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Implications for Channel Morphology
PREPARED FOR:

Lower Colorado River Authority

PREPARED BY:

CH2M HILL

COPY TO:

File

DATE:

April 24, 2014

PROJECT NUMBER:

491361

Purpose

This technical memorandum (TM) characterizes the geomorphic effects of return flows from the proposed
off‐channel Lower Basin Reservoir (LBR) that will be constructed and operated as the key component of the
Lower Basin Reservoir Project (project). Specifically, this TM describes the larger geomorphic context of the
project location, proposed return flow regime, and qualitative comparison of pre‐ and post‐project
conditions to estimate the change in sediment transport as a result of proposed return flows.

Overview of Study Area

The reach of interest extends from the existing horizontal pump station associated with the Lane City canal
diversion (also known as Gulf Coast Irrigation Division Pumping Plant No. 2) to approximately the Wharton /
Matagorda County line. Sediment transport assessment does not explicitly extend to the mouth of the lower
Colorado River, but results of the analysis are used to implicitly assess downstream sediment transport
impacts. Diversions from the river into the LBR are planned to occur at the existing river intakes at Pumping
Plant No. 2 located approximately 850 and 950 feet upstream of the existing Lane City Dam (LCD) structure,
a low head dam on the Colorado River. The river return outfall from the LBR to the river will be located
downstream of the existing intakes, approximately 750 feet upstream of the LCD. Figure 1 provides the
layout of the proposed facilities in relation to the lower Colorado River and LCD.

Geomorphic Context

The geomorphic context of the project area is summarized in the following sections.

History of Facilities on the River

The Lane City canal has been in use since the early 1900s to deliver Colorado River water to irrigate fields on
the east side of the river. The existing Gulf Coast Irrigation Division Pumping Plant No. 2 includes five pumps
to pull water from the river to feed the canal. The three existing horizontal pumps and intakes were
constructed around 1948. The two vertical turbine pumps were installed in 1967 and 1976, respectively. The
total combined permitted capacity of Pumping Plant No. 2 is 561 cubic feet per second (cfs).
Lane City Dam was constructed in 1984 approximately 850 feet downstream of the vertical turbine pumps.
The LCD consists of a two‐stage concrete weir mounted on a steel sheet pile cutoff wall with a concrete
stilling basin structure adjacent to the lower portion of the weir. The LCD’s abutments are steel sheet pile
structures embedded in the river bank. A 25‐foot‐long by 8‐foot‐high bascule gate is incorporated into the
lower weir to allow release of the pool created when the gate is in its raised position.
Upstream of Austin, the Highland Lakes can store over 2 million acre‐feet of water. Mansfield Dam, that
forms Lake Travis, was completed in 1941 and is the only flood storage in the basin.
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Historical River Conditions

The project is situated in a reach of the lower
Colorado River considered to represent a relatively
recent incision into the Beaumont Clay, a deltaic
nonmarine deposit containing thick interbedded
layers of clay, fine sand, and silt (Terracon, 2012).
Blum and Aslan (2006) concluded that the river
abandoned its late Pleistocene and Holocene incised
valley (“avulsed”) about 200 to 300 years ago just
downstream of Wharton, Texas, and reoccupied a
paleochannel that was active during the last glacial
cycle. The departure from the older river channel is
visible on the Seguin Sheet of the 1:250,000 Geologic
Map of Texas, provided as Figure 2. The lower
Colorado River in the vicinity of the project reach,
LCD, and river intakes are located within the
reoccupied paleochannel.
Blum and Aslan (2006) evaluated the historic causes
of channel avulsion in the Texas Gulf coastal plain.
They concluded that the historic avulsion in the
lower Colorado River was driven by a high supply of
sediment from upstream along with rising sea levels.
The space available for deposition in the coastal
plain is filled with sediments from upstream and has
led to repeated episodes of large‐scale channel
shifting and thick successions of massive flood‐basin
muds encasing crevasse splay sands. This history and
configuration of fluvial deposits along the river has
created riverbanks that are relatively high – and
composed of fine substrate prone to bank collapse
via slumping, due to repeated wetting and drying
cycles.

FIGURE 2
View of Channel Deposits and Avulsion Pathways in the
Lower Colorado River Valley
Source: Blum and Aslan, 2006

Aerial Image Interpretation (1930 to 2010)
A series of aerial images provided as Attachment A were reviewed for changes in channel planform
(alignment) over time, with the oldest aerial image dating to September 30, 1930. The images were not
digitally rectified, but the photos were aligned using common observable features to allow some large‐scale
observations of channel geomorphic change. Also, interpretation of channel position on the order of
100 feet or less is difficult given the scale of the images, different flow magnitude, and changes in foliage, as
well as sun orientation and shadows.
Despite these challenges, patterns appear. For example, as shown in Figure 3, which compares 1930 and
2010 aerial imagery, the channel trended toward a down‐valley meander shift, both translational and
rotational, in the large bend located approximately 1 mile downstream of the LCD. Also evident in Figure 3 is
the extension of the first meander bend downstream of the LCD. The extension is less pronounced than the
shift observed in the larger downstream bend, but it is evident. The underlying cause of meander migration
in these photographs is likely the same as what causes avulsions at the geologic timescale—the high supply
of sediment of the Colorado River and its geologic setting in a lowland coastal plain. The resulting lack of
accommodation space leads to sediment deposition and the subsequent rapid growth of point bars diverts
flow against the opposite bank. The process of bar growth and flow deflection drove the historical rapid
evolution of channel meanders.
WBG041814112834BOI
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Figure 3.
in 2010.

Historical aerial image of the Colorado River in 1930, before upstream flow control, and the same river reach
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The second oldest available image is from 1956 (Figure 4). Comparison of the 1956 to 2010 photos suggests
that little meander growth and channel shift has occurred between the two periods; therefore, most of the
meander growth and shift observed in Figure 3 coincides with the period before the Highland Lakes’ large
dams were constructed upstream during the 1940s and 1950s. After construction of the upstream dams,
which curtailed the frequency and magnitude of downstream flooding, changes in channel pattern through
the reach appear to be much smaller and slower. This is not surprising given the reduction in peak flows
attributable to upstream dams. Some change in the overall sediment regime is also expected, but the effect
of sediment regime change is often more complex. For instance, upstream capture of sediment may induce
clear water scour in the system downstream, but the reduction in peak flows may result in dampening the
overall transport capacity, especially with increasing distance from the Highland Lakes. Most likely, the
construction of the dams reduced the sediment supply, partially eliminating the main driver for meander
migration (i.e., a high supply of sediment, which induced sediment deposition, point bar growth, and flow
deflection that caused meander migration).
Locally, the meander at the Lane City canal pump intakes began to migrate downstream in the mid‐1990s,
when the channel thalweg (dominant flow path) shifted southwest toward the center of the channel and
caused the accretion of a sandbar on the outer channel bend that left the pump intakes buried. This can be
seen in Attachment A, Figure A‐10. The Lower Colorado River Authority (LCRA) responded by initially cutting
a backchannel through the sand to reconnect the pump intakes to the channel, and subsequently by
installing palisades on the west bank upstream of the pump intake to accumulate sediment and debris, and
force the channel thalweg to the east bank at the pump intakes. These palisades were successful and have
led to the formation of large debris islands that maintain the current, hardened channel form near the pump
intakes.
Overall, the river system continues to adjust to changes in flow and sediment conditions, but the rate of
meander migration and translation appear to have decreased markedly since upstream dams were built and
local channel hardening has occurred.

Current Conditions

In the vicinity of the project, the Colorado River is currently a meandering alluvial, sand‐dominated channel
with point bars primarily on the inner banks of meanders. The substrate is dominated by sand, but small
gravel is present on the surface of the bar along the west bank of the river just downstream of the pool
below the LCD. Where the banks have not been overly steepened or artificially armored near the LCD, they
are generally well vegetated with a variety of grass, vine, shrub, and tree species.
The local river reach spanning approximately 5 river miles upstream and 5 river miles downstream of the
project has a sinuosity of 1.3 (sinuosity is defined as the ratio of channel length to the straight‐line valley
length). Although the LCD is located just past the apex of a meander bend, the channel sinuosity of the
upstream 5‐mile reach is quite straight with a sinuosity of only 1.1. Downstream of the LCD, the channel
pattern is more sinuous, approximately 1.4 over the downstream 5‐river miles. As a result, the approaching
or upstream river slope would be expected to be steeper and, therefore, subject to greater velocity and
scour potential than the more sinuous downstream reach. This inference is confirmed by recent hydraulic
modeling completed by CH2M HILL that yielded increased flow velocities upstream of the LCD in comparison
to flow velocities in the downstream reach (CH2M HILL, 2013b). This condition may suggest that the
downstream reach, and the area immediately upstream of the LCD when the bascule gate is up, is
depositional as energy decreases from the upstream reach.

WBG041814112834BOI
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Figure 4.

Historical aerial image of the Colorado River in 1956, and the same river reach in 2010.
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Locally, the presence of the LCD impacts sediment transport when the bascule gate is raised. Raising the
bascule gate increases upstream flow depths, decreases upstream shear stress, and leads to deposition of
sediments in the pumping pool upstream of the LCD. However, the ability to lower the bascule gate to the
elevation of the stilling basin provides periodic flushing of sediment accumulated in the pumping pool
upstream of the LCD. In the absence of such flushing, the upstream channel would likely cause sediment
deposition at the pump intakes, lost pumping pool capacity and bank instability in the river approach
channel to the dam. Operation of the LCD may cause upstream bank failure due to slumping caused by
saturation and subsequent drawdown of the pumping pool (i.e., fluctuating water levels) regulated by the
LCD. This project will not necessitate changes in the operation of the LCD; therefore, no change is expected
in geomorphic processes from what has been occurring the past several decades since the construction of
the LCD.
Immediately downstream of the LCD, the channel bed has scoured, likely due to hydraulic waves and
rollers/vortices rolling off the stilling apron, concentration of flow when the gate is open, constriction of the
channel by hardened structures and riprap upstream and downstream, and non‐uniform hydraulic
conditions at the downstream channel, slopes, and banks. The resulting flow concentration and induced
turbulence tends to destabilize or scour the sandy riverbed and bank toes both upstream and downstream
of the LCD. Palisades have been installed near the LCD over the last two decades, both upstream and
downstream, to reduce near‐bank velocity and shear stress.
As part of the overall project, measures will be constructed to dissipate energy and protect the riverbed and
banks from erosion at the river outfall. Local scour potential due to return flows is expected to be managed,
and the future (post‐project) supply of sediment from these localized areas is not expected to change
compared to current (pre‐project) conditions.

BIO-WEST (2005, 2006) Sediment Transport Studies

Although previous studies conducted by BIO‐WEST were focused upstream of the project area, BIO‐WEST,
Inc. (BIO‐WEST) described long‐term sediment transport characteristics of the lower Colorado River in two
reports (Bio‐West; 2005, 2006). The reports contain the most current, detailed sediment transport studies
for the lower Colorado River and are briefly summarized here for general reference. For the geomorphic and
sediment transport studies, the lower Colorado River was divided into four geomorphically similar reaches
below Longhorn Dam in Austin (BIO‐WEST, 2005):


The first (most upstream) reach is a dominantly coarse‐bedded and dam‐influenced reach immediately
below Longhorn Dam.



The second reach is a gravel and bedrock reach from upstream of Bastrop to downstream of Columbus.



The third reach is defined as a transitional reach from downstream of Columbus to near Garwood.



The fourth reach is defined as an alluvial/coastal plain reach below Garwood generally characterized by
tighter and more regular meanders and finer‐grained (sand‐dominated) bed and bank material. The
project and the reach downstream are fully contained within the fourth reach as defined by BIO‐WEST
(2005).

Figure 5 provides an overview map of the BIO‐WEST intensive study areas, which were primarily focused on
assessing aquatic habitat for Blue Sucker. As part of its assessment, BIO‐WEST conducted sediment transport
analyses at two of the intensive study sites, La Grange and Columbus (BIO‐WEST, 2005). The La Grange site
is located within Reach 2, as defined by BIO‐WEST, and approximately 70 miles northwest and upstream of
the project. The Columbus site is located at the boundary between Reaches 2 and 3 approximately 50 miles
northwest and upstream of the project (BIO‐WEST, 2005).

WBG041814112834BOI
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Lane City Dam

FIGURE 5
Intensive Study Sites on the Lower Colorado River
Source: BIO‐WEST, 2005

Since the proposed project is downstream and in a different geomorphic setting than the BIO‐WEST study
sites, parameters such as grain size distribution, hydraulic variables, and sediment transport capacity at the
project would differ from those at the La Grange and Columbus sites. However, the findings made by BIO‐
WEST (2005, 2006) at the La Grange and Columbus sites can be used to qualitatively compare trends and
guide analyses. For instance, dominant discharges for sand‐sized sediments in these reaches are useful to
estimate the dominant discharge at the project. Analyses of sediment transport conditions at, and
downstream of, the project are discussed in the “Sediment Transport Evaluation” section below.

Channel-Forming Flows

Although capacity for sediment transport generally increases with discharge, more frequently recurring
events can potentially transport more sediment over time than infrequent, large floods. Therefore, the flow
that transports the greatest amount of sediment over time is considered the flow of most geomorphic
significance (e.g., Wolman and Miller, 1960; Nash, 1994) and the “channel‐forming” effective discharge. As
reference, the 1‐ or 2‐year recurrence interval flood is frequently considered to coincide with the effective
discharge (BIO‐WEST, 2006). Table 1 summarizes the effective discharge estimates from BIO‐WEST (2006) in
rows 1 to 4, and the recurrence interval discharge estimates and daily average exceedance flows at the
project location in rows 5 to 9. The flow rates in rows 8 and 9, with 50 and 90 percent exceedance, are
comparable to the sand‐sized sediment effective discharges estimated by BIO‐WEST (compare rows 1 and 3
to rows 8 and 9). The gravel‐sized sediment effective discharges are larger, with an approximate recurrence
interval of 2 years or more (compare row 2 to row 5, and row 4 to row 6).
8

WBG041814112834BOI

LOWER BASIN RESERVOIR PROJECT – ASSESSMENT CHARACTERIZATION OF OFF-CHANNEL RESERVOIR RETURN FLOWS IMPACTS INTO THE COLORADO RIVER AND
IMPLICATIONS FOR CHANNEL MORPHOLOGY

TABLE 1
Effective Discharge and Recurrence Interval Flows
Lower Basin Reservoir Project
Location

Discharge Type

Discharge
(cfs)

Reference

Computed Effective Discharges (Dominant Discharge)
1. La Grange

Effective (sand‐sized sediments and
smaller)

1,700

BIO‐WEST

2. La Grange

Effective (gravel‐sized sediments)

28,000

BIO‐WEST

3. Columbus

Effective (sand‐sized sediments and
smaller)

2,000

BIO‐WEST

4. Columbus

Effective (gravel‐sized sediments)

31,500

BIO‐WEST

Estimated Recurrence Interval Discharges
5. La Grange

2‐Year Recurrence Interval Flood

20,600

6. Columbus

2‐Year Recurrence Interval Flood

31,300

7. Project

a

450

CH2M HILL, 2013a

a

1,260

CH2M HILL, 2013a

a

5,360

CH2M HILL, 2013a

90 Percent Exceedance Flow

8. Project

50 Percent Exceedance Flow

9. Project

10 Percent Exceedance Flow

a

Percent exceedance flow values are not annual recurrence interval flows (flood flows). They are exceedance flows based on
the daily average discharges observed at the United States Geological Survey (USGS) Wharton gauge.

The effective discharges provided in Table 1 that are most relevant to the reach surrounding the project are
those that pertain to the transport of sand‐sized sediments. The sediment transporting “effective
discharges” for sand at the upstream La Grange/Columbus sites are in the range of 1,700 cfs to 2,000 cfs,
with respective percent exceedances of approximately 58 and 63 percent. However, differences in channel
morphology, size, contributing drainage area, and slope between the La Grange/Columbus sites and the
project reach preclude the direct application of the La Grange/Columbus effective discharges to the project
reach. At a conceptual level, reduced sediment transport capacity in the project reach, suggested by the
sand‐dominated substrate in contrast to gravelly substrate upstream, suggests that less energy is available
to transport sediment in the project reach. However, a resultant decrease in substrate sediment size will
increase the amount of sediment transported at an equivalent energy [discharge]. Therefore, differences in
channel morphology between the BIO‐WEST study and project reach are reasonably expected to result in an
effective discharge for the project reach that is comparable to, but less than or greater than, that estimated
in the La Grange/Columbus Reach.
The exact difference in “effective discharge” between the project reach and the upstream La
Grange/Columbus sites is not known, but the differences are expected to be much less than an order of
magnitude. To account for this uncertainty, the effective discharge was assumed to occur in the range
between the 50 percent exceedance discharge of 1,260 cfs (comparable to the La Grange/Columbus sites)
and the 90 percent exceedance discharge of 5,360 cfs (providing for the anticipated decreased sediment
transport capacity). Importantly, this range of percent exceedance indicates that estimated channel‐forming
flows downstream of the LCD are fairly frequent, being exceeded between about half and 10 percent of the
time, and much more frequently than once per year (as would be the case for an effective discharge
equivalent to the 1‐ or 2‐ year recurrence interval discharge). Furthermore, this suggests that the lower end

WBG041814112834BOI
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of the effective discharge range potentially would be affected by diversions and releases from the proposed
LBR project.

River Flow Rates With and Without Project

Colorado River hydrology, both with and without the proposed project, was evaluated by LCRA and its
consultant (Hydros). LCRA evaluated with‐ and without‐project hydrology using Riverware, a hydrologic
model that accounts for river flow, diversions, in‐ and off‐channel storage, and storage releases to the river.
Using a 72‐year period of historical flow
measurements to assess long‐term
hydrology, LCRA evaluated the with‐ and
without‐project hydrology of the river at
the LBR intake/outfall based on
discussions between LCRA and CH2M
HILL on the operation criteria for the
proposed project.

Description of Planned Return
Flow Operation
The proposed project would alter the
hydrology of the Colorado River
downstream of the proposed diversion
facilities as flow available to LCRA under
the terms of its existing water right is
diverted from the river, temporarily
stored in the LBR, and released back to
the river when downstream water
demand exceeds the river flow available
for diversion downstream. Figure 6
provides a conceptual illustration of
routed water via the Colorado River,
canals, and pipes. Diversion flow to the
LBR is labeled Q5, and releases back to
FIGURE 6
the Colorado River from the LBR are
Model Schematic for Flows to and from the Lower Colorado River
labeled Q8. Q1 represents flow in the
Colorado River upstream of the proposed project; Q2 represents flow in the 100 feet of the Colorado River
between the existing Lane City canal diversion and LBR release facilities. Q3 combines Q8 and Q2 and
therefore represents downstream flow conditions. Q3, with and without project, was used to assess
incremental downstream geomorphic impacts.
Figure 7 summarizes the monthly LBR return flows to the river. In general, large but less frequent, flow
releases are made during the summer months when irrigation demand is high and river flows are typically
low; small, but frequent, releases are also made during the winter months. The “box” for each month
contains 50 percent of the monthly values, and the “whiskers” show the extent of the farthest data point.
The red diamond is the mean of the data for the month, and the horizontal line within the box is the median
of the data for the month. The percentages shown across the top of the graph are the percent of days
during each month when there is a return flow to the river.

10
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FIGURE 7
Average Monthly Return Flow (Q8) to Lower Colorado River (with project)

Figure 8 is a flow‐duration curve with and without the proposed project for the modeled reach downstream
of the proposed project. Since the LBR can meet a portion of the demands at this location, less water will be
released from LCRA’s primary upstream water supply reservoirs, lakes Buchanan and Travis, if the project is
constructed. With less releases from lakes Buchanan and Travis arriving at this location, along with river
diversions to meet demands and fill the LBR, with‐project flows will generally be lower downstream of the
proposed project. However, there will still be periods when downstream demands exceed river flow
available for downstream diversion, and water from the LBR will be returned to the river, increasing the
river flow rate.

WBG041814112834BOI
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FIGURE 8
Q3 Flow Duration Curve, with and without Project

Flows greater than 3,000 cfs, which are exceeded less than approximately 15 percent of the time, are very
similar when comparing the with‐ and without‐project scenarios. Low flows of less than approximately 500
cfs are similar for both with‐ and without‐project scenarios. The difference occurs when the Colorado River
flows below the diversion range between approximately 500 and 3,000 cfs. The flows without the project
exceed those with the project by 200 cfs or less. As previously indicated, the reduction in downstream flow
rates with LBR releases is due to differences in overall river operations with and without the project.

Percent Change in Flow Regime and Relative Magnitude of Operational Flows versus
“Channel-forming Flows”
For the with‐project scenario, Figure 9 provides a box plot of individual flow releases over the 72‐year
simulation. The “box” for each flow range contains 50 percent of the simulated values, and the “whiskers”
show the extent of the farthest data point. The red diamond is the mean of the data for the flow range, and
the horizontal line within the box is the median of the data for the flow range.1 Figure 9 indicates that flow
releases compose up to 70 percent, but typically less than 20 percent, of the total downstream flow when
total flows are less than 1,000 cfs. At lower percent exceedance flow rates (higher natural river flows), the
LBR discharges represent a steadily smaller fraction of the total river flow. In the effective discharge range
for sand‐sized sediments (roughly 2,000 to 5,000 cfs; see above), LBR releases represent less than 20
percent of the total flow, with most discharges representing less than 2 percent (tight box along the bottom
of Figure 9). Therefore, during flow releases that have the greatest long‐term potential to transport large
quantities of sediment, the flow contribution from the LBR becomes small, diminishing as total flow rates
increase. Within the with‐project scenario, LBR releases are expected to increase downstream sediment
transport capacity, but only marginally; compared to the without‐project scenario.

1 A value of 50 percent would correspond to flow releases being equal in magnitude to upstream Colorado River flow such that when combined,
both contributions account for half of the total flow.
12
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Return flows make up less
than 2‐percent of total
downstream flow for
majority of flows greater
than 1,000 cfs

FIGURE 9
Return Flow Contribution to Lower Colorado Flow below Outfall (with project)

Sediment Transport Evaluation
Approach
As illustrated in Figure 9, LBR releases comprise a large portion of relatively small flows; however, for flows
closer in magnitude to the estimated effective discharge (roughly 2,000 cfs to 5,000 cfs), flow releases
comprise just over 20 percent of the total flow, and typically less than 2 percent. While comparison of flow
magnitudes is one approach to evaluate contribution to potential sediment movement, another evaluation
of the potential changes in sediment transport capacity incorporates the entire period of record and full
project operation (i.e., accounting for flow diversions also), as described in this section.
Simplified sediment transport analyses were conducted to evaluate the magnitude of the potential change
in transport of sand‐sized sediments due to the operation of the proposed LBR. Two methods were used to
estimate sediment transport. The first method used was the Ackers and White (1973, as presented in Yang,
1996) total load transport equation, and the second method was application of a sand transport rating curve
based on United States Geological Survey (USGS) measurements. Selection of the Ackers and White
equation is consistent with the BIO‐WEST studies and is appropriate for rivers where the bed substrate is
predominantly sand. Grain size distributions measured in three sediment grab samples obtained upstream
of the LCD on June 5 and 6, 2013, were used to estimate dominant grain size for use in the Ackers and White
calculation. The average D50 for the three samples is approximately 0.44 millimeters (mm) (i.e., medium
sand).
Hydraulic parameters such as flow depth, channel slope, and velocity were obtained from current HEC‐RAS
models for the lower Colorado River (CH2M HILL, 2013b). Model cross section 245242.5 (less than 8 miles
downstream of the LBR river outfall) was used to represent the below diversion (Q3) location. Even though
the outfall location is planned to be upstream of the LCD, a cross section below the dam was deemed to be
appropriate as this would better represent potential changes through the reach from the LCD to the mouth
of the Colorado River due to return flows.
WBG041814112834BOI
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The second method was to apply a sand transport rating curve, based on local sediment transport data, to
predict concentration and flux of sand based solely on discharge. The sand rating curve was developed
based on observed flow and sediment concentration at the Wharton USGS gauge (Station No. 08162000).
Many of the suspended sediment samples also were sieved at 63 microns to separate the sand fraction from
the fine‐grained (silt and clay, washload) component. Because the interest in this evaluation is the sandy bed
material, a rating curve was developed specifically for sand. The data and rating curve regression are shown
in Figure 10.
Equation 1 was used along with the history of discharge (Q) to estimate the sand flux downstream of the
outfall, both with and without the project.
0.0009

14

.

(1)
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Sand Conc = 0.0009 Q1.2626
R2 = 0.4316

Figure 10. Bulk, Fines, and Sand Suspended Sediment Rating Curves Developed from Wharton USGS Gauge
(Station No. 08162000) Data
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Results
Table 2 provides the annual predicted sediment flux using the Ackers and White method, as well as the sand
rating curve for the period from 1940 through 2012 under with‐project and without‐project scenarios
downstream of the river outfall.
TABLE 2
Annual and Cumulative Sediment Flux Predicted by Ackers‐White Equation and Sand Rating Curve, with and without
project
Q3 Sediment Transport, without project
(Tons)a

Q3 Sediment Transport, with project
(Tons)a

Ackers‐White
Annual
Maximum

1,244,000

1,250,000

65,000

63,000

Minimum

0

0

Average

121,000

119,000

8,836,000

8,690,000

Median

Cumulative Transport (1940 ‐ 2012)

Rating Curve
Annual
Maximum

5,560,000

5,563,000

Median

86,000

99,000

Minimum

1,000

1,000

Average

361,000

373,000

26,377,000

27,237,000

Cumulative Transport (1940 ‐ 2012)
a

The results of the equation in Imperial tons were converted to U.S. tons (rounded to the nearest thousand) for this table.

Average annual sediment flux downstream of the project for the without‐project scenario is predicted to be
approximately 121,000 tons/year by the Ackers and White method and approximately 361,000 tons/year
using the sand rating curve. Average annual sediment flux for the with‐project scenario is predicted to be
approximately 119,000 tons/year by the Ackers and White method downstream of the project, which is a
decrease of approximately 1.7 percent compared to the without‐project scenario. The sand rating curve
method for predicting fluxes predicts an increase in sediment flux of approximately 3.3‐percent compared to
without‐project conditions. Although the two methods predict different magnitudes of sediment flux, the
change in potential sediment transport capacity is within +/‐ 5 percent for each method, which is relatively
small considering that annual sediment transport can vary by several orders of magnitude.
The predicted slight increase in sediment transport using the rating curve method is primarily related to the
LBR releases that occur in the Riverware model during higher flow periods due to various monthly and
annual water delivery requirements. At high flows, the rating curve sediment transport fluxes are greater
than fluxes predicted by the Ackers‐White equation. For this cumulative sediment analysis, these higher
flow periods are characterized by the highest levels of sediment transport; therefore, even very small
incremental increases in flow during these times add to the annual totals. The operation mode may or may
not be similar to this model simulation once the project is operating. If this operation does change to fewer
releases during relatively higher flow periods, then the difference between with‐ and without‐project
16

WBG041814112834BOI

LOWER BASIN RESERVOIR PROJECT – ASSESSMENT CHARACTERIZATION OF OFF-CHANNEL RESERVOIR RETURN FLOWS IMPACTS INTO THE COLORADO RIVER AND
IMPLICATIONS FOR CHANNEL MORPHOLOGY

sediment transports would be reduced and could even change to a slightly lower sediment transport with
the project, as is predicted by the Ackers‐White transport method.
Figure 11 shows the cumulative predicted sediment yield over the 72‐year period of record for the with‐
project and without‐project conditions. Although the magnitude of predicted sediment transport varies
between methods, the relative change in transport between with‐ and without‐ project scenarios is
estimated to be less than +/‐ 5 percent. The relative difference in sediment transport capacity between the
with‐ and without‐project scenarios is also less than the inter‐year variability in capacity of sediment
transport. Therefore the natural variability in sediment transport is expected to outweigh any project‐
related effects of sediment transport.

146,000 tons (1.7 percent)
cumulative difference over
73 years

FIGURE 11
Comparison of With‐ and Without‐Project Downstream Flow and Sediment Transport Capacity

Summary of Assessment

The lower Colorado River was historically characterized by a high sediment transport supply that
contributed to the rapid development of point bars that would induce meandering and large‐scale channel
avulsions across the Texas Gulf coast plain (CH2M HILL, 2013a). The construction of upstream dams in the
1940s and 1950s decreased the rate of downstream channel meandering and provided indirect evidence
that the constructed dams reduced the sediment supply to downstream reaches of the Colorado River
(CH2M HILL, 2013a). Therefore, current conditions of the lower Colorado River are relatively static in
comparison to the river’s dynamic past.
Previous analyses of sediment transport in the lower Colorado River identified frequent discharges, on the
order of the 50 to 60 percent exceedance flow, as the discharge that conveys the greatest amount of sand‐
sized sediments over time (BIO‐WEST, 2005). Phrased another way, flow in the Colorado River is sufficient to
mobilize the sand bed of the project reach approximately half of the time.
Therefore, a sediment transport analysis was applied to assess to the potential downstream impacts to
sediment transport capacity for the project as a whole. The Ackers‐White total sediment transport equation
WBG041814112834BOI
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and sediment rating curves developed from USGS measurements were used in conjunction with HEC‐RAS
modeling results (CH2M HILL, 2013b) to estimate downstream sediment transport capacity.
Analysis of the with‐ and without‐project scenarios suggests that the proposed project would be expected to
decrease sediment transport capacity approximately 1.7 percent compared to the without‐project scenario
using the Ackers‐White transport equation. With‐project sediment transport capacity would be expected to
increase approximately 3.3 percent compared to the without‐project scenario using the rating curve
equation. These changes in sediment transport capacity are small in comparison to the natural variability in
sediment transport capacity of the lower Colorado River that varies by orders of magnitude between years.
Considering:


the small change in transport capacity relative to natural variability,



reduced channel migration following construction of upstream dams, and



a total change in sediment transport capacity over the 72‐year period of record that is within +/‐ 5
percent of without‐project sediment transport and far less than the sediment transport capacity of
the system during high‐flow years,

the proposed project and associated diversions and releases are not expected to impact the channel
morphology of downstream reaches.
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Attachment A
Historical Geomorphic Photos

ATTACHMENT A—HISTORICAL GEOMORPHIC PHOTOS

FIGURE A‐1
Historical aerial image of the Colorado River in 1930, before upstream flow control, and the same river reach in 2010.
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FIGURE A‐2
Historical aerial image of the Colorado River in 1956, and the same river reach in 2010.
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FIGURE A‐3
Historical aerial image of the Colorado River in 1962, and the same river reach in 2010.
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FIGURE A‐4
Historical aerial image of the Colorado River at the future Lane City Dam site in 1962, and the same river reach in 2010.
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FIGURE A‐5
Historical aerial image of the Colorado River in 1972, and the same river reach in 2010.
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FIGURE A‐6
Historical aerial image of the Colorado River at the future Lane City Dam site in 1972, and the same river reach in 2010.
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FIGURE A‐7
Historical aerial image of the Colorado River in 1976, and the same river reach in 2010.
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FIGURE A‐8
Historical aerial image of the Colorado River in 1989, and the same river reach in 2010.
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FIGURE A‐9
Historical aerial image of the Colorado River at the Lane City Dam site in 1989, and the same site in 2010.
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FIGURE A‐10
Historical aerial image of the Colorado River in 1996, and the same river reach in 2010.
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FIGURE A‐11
Historical aerial image of the Colorado River in 2004, and the same river reach in 2010.
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