1000 113800 5YR 20412.00 261.87 272.11 272.14 0.000079 1.27 16297.48 2821.88 0.09
Mud Creek 1000 113800 10 YR 26532.00 261.87 273.34 273.37 0.000072 1.37 19847.31 2951.01 0.09
Mud Creek 1000 113800 25 YR 33468.00 261.87 274.51 274.54 0.000070 1.49 23352.29 3073.19 0.09
Mud Creek 1000 113800 50 YR 40489.00 261.87 275.56 275.60 0.000069 1.60 26639.71 3183.53 0.09
Mud Creek 1000 113800 100 YR 47404.00 261.87 276.52 276.57 0.000068 1.69 29757.78 3284.76 0.09
Mud Creek 1000 112200 2YR 12209.00 261.31 269.79 269.82 0.000230 1.48 8269.08 1950.96 0.13
Mud Creek 1000 112200 5YR 20412.00 261.31 271.92 271.96 0.000166 1.63 12609.98 2086.34 0.11
Mud Creek 1000 112200 10 YR 26532.00 261.31 273.16 273.21 0.000153 1.76 15234.03 2142.19 0.11
Mud Creek 1000 112200 25 YR 33468.00 261.31 274.32 274.38 0.000150 1.92 17757.42 2194.55 0.11
Mud Creek 1000 112200 50 YR 40489.00 261.31 275.37 275.44 0.000149 2.07 20082.38 2241.72 0.12
Mud Creek 1000 112200 100 YR 47404.00 261.31 276.33 276.41 0.000149 2.20 22258.42 2284.99 0.12
Mud Creek 1000 110300 2YR 12209.00 260.65 269.55 263.85 269.56 0.000086 0.93 13131.76 2950.88 0.08
Mud Creek 1000 110300 5YR 20412.00 260.65 271.75 264.58 271.77 0.000064 1.02 20006.31 3196.33 0.07
Mud Creek 1000 110300 10 YR 26532.00 260.65 273.01 265.02 273.03 0.000059 111 24069.70 3265.50 0.07
Mud Creek 1000 110300 25 YR 33468.00 260.65 274.18 265.44 274.20 0.000058 1.22 27927.52 3329.84 0.07
Mud Creek 1000 110300 50 YR 40489.00 260.65 275.23 265.82 275.26 0.000059 1.31 31460.13 3387.69 0.07
Mud Creek 1000 110300 100 YR 47404.00 260.65 276.20 266.16 276.23 0.000059 1.40 34754.53 3440.76 0.07
Mud Creek 1000 110200 Bridge

Mud Creek 1000 110050 2YR 12209.00 260.56 269.43 269.44 0.000051 0.81 14989.75 3381.25 0.07
Mud Creek 1000 110050 5YR 20412.00 260.56 271.61 271.62 0.000038 0.90 22930.97 3792.80 0.06
Mud Creek 1000 110050 10 YR 26532.00 260.56 272.84 272.86 0.000035 0.97 27703.89 3940.92 0.06
Mud Creek 1000 110050 25 YR 33468.00 260.56 273.98 274.00 0.000035 1.06 32267.74 4077.52 0.06
Mud Creek 1000 110050 50 YR 40489.00 260.56 274.95 274.97 0.000036 1.15 36284.89 4194.08 0.07
Mud Creek 1000 110050 100 YR 47404.00 260.56 275.82 275.84 0.000037 1.24 39974.54 4298.35 0.07
Mud Creek 1000 109550 2YR 12209.00 260.38 269.40 269.41 0.000047 0.79 15443.64 3423.33 0.07
Mud Creek 1000 109550 5YR 20412.00 260.38 271.59 271.60 0.000036 0.87 23582.58 3935.97 0.06
Mud Creek 1000 109550 10 YR 26532.00 260.38 272.82 272.84 0.000033 0.95 28583.51 4158.39 0.06
Mud Creek 1000 109550 25 YR 33468.00 260.38 273.96 273.98 0.000033 1.04 33434.85 4363.34 0.06
Mud Creek 1000 109550 50 YR 40489.00 260.38 274.93 274.95 0.000034 1.12 37756.68 4538.12 0.06
Mud Creek 1000 109550 100 YR 47404.00 260.38 275.80 275.82 0.000034 1.20 41766.79 4694.49 0.07
Mud Creek 1000 107750 2YR 12209.00 259.75 269.29 269.31 0.000078 0.96 12672.65 2522.66 0.08
Mud Creek 1000 107750 5YR 20412.00 259.75 271.50 271.51 0.000067 1.10 18831.55 3058.95 0.07
Mud Creek 1000 107750 10 YR 26532.00 259.75 272.73 272.76 0.000064 1.20 22804.72 3356.23 0.07
Mud Creek 1000 107750 25 YR 33468.00 259.75 273.87 273.90 0.000065 1.32 26774.20 3629.00 0.08
Mud Creek 1000 107750 50 YR 40489.00 259.75 274.84 274.87 0.000067 1.44 30394.98 3861.04 0.08
Mud Creek 1000 107750 100 YR 47404.00 259.75 275.70 275.74 0.000069 1.54 33823.78 4068.59 0.08
Mud Creek 1000 105150 2YR 12209.00 258.80 269.10 269.11 0.000072 1.20 12246.07 1723.09 0.07
Mud Creek 1000 105150 5YR 20412.00 258.80 271.28 271.32 0.000092 1.57 16221.67 1909.16 0.08
Mud Creek 1000 105150 10 YR 26532.00 258.80 272.51 272.55 0.000106 1.80 18621.04 2013.15 0.09
Mud Creek 1000 105150 25 YR 33468.00 258.80 273.62 273.68 0.000123 2.05 20916.34 2107.84 0.10
Mud Creek 1000 105150 50 YR 40489.00 258.80 274.56 274.63 0.000141 2.29 22939.00 2187.88 0.11
Mud Creek 1000 105150 100 YR 47404.00 258.80 275.41 275.49 0.000156 2.51 24811.83 2259.47 0.11
Mud Creek 1000 104100 2YR 12209.00 258.42 269.02 269.05 0.000054 1.37 11289.80 1617.07 0.08
Mud Creek 1000 104100 5YR 20412.00 258.42 271.19 271.23 0.000070 1.80 14979.23 1780.34 0.09
Mud Creek 1000 104100 10 YR 26532.00 258.42 272.40 272.45 0.000082 2.07 17176.48 1861.79 0.10
Mud Creek 1000 104100 25 YR 33468.00 258.42 273.49 273.56 0.000095 2.37 19253.06 1935.61 0.11
Mud Creek 1000 104100 50 YR 40489.00 258.42 274.41 274.50 0.000109 2.65 21063.45 1997.75 0.12
Mud Creek 1000 104100 100 YR 47404.00 258.42 275.23 275.34 0.000122 2.91 22729.58 2053.27 0.13
Mud Creek 1000 103850 2YR 12209.00 258.33 269.01 269.04 0.000059 1.43 10053.33 1345.36 0.08
Mud Creek 1000 103850 5YR 20412.00 258.33 271.16 271.21 0.000079 191 13093.30 1481.45 0.10
Mud Creek 1000 103850 10 YR 26532.00 258.33 272.36 272.43 0.000093 2.21 14920.36 1565.40 0.11
Mud Creek 1000 103850 25 YR 33468.00 258.33 273.45 273.54 0.000110 2.54 16659.85 1641.34 0.12
Mud Creek 1000 103850 50 YR 40489.00 258.33 274.36 274.47 0.000128 2.86 18184.39 1705.12 0.13
Mud Creek 1000 103850 100 YR 47404.00 258.33 275.17 275.31 0.000144 3.15 19594.30 1762.05 0.14
Mud Creek 1000 103350 2YR 13205.00 258.15 268.94 262.30 268.99 0.000125 2.08 9244.93 1488.22 0.12
Mud Creek 1000 103350 5YR 22096.00 258.15 271.07 263.29 271.15 0.000157 2.68 12641.93 1685.38 0.14
Mud Creek 1000 103350 10 YR 28697.00 258.15 272.25 263.92 272.36 0.000179 3.06 14690.33 1779.96 0.15
Mud Creek 1000 103350 25 YR 35693.00 258.15 273.32 264.53 273.46 0.000201 3.43 16640.92 1865.57 0.16
Mud Creek 1000 103350 50 YR 42302.00 258.15 274.22 265.07 274.38 0.000219 3.73 18354.21 1937.65 0.17
Mud Creek 1000 103350 100 YR 48800.00 258.15 275.03 265.53 275.21 0.000236 4.01 19939.74 2002.04 0.18
Mud Creek 1000 103200 Bridge

Mud Creek 1000 103100 2YR 13205.00 258.06 268.77 268.87 0.000403 2.83 6343.77 1013.78 0.17
Mud Creek 1000 103100 5YR 22096.00 258.06 270.80 270.97 0.000527 3.70 8562.57 1195.87 0.20
Mud Creek 1000 103100 10 YR 28697.00 258.06 271.90 272.12 0.000621 4.28 9948.45 1327.67 0.22
Mud Creek 1000 103100 25 YR 35693.00 258.06 272.88 273.15 0.000710 4.81 11306.54 1445.22 0.23
Mud Creek 1000 103100 50 YR 42302.00 258.06 273.69 274.01 0.000784 5.26 12523.40 1542.95 0.25
Mud Creek 1000 103100 100 YR 48800.00 258.06 274.41 274.77 0.000850 5.67 13662.60 1629.14 0.26




HEC-RAS Plan: Ex (Continued)

River Reach River Sta Profile Q Total Min Ch EI W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl
fs) () (f) (f) (f () (fs) (safy (f

Mud Creek 1000 102550 2YR 13205.00 257.86 268.29 268.46 0.001214 5.00 5404.16 1177.82 0.29
Mud Creek 1000 102550 5YR 22096.00 257.86 270.26 270.48 0.001290 5.85 7977.35 1441.70 0.31
Mud Creek 1000 102550 10 YR 28697.00 257.86 271.31 271.56 0.001382 6.42 9584.03 1610.17 0.32
Mud Creek 1000 102550 25 YR 35693.00 257.86 272.26 272.54 0.001451 6.91 11177.21 1761.38 0.33
Mud Creek 1000 102550 50 YR 42302.00 257.86 273.04 273.35 0.001502 7.31 12608.79 1886.95 0.34
Mud Creek 1000 102550 100 YR 48800.00 257.86 273.73 274.06 0.001545 7.65 13950.04 1997.44 0.35
Mud Creek 1000 101050 2YR 13205.00 257.31 263.77 264.94 0.007897 9.80 2126.12 784.67 0.76
Mud Creek 1000 101050 5YR 22096.00 257.31 264.76 264.76 266.54 0.010251 12.57 2980.81 938.44 0.90
Mud Creek 1000 101050 10 YR 28697.00 257.31 265.57 265.57 267.49 0.009970 13.46 3786.79 1063.26 0.90
Mud Creek 1000 101050 25 YR 35693.00 257.31 266.28 266.28 268.35 0.009913 14.32 4581.08 1173.35 0.91
Mud Creek 1000 101050 50 YR 42302.00 257.31 266.87 266.87 269.07 0.009915 15.05 5297.05 1264.40 0.93
Mud Creek 1000 101050 100 YR 48800.00 257.31 267.40 267.40 269.71 0.009877 15.67 5990.96 1346.78 0.93
Mud Creek 1000 99150 2YR 13205.00 256.62 263.49 263.50 0.000246 1.99 17267.94 5410.86 0.15
Mud Creek 1000 99150 5YR 22096.00 256.62 264.48 264.50 0.000295 2.45 22782.23 5698.74 0.17
Mud Creek 1000 99150 10 YR 28697.00 256.62 265.08 265.11 0.000322 2.72 26285.79 5874.33 0.18
Mud Creek 1000 99150 25 YR 35693.00 256.62 265.65 265.68 0.000346 2.98 29678.18 6039.48 0.19
Mud Creek 1000 99150 50 YR 42302.00 256.62 266.14 266.17 0.000364 3.19 32661.53 6181.07 0.20
Mud Creek 1000 99150 100 YR 48800.00 256.62 266.59 266.62 0.000380 3.38 35437.79 6309.98 0.21
Mud Creek 1000 97950 2YR 13205.00 256.19 263.30 263.32 0.000302 2.21 15907.24 5125.95 0.17
Mud Creek 1000 97950 5YR 22096.00 256.19 264.25 264.28 0.000363 2.71 20900.01 5335.93 0.19
Mud Creek 1000 97950 10 YR 28697.00 256.19 264.84 264.87 0.000398 3.02 24050.29 5464.28 0.20
Mud Creek 1000 97950 25 YR 35693.00 256.19 265.39 265.42 0.000428 3.30 27089.36 5585.29 0.22
Mud Creek 1000 97950 50 YR 42302.00 256.19 265.86 265.90 0.000451 3.53 29752.99 5689.24 0.22
Mud Creek 1000 97950 100 YR 48800.00 256.19 266.29 266.34 0.000471 3.74 32225.31 5784.06 0.23
Mud Creek 1000 96975 2YR 13205.00 255.84 263.22 260.64 263.23 0.000233 2.01 17300.00 5185.38 0.15
Mud Creek 1000 96975 5YR 22096.00 255.84 264.16 260.95 264.18 0.000300 2.53 22245.64 5391.13 0.18
Mud Creek 1000 96975 10 YR 28697.00 255.84 264.73 261.16 264.75 0.000338 2.85 25366.31 5517.01 0.19
Mud Creek 1000 96975 25 YR 35693.00 255.84 265.27 261.34 265.30 0.000371 3.13 28378.48 5635.84 0.20
Mud Creek 1000 96975 50 YR 42302.00 255.84 265.73 261.46 265.77 0.000398 3.38 31019.58 5738.01 0.21
Mud Creek 1000 96975 100 YR 48800.00 255.84 266.16 261.61 266.20 0.000420 3.59 33471.98 5831.28 0.22
Mud Creek 1000 96950 Bridge

Mud Creek 1000 96925 2YR 13205.00 255.82 263.16 263.19 0.000619 2.33 11843.07 4706.20 0.18
Mud Creek 1000 96925 5YR 22096.00 255.82 264.09 264.13 0.000664 2.71 16347.66 4930.57 0.20
Mud Creek 1000 96925 10 YR 28697.00 255.82 264.66 264.71 0.000693 2.94 19199.43 5067.49 0.20
Mud Creek 1000 96925 25 YR 35693.00 255.82 265.20 265.26 0.000717 3.16 21962.19 5196.69 0.21
Mud Creek 1000 96925 50 YR 42302.00 255.82 265.66 265.72 0.000736 3.34 24392.26 5307.73 0.22
Mud Creek 1000 96925 100 YR 48800.00 255.82 266.08 266.15 0.000752 3.50 26655.29 5409.09 0.22
Mud Creek 1000 95200 2YR 13205.00 255.19 262.38 262.42 0.000734 2.49 11175.93 4672.06 0.20
Mud Creek 1000 95200 5YR 22096.00 255.19 263.30 263.34 0.000772 2.86 15543.31 4891.27 0.21
Mud Creek 1000 95200 10 YR 28697.00 255.19 263.84 263.90 0.000805 3.11 18254.42 5022.53 0.22
Mud Creek 1000 95200 25 YR 35693.00 255.19 264.36 264.42 0.000832 3.33 20889.57 5146.91 0.23
Mud Creek 1000 95200 50 YR 42302.00 255.19 264.81 264.88 0.000853 3.52 23212.09 5254.09 0.23
Mud Creek 1000 95200 100 YR 48800.00 255.19 265.22 265.29 0.000869 3.69 25382.37 5352.31 0.24
Mud Creek 1000 93700 2YR 13205.00 254.65 261.53 261.59 0.000995 2.35 8763.13 4278.64 0.20
Mud Creek 1000 93700 5YR 22096.00 254.65 262.46 262.54 0.001027 2.73 12878.69 4539.99 0.21
Mud Creek 1000 93700 10 YR 28697.00 254.65 262.99 263.08 0.001086 2.99 15292.16 4686.47 0.22
Mud Creek 1000 93700 25 YR 35693.00 254.65 263.49 263.59 0.001129 3.23 17664.36 4826.12 0.23
Mud Creek 1000 93700 50 YR 42302.00 254.65 263.92 264.03 0.001159 3.42 19766.80 4946.60 0.23
Mud Creek 1000 93700 100 YR 48800.00 254.65 264.31 264.43 0.001180 3.59 21748.36 5057.52 0.24
Mud Creek 1000 91800 2YR 13205.00 253.96 259.65 259.72 0.001196 2.24 5888.77 2071.19 0.23
Mud Creek 1000 91800 5YR 22096.00 253.96 260.74 260.84 0.001067 2.55 10042.43 4674.11 0.23
Mud Creek 1000 91800 10 YR 28697.00 253.96 261.32 261.43 0.001011 2.73 12810.34 4811.26 0.23
Mud Creek 1000 91800 25YR 35693.00 253.96 261.86 261.98 0.000977 2.90 15427.35 4937.43 0.23
Mud Creek 1000 91800 50 YR 42302.00 253.96 262.32 262.45 0.000953 3.05 17721.39 5045.43 0.23
Mud Creek 1000 91800 100 YR 48800.00 253.96 262.75 262.88 0.000931 3.17 19896.12 5145.73 0.23
Mud Creek 1000 90600 2YR 13205.00 253.52 258.87 258.89 0.000437 1.30 10149.58 3796.04 0.14
Mud Creek 1000 90600 5YR 22096.00 253.52 259.99 260.02 0.000443 1.49 14855.18 4592.46 0.15
Mud Creek 1000 90600 10 YR 28697.00 253.52 260.62 260.66 0.000415 1.62 17787.64 4778.34 0.15
Mud Creek 1000 90600 25 YR 35693.00 253.52 261.16 261.21 0.000412 1.76 20440.54 4936.72 0.15
Mud Creek 1000 90600 50 YR 42302.00 253.52 261.62 261.68 0.000413 1.89 22750.89 5070.62 0.15
Mud Creek 1000 90600 100 YR 48800.00 253.52 262.06 262.12 0.000412 1.99 24970.72 5196.03 0.15
Mud Creek 1000 89850 2YR 13205.00 253.25 258.57 258.60 0.000353 1.34 9858.66 3705.28 0.14
Mud Creek 1000 89850 5YR 22096.00 253.25 259.69 259.73 0.000357 1.53 14433.77 4483.34 0.15
Mud Creek 1000 89850 10 YR 28697.00 253.25 260.33 260.37 0.000343 1.65 17427.78 4769.43 0.15
Mud Creek 1000 89850 25 YR 35693.00 253.25 260.88 260.93 0.000334 1.78 20087.29 4885.12 0.15
Mud Creek 1000 89850 50 YR 42302.00 253.25 261.34 261.40 0.000332 191 22367.42 4982.18 0.15
Mud Creek 1000 89850 100 YR 48800.00 253.25 261.78 261.84 0.000329 2.01 24551.27 5073.39 0.16
Mud Creek 1000 88850 2YR 13205.00 252.89 258.23 258.26 0.000321 1.46 9023.65 3379.70 0.16
Mud Creek 1000 88850 5YR 22096.00 252.89 259.34 259.38 0.000328 1.68 13159.85 4081.43 0.16
Mud Creek 1000 88850 10 YR 28697.00 252.89 259.98 260.03 0.000333 1.80 15925.08 4489.80 0.17
Mud Creek 1000 88850 25 YR 35693.00 252.89 260.55 260.61 0.000316 1.93 18494.58 4612.35 0.17
Mud Creek 1000 88850 50 YR 42302.00 252.89 261.01 261.08 0.000310 2.06 20663.20 4707.75 0.17
Mud Creek 1000 88850 100 YR 48800.00 252.89 261.45 261.52 0.000303 2.16 22748.02 4797.68 0.17




HEC-RAS Plan: Ex (Continued)

River Reach River Sta Profile Q Total Min Ch EI W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

fs) () (f) (f) (f () (fs) (safy (f
Mud Creek 1000 87600 2YR 13205.00 252.43 257.82 257.85 0.000337 1.32 9989.61 3704.61 0.14
Mud Creek 1000 87600 5YR 22096.00 252.43 258.92 258.96 0.000352 153 14461.93 4457.40 0.15
Mud Creek 1000 87600 10 YR 28697.00 252.43 259.56 259.60 0.000360 1.64 17446.16 4895.74 0.15
Mud Creek 1000 87600 25 YR 35693.00 252.43 260.13 260.18 0.000360 1.75 20384.00 5220.21 0.16
Mud Creek 1000 87600 50 YR 42302.00 252.43 260.61 260.67 0.000344 1.85 22907.69 5292.23 0.16
Mud Creek 1000 87600 100 YR 48800.00 252.43 261.07 261.13 0.000330 1.93 25317.69 5360.10 0.15
Mud Creek 1000 85350 2YR 13205.00 251.62 256.94 256.97 0.000466 1.34 9869.44 3712.08 0.14
Mud Creek 1000 85350 5YR 22096.00 251.62 257.98 258.02 0.000503 1.57 14105.53 4437.78 0.15
Mud Creek 1000 85350 10 YR 28697.00 251.62 258.59 258.63 0.000520 1.69 16949.21 4864.58 0.16
Mud Creek 1000 85350 25 YR 35693.00 251.62 259.16 259.21 0.000528 1.80 19843.34 5263.54 0.16
Mud Creek 1000 85350 50 YR 42302.00 251.62 259.67 259.72 0.000524 1.87 22615.50 5619.19 0.16
Mud Creek 1000 85350 100 YR 48800.00 251.62 260.17 260.23 0.000492 191 25509.64 5860.23 0.16
Mud Creek 1000 83800 2YR 13205.00 251.05 256.11 256.14 0.000609 1.48 8925.73 3530.74 0.16
Mud Creek 1000 83800 5YR 22096.00 251.05 257.07 257.11 0.000674 1.75 12641.48 4201.87 0.18
Mud Creek 1000 83800 10 YR 28697.00 251.05 257.65 257.70 0.000695 1.89 15200.60 4607.59 0.18
Mud Creek 1000 83800 25 YR 35693.00 251.05 258.21 258.27 0.000695 1.99 17909.87 5001.38 0.19
Mud Creek 1000 83800 50 YR 42302.00 251.05 258.75 258.81 0.000665 2.05 20681.13 5374.41 0.18
Mud Creek 1000 83800 100 YR 48800.00 251.05 259.32 259.38 0.000603 2.04 23873.37 5774.31 0.18
Mud Creek 1000 82200 2YR 13205.00 250.47 254.12 254.24 0.003227 2.74 4819.94 2641.89 0.36
Mud Creek 1000 82200 5YR 22096.00 250.47 255.12 255.24 0.002484 2.82 7821.84 3365.48 0.33
Mud Creek 1000 82200 10 YR 28697.00 250.47 255.81 255.93 0.001994 2.78 10332.73 3868.13 0.30
Mud Creek 1000 82200 25 YR 35693.00 250.47 256.59 256.69 0.001499 2.64 13544.96 4428.76 0.27
Mud Creek 1000 82200 50 YR 42302.00 250.47 257.36 257.46 0.001114 2.46 17199.99 4990.65 0.23
Mud Creek 1000 82200 100 YR 48800.00 250.47 258.19 258.27 0.000810 2.26 21577.21 5589.73 0.20
Mud Creek 1000 80150 2YR 13205.00 249.62 252.94 252.96 0.000249 1.04 12688.44 4346.96 0.11
Mud Creek 1000 80150 5YR 22096.00 249.62 254.02 254.04 0.000247 1.27 17396.94 4400.78 0.11
Mud Creek 1000 80150 10 YR 28697.00 249.62 254.85 254.88 0.000222 1.36 21094.68 4442.59 0.11
Mud Creek 1000 80150 25 YR 35693.00 249.62 255.79 255.82 0.000190 1.41 25293.98 4489.61 0.10
Mud Creek 1000 80150 50 YR 42302.00 249.62 256.70 256.74 0.000164 1.44 29407.86 4535.19 0.10
Mud Creek 1000 80150 100 YR 48800.00 249.62 257.65 257.68 0.000140 1.45 33720.17 4582.49 0.09
Mud Creek 1000 78800 2YR 13205.00 248.93 252.58 252.60 0.000273 1.21 11276.93 4300.03 0.13
Mud Creek 1000 78800 5YR 22096.00 248.93 253.67 253.71 0.000248 1.44 16070.20 4469.47 0.13
Mud Creek 1000 78800 10 YR 28697.00 248.93 254.56 254.59 0.000208 151 20068.16 4606.03 0.12
Mud Creek 1000 78800 25 YR 35693.00 248.93 255.54 255.58 0.000169 1.54 24702.66 4759.44 0.11
Mud Creek 1000 78800 50 YR 42302.00 248.93 256.49 256.53 0.000141 1.56 29292.33 4906.63 0.11
Mud Creek 1000 78800 100 YR 48800.00 248.93 257.47 257.51 0.000117 1.56 34168.37 5058.32 0.10
Mud Creek 1000 77500 2YR 13205.00 248.27 252.10 252.15 0.000472 1.90 8420.64 3291.11 0.19
Mud Creek 1000 77500 5YR 22096.00 248.27 253.22 253.29 0.000425 2.24 12204.37 3420.77 0.20
Mud Creek 1000 77500 10 YR 28697.00 248.27 254.18 254.25 0.000346 2.32 15510.18 3530.16 0.18
Mud Creek 1000 77500 25 YR 35693.00 248.27 255.23 255.30 0.000275 2.35 19303.87 3651.65 0.17
Mud Creek 1000 77500 50 YR 42302.00 248.27 256.23 256.30 0.000228 2.37 22999.06 3766.22 0.16
Mud Creek 1000 77500 100 YR 48800.00 248.27 257.25 257.32 0.000190 2.36 26889.60 3883.20 0.15
Mud Creek 1000 76300 2YR 13205.00 247.66 251.51 251.55 0.000519 1.63 8287.06 3339.11 0.18
Mud Creek 1000 76300 5YR 22096.00 247.66 252.74 252.79 0.000404 1.85 12557.68 3615.45 0.17
Mud Creek 1000 76300 10 YR 28697.00 247.66 253.80 253.86 0.000297 1.87 16544.74 3855.60 0.15
Mud Creek 1000 76300 25 YR 35693.00 247.66 254.95 255.00 0.000225 1.86 21105.15 4113.13 0.13
Mud Creek 1000 76300 50 YR 42302.00 247.66 256.00 256.05 0.000182 1.86 25554.29 4349.71 0.12
Mud Creek 1000 76300 100 YR 48800.00 247.66 257.06 257.11 0.000149 1.85 30291.09 4588.19 0.11
Mud Creek 1000 74900 2YR 13205.00 246.95 250.88 250.91 0.000402 1.53 8711.40 3761.90 0.17
Mud Creek 1000 74900 5YR 22096.00 246.95 252.33 252.36 0.000230 1.58 14364.75 4030.34 0.14
Mud Creek 1000 74900 10 YR 28697.00 246.95 253.52 253.56 0.000155 1.56 19306.32 4251.12 0.12
Mud Creek 1000 74900 25 YR 35693.00 246.95 254.74 254.77 0.000115 1.55 24624.91 4476.60 0.11
Mud Creek 1000 74900 50 YR 42302.00 246.95 255.83 255.87 0.000093 1.55 29627.98 4678.79 0.10
Mud Creek 1000 74900 100 YR 48800.00 246.95 256.92 256.96 0.000077 1.54 34840.50 4880.54 0.09
Mud Creek 1000 72400 2YR 13205.00 245.67 250.14 250.15 0.000233 0.99 13362.06 5824.93 0.11
Mud Creek 1000 72400 5YR 22096.00 245.67 252.00 252.02 0.000090 0.91 24543.61 6160.78 0.08
Mud Creek 1000 72400 10 YR 28697.00 245.67 253.31 253.32 0.000060 0.90 32724.16 6395.32 0.07
Mud Creek 1000 72400 25 YR 35693.00 245.67 254.58 254.59 0.000046 0.90 41023.65 6624.80 0.06
Mud Creek 1000 72400 50 YR 42302.00 245.67 255.71 255.72 0.000038 0.91 48577.96 6826.97 0.06
Mud Creek 1000 72400 100 YR 48800.00 245.67 256.82 256.83 0.000032 0.91 56288.02 7027.32 0.05
Mud Creek 1000 71200 2YR 13205.00 245.06 249.93 249.94 0.000141 0.80 16550.82 6799.64 0.09
Mud Creek 1000 71200 5YR 22096.00 245.06 251.93 251.93 0.000053 0.73 30499.52 7073.34 0.06
Mud Creek 1000 71200 10 YR 28697.00 245.06 253.25 253.26 0.000037 0.72 39974.27 7192.89 0.05
Mud Creek 1000 71200 25YR 35693.00 245.06 254.54 254.55 0.000029 0.73 49309.20 7308.76 0.05
Mud Creek 1000 71200 50 YR 42302.00 245.06 255.67 255.68 0.000025 0.75 57625.25 7410.45 0.05
Mud Creek 1000 71200 100 YR 48800.00 245.06 256.79 256.80 0.000021 0.76 65967.84 7511.09 0.04
Mud Creek 1000 69000 2YR 13992.00 243.94 249.66 246.12 249.67 0.000103 0.87 16077.78 5618.89 0.09
Mud Creek 1000 69000 5YR 23373.00 243.94 251.82 246.62 251.83 0.000044 0.81 28982.39 6104.48 0.06
Mud Creek 1000 69000 10 YR 30349.00 243.94 253.18 246.91 253.19 0.000033 0.82 37350.09 6219.90 0.06
Mud Creek 1000 69000 25 YR 37724.00 243.94 254.48 247.20 254.49 0.000027 0.84 45522.78 6330.60 0.05
Mud Creek 1000 69000 50 YR 44687.00 243.94 255.62 247.41 255.63 0.000023 0.86 52782.73 6427.34 0.05
Mud Creek 1000 69000 100 YR 51392.00 243.94 256.74 247.61 256.75 0.000020 0.88 60066.68 6522.96 0.05
Mud Creek 1000 68800 Bridge




HEC-RAS Plan: Ex (Continued)

River Reach River Sta Profile Q Total Min Ch EI W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl
fs) () (f) (f) (f () (fs) (safy (f
Mud Creek 1000 68650 2YR 13992.00 243.77 249.30 249.32 0.000200 1.04 13505.43 4883.22 0.11
Mud Creek 1000 68650 5YR 23373.00 243.77 251.60 251.61 0.000074 0.90 26103.66 5700.25 0.07
Mud Creek 1000 68650 10 YR 30349.00 243.77 252.98 252.99 0.000053 0.90 34069.24 5872.32 0.06
Mud Creek 1000 68650 25 YR 37724.00 243.77 254.29 254.30 0.000043 0.92 41851.91 6035.72 0.06
Mud Creek 1000 68650 50 YR 44687.00 243.77 255.42 255.44 0.000037 0.94 48797.54 6177.89 0.06
Mud Creek 1000 68650 100 YR 51392.00 243.77 256.44 256.46 0.000033 0.97 55169.43 6305.49 0.06
Mud Creek 1000 67650 2YR 13992.00 243.26 249.15 249.16 0.000122 0.84 16608.03 5637.98 0.09
Mud Creek 1000 67650 5YR 23373.00 243.26 251.55 251.55 0.000047 0.74 31786.34 6546.66 0.06
Mud Creek 1000 67650 10 YR 30349.00 243.26 252.94 252.95 0.000034 0.74 40963.88 6633.70 0.05
Mud Creek 1000 67650 25 YR 37724.00 243.26 254.25 254.26 0.000028 0.76 49741.65 6715.89 0.05
Mud Creek 1000 67650 50 YR 44687.00 243.26 255.40 255.41 0.000025 0.79 57450.38 6787.25 0.05
Mud Creek 1000 67650 100 YR 51392.00 243.26 256.42 256.43 0.000023 0.81 64431.11 6851.23 0.05
Mud Creek 1000 66450 2YR 13992.00 242.65 249.07 249.07 0.000047 0.64 21999.84 6855.13 0.06
Mud Creek 1000 66450 5YR 23373.00 242.65 251.51 251.52 0.000020 0.57 42302.32 8925.69 0.04
Mud Creek 1000 66450 10 YR 30349.00 242.65 252.92 252.92 0.000015 0.58 54863.02 8995.77 0.04
Mud Creek 1000 66450 25 YR 37724.00 242.65 254.24 254.24 0.000012 0.59 66778.57 9061.76 0.04
Mud Creek 1000 66450 50 YR 44687.00 242.65 255.38 255.39 0.000011 0.61 77181.95 9118.98 0.04
Mud Creek 1000 66450 100 YR 51392.00 242.65 256.41 256.41 0.000010 0.63 86559.17 9170.25 0.03
Mud Creek 1000 64850 2YR 13992.00 241.83 248.99 248.99 0.000053 0.72 19434.27 5431.05 0.07
Mud Creek 1000 64850 5YR 23373.00 241.83 251.48 251.48 0.000026 0.68 34521.55 6266.38 0.05
Mud Creek 1000 64850 10 YR 30349.00 241.83 252.88 252.89 0.000021 0.70 43400.17 6329.82 0.05
Mud Creek 1000 64850 25 YR 37724.00 241.83 254.21 254.22 0.000018 0.73 51817.69 6389.38 0.04
Mud Creek 1000 64850 50 YR 44687.00 241.83 255.35 255.36 0.000016 0.76 59172.59 6440.97 0.04
Mud Creek 1000 64850 100 YR 51392.00 241.83 256.38 256.39 0.000015 0.79 65808.77 6487.17 0.04
Mud Creek 1000 63250 2YR 13992.00 241.02 248.89 248.90 0.000066 0.65 21402.22 5436.28 0.06
Mud Creek 1000 63250 5YR 23373.00 241.02 251.43 251.43 0.000036 0.64 36725.84 6257.08 0.05
Mud Creek 1000 63250 10 YR 30349.00 241.02 252.85 252.85 0.000030 0.67 45645.52 6313.84 0.04
Mud Creek 1000 63250 25 YR 37724.00 241.02 254.17 254.18 0.000026 0.70 54068.80 6366.98 0.04
Mud Creek 1000 63250 50 YR 44687.00 241.02 255.32 255.33 0.000024 0.73 61413.04 6412.96 0.04
Mud Creek 1000 63250 100 YR 51392.00 241.02 256.35 256.36 0.000023 0.76 68029.64 6454.09 0.04
Mud Creek 1000 61950 2YR 13992.00 240.36 248.84 248.84 0.000033 0.64 21982.24 5187.27 0.05
Mud Creek 1000 61950 5YR 23373.00 240.36 251.39 251.40 0.000020 0.64 36724.10 5997.50 0.05
Mud Creek 1000 61950 10 YR 30349.00 240.36 252.82 252.82 0.000017 0.67 45338.84 6097.22 0.04
Mud Creek 1000 61950 25 YR 37724.00 240.36 254.15 254.16 0.000015 0.71 53518.48 6190.42 0.04
Mud Creek 1000 61950 50 YR 44687.00 240.36 255.30 255.31 0.000014 0.75 60689.93 6270.99 0.04
Mud Creek 1000 61950 100 YR 51392.00 240.36 256.33 256.34 0.000013 0.78 67183.07 6343.05 0.04
Mud Creek 1000 60750 2YR 13992.00 239.83 248.78 248.79 0.000053 1.33 25915.71 5493.89 0.08
Mud Creek 1000 60750 5YR 23373.00 239.83 251.36 251.37 0.000041 1.38 41527.24 6322.09 0.07
Mud Creek 1000 60750 10 YR 30349.00 239.83 252.79 252.80 0.000038 1.44 50652.22 6450.68 0.07
Mud Creek 1000 60750 25 YR 37724.00 239.83 254.12 254.13 0.000036 1.50 59335.60 6570.71 0.07
Mud Creek 1000 60750 50 YR 44687.00 239.83 255.27 255.28 0.000035 1.56 66967.59 6674.43 0.07
Mud Creek 1000 60750 100 YR 51392.00 239.83 256.30 256.31 0.000034 1.61 73893.19 6767.18 0.07
Mud Creek 1000 58800 2YR 13992.00 239.18 248.76 248.77 0.000005 0.42 43870.95 6567.68 0.02
Mud Creek 1000 58800 5YR 23373.00 239.18 251.34 251.34 0.000006 0.52 61747.10 7110.10 0.03
Mud Creek 1000 58800 10 YR 30349.00 239.18 252.76 252.77 0.000006 0.58 71940.90 7174.33 0.03
Mud Creek 1000 58800 25 YR 37724.00 239.18 254.10 254.10 0.000007 0.64 81539.90 7234.28 0.03
Mud Creek 1000 58800 50 YR 44687.00 239.18 255.25 255.25 0.000007 0.70 89899.60 7286.10 0.03
Mud Creek 1000 58800 100 YR 51392.00 239.18 256.28 256.28 0.000007 0.74 97425.79 7332.43 0.03
Mud Creek 1000 57200 2YR 13992.00 238.64 248.76 248.76 0.000003 0.27 57134.03 7039.26 0.02
Mud Creek 1000 57200 5YR 23373.00 238.64 251.33 251.33 0.000003 0.35 75802.05 7386.45 0.02
Mud Creek 1000 57200 10 YR 30349.00 238.64 252.76 252.76 0.000004 0.40 86406.20 7479.18 0.02
Mud Creek 1000 57200 25 YR 37724.00 238.64 254.09 254.09 0.000004 0.45 96425.20 7565.75 0.02
Mud Creek 1000 57200 50 YR 44687.00 238.64 255.24 255.24 0.000004 0.49 105176.80 7640.57 0.02
Mud Creek 1000 57200 100 YR 51392.00 238.64 256.27 256.27 0.000005 0.53 113076.10 7707.48 0.02
Mud Creek 1000 55600 2YR 13992.00 238.10 248.75 248.75 0.000005 0.41 36047.62 4100.10 0.02
Mud Creek 1000 55600 5YR 23373.00 238.10 251.32 251.32 0.000006 0.54 46782.66 4210.56 0.03
Mud Creek 1000 55600 10 YR 30349.00 238.10 252.75 252.75 0.000007 0.62 52789.63 4221.96 0.03
Mud Creek 1000 55600 25 YR 37724.00 238.10 254.08 254.08 0.000007 0.70 58411.66 4232.60 0.03
Mud Creek 1000 55600 50 YR 44687.00 238.10 255.22 255.23 0.000008 0.77 63281.56 4241.80 0.03
Mud Creek 1000 55600 100 YR 51392.00 238.10 256.25 256.26 0.000009 0.83 67645.45 4250.02 0.04
Mud Creek 1000 53900 2YR 13992.00 237.53 248.75 248.75 0.000002 0.26 56735.06 6174.78 0.01
Mud Creek 1000 53900 5YR 23373.00 237.53 251.32 251.32 0.000002 0.34 72865.14 6339.49 0.02
Mud Creek 1000 53900 10 YR 30349.00 237.53 252.74 252.74 0.000003 0.40 81925.31 6382.23 0.02
Mud Creek 1000 53900 25YR 37724.00 237.53 254.07 254.07 0.000003 0.45 90438.26 6422.12 0.02
Mud Creek 1000 53900 50 YR 44687.00 237.53 255.22 255.22 0.000003 0.49 97838.37 6456.59 0.02
Mud Creek 1000 53900 100 YR 51392.00 237.53 256.25 256.25 0.000003 0.53 104489.80 6487.42 0.02
Mud Creek 1000 52600 2YR 13992.00 237.09 2