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1. PURPOSE

Per the protocol, the purpose of geomorphology monitoring is to document trends in channel
geomorphology parameters in the full program reach of interest during the thirteen-year First
Increment (2007-2019) of the Platte River Recovery Implementation Program (Program).
Monitoring includes documenting channel shape (including width), channel plan form,
channel degradation or aggradation, grain sizes, and sediment loads.

The purpose of the in-channel vegetation survey is to provide system-wide status information
on trends in extent and elevation range of vegetation species of interest. This information is
designed for use in the annual and long-term planning for implementation of the Program's
Adaptive Management Plan (AMP) and use of water in the Environmental Account (EA).
Specifically this information will be used to evaluate the extent of existing native and non-
native invasive species infestations, to provide information in evaluating the effects of
program activities, and to serve as a mechanism for identification of new invasive species
populations before infestations become widespread.

Several priority hypotheses identified in the AMP are directly linked to river morphology and
are also influenced by in-channel vegetation. Data collected through this monitoring protocol
will be utilized to determine effects and relationships that relate back to these priority
hypotheses, the two management strategies identified in the AMP, and overall AMP
implementation. Several priority hypotheses related to system form and function, physical
processes, and habitat features for least tern, piping plover, whooping crane, and pallid
sturgeon, (AMP, Table 2) are linked to aspects of geomorphology.
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2. BACKGROUND

Much of the following section is taken from the monitoring protocol document and is
replicated here to provide background for this report.

2.1 Area of Interest

The area of interest for geomorphology and vegetation monitoring consists of channels within
an area of approximately 0.5-mile on either side of the centerline of the Platte River,
beginning at the junction of U.S. Highway 283 and Interstate 80 near Lexington, Nebraska,
and extending eastward to Chapman, Nebraska (approximately 100 miles). Figure 2.1
shows the project reach and relevant geographic features. Certain areas within this stretch
of the central Platte will be prioritized for monitoring based on key priority hypotheses,
ecological need, and Program actions undertaken during the First Increment.

2.2 Channel Geomorphology Monitoring

Program geomorphology monitoring is designed to document trends in channel morphology
within the entire study area throughout the First Increment. In addition, the data will provide
information on trends at specific sites or groups of sites within the entire study area.
Monitoring is focused on measuring and tracking changes in river planform, river cross-
section geometry (including bed elevation and channel width), longitudinal bed profile,
streamflow, sediment loads, and grain size distribution. The monitoring data is collected
through aerial photographs, airborne terrestrial LIDAR, topographic ground surveys, bed
material sampling, ground photography, flow measurements at gaging stations, and
sediment transport measurements. The overall strategy is focused on a randomized
scheme, but there is some sampling stratification (e.g., grain size) to reduce variability and
improve future comparisons.

2.3 Anchor Points

A systematic sample of points along the river are "anchors" for data collection. These anchor
points are systematically placed along the centerline of the main channel of the river. The
anchor points are spaced at approximately 4,000 meter (2.5 mile) intervals along the
centerline, and each point has been labeled with a UTM (Universal Transverse Mercator
coordinate system) location and a U.S. Army Corps of Engineers (USACE) river mile (using
USACE river mile shape file obtained from the Bureau of Reclamation). The anchor points
are listed by river mile in Table 2.1. The locations of anchor points can vary up to 800
meters (0.5 mile) from the 4,000 meter spacing to accommodate previously established
cross sections within the historical database, and to accommodate some land access issues.
Three cross sections at an anchor point entail the basic sampling unit for geomorphology
data collection and analyses. The anchor point cross sections extend laterally across the
historic flood plain and incorporate the current main channel as well as all primary split flow
channels (i.e., those channels separated from the main channel by islands). Although the
north channel (Reach 1) and south channel (Reach 2) of Jeffrey Island share the same
anchor points, these two channels are treated as separate reaches of river for monitoring,
measuring, and analysis. Those anchor points surveyed in Year 3 are highlighted in yellow
in Table 2.1
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Figure 2.1. Location map showing the project reach for the Channel Geomorphology and In-Channel Vegetation Monitoring. Bedload and suspended sediment sampling bridge sites are shown as red circles.
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Table 2.1. Anchor Point Locations Identified in the Monitoring Protocol.

Anchor Systematic Point o Recommended Pure (P)
Point at 400.0 m (2.5 Closest EX|s_t|ng Anchor Point or. Location
No. _mlles)_ Cross Section (River Mile) Rotating
(River Mile) (R) Panel
40 254 254.4 254.4 R1 Lexington
39 251.5 Bridge 250.5 250.8 P Lexington bridge (Hwy 283)
38 249 249.5 249.0 R2
37 246.5 246.5N & 246.0 S 2465N &S P J2 Return - Jeffrey Island
36 244 2440N &S 2440N &S R3
35 2415 2415N&S P
34 239 239.1 239.1 R4 d/s Overton bridge (Rd. 444)
33 236.5 237.3 236.4 P Cottonwood Ranch transects
32 234 233.9 234.1 Main, N, S R1
31 2315 231.5 231.5 P u/s Elm Creek bridge (Hwy 183)
30 229 228.6 228.6 R2 d/s Kearney Diversion
29 226.5 226.4 226.4 P
28 224 Bridge 224.3 224.3 R3 Odessa Rd. Bridge
27 2215 222.0 221.9 P
26 219 219.8 219.0 R4
25 216.5 216.5 P
24 214 214.0 R1 d/s Kearney bridge (Hwy 44)
23 211.5 210.6 211.5 Main & N1,N2 P
22 209 208.4 208.4 Main & N1 R2 u/s 32 Rd. bridge (Hwy 10)
21 206.5 206.7 (no N) 206.7 Main & N1 P
20 204 203.3 N&S 204.0 Main & N1 R3
19 201.5 201.1 N maybe S 201.1 Main & N1 P d/s Lowell Rd. bridge (Hwy 10C)
18 199 199.5 199.5 R4
17 196.5 196.4 196.4 P u/s Shelton Rd. bridge (Hwy 10D)
16 194 193.9 193.8 R1
15 191.5 190.9 190.7 P
14 189 189.3 187.7 R2
13 186.5 187.0 186.7 Main & N1 P d/s S. Nebraska Hwy 11 bridge
12 184 183.1 184.0 Main & N1 R3
11 181.5 181.8 S 181.8 Main & N1 P d/s S. Alda Rd. bridge
10 179 178.38 & 178.4M &N | 179.0 Main & N1,N2,N3 R4
9 176.5 177.1 176.5 Main & N1,N2,N3 P u/s SR 34/281 bridge (Doniphan)
8 174 174.6 174 Main & N1,N2,N3 R1 Grand Island
7 171.5 1721 S&SM &N & NM | 171.5 Main & N1,N2,N3 P d/s 1-80 bridge
6 169 168.7N &S 169.1 Main & N1 R2
5 166.5 166.9 166.9 P d/s SR 34/Hwy 2 bridge
4 164 164.6 164.0 R3
3 161.5 162.1 161.8 P Phillips
2 159 158.7 158.7 R4
156.5 157.3 156.6 P d/s Bader Park Rd. br (Chapman)

New survey at systematic point

Use existing site (Holburn et al. 2008)

Use existing site if new transect can be aligned to match existing site using metal pins or coordinates
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2.4 Pure and Rotating Panels

The anchor points sampled each year under this protocol are components of a “pure panel”
subset and a “rotating panel” subset. A panel is made up of a group of sampling sites that
are always visited at the same time. The pure panel consists of a group of sites that are
visited annually. The rotating panel consists of four groups of sites, with only one group
visited annually and each group revisited once every four years.

There are 25 sample sites that will be surveyed each year - 20 pure panel anchor points (3
geomorphology transects per anchor point) and 5 rotating panel anchor points (3
geomorphology transects per anchor point). The sample sites in the pure panel are to be
surveyed each year while the sample sites in the rotating panel are to be surveyed every four
years (rotating between R1-R4 sites as denoted in Table 2.1). Each site in the rotating panel
series are to be surveyed three times in the First Increment. To date, we have completed the
three surveys of all of the pure panel anchor points and the first (R1), second (R2), and third
(R3) set of rotating panel anchor points.

2.5 In-Channel Vegetation Monitoring

The program-level vegetation survey is designed to document the areal extent of species of
interest within the Vegetation Survey Zone (as defined in the protocol) between the historic
high banks. The program-wide anchor points are used to identify data collection locations
that are consistent from year to year, and that are representative of the entire study area.
The vegetation survey utilizes the topography survey conducted as part of the annual
geomorphology monitoring. Since the objective of this monitoring is to identify trends in
extent and elevation for plants, and in particular for species of interest, the in-channel
vegetation monitoring survey is conducted at the same pure panel and rotating panel anchor
points as the geomorphology survey.

One fixed width (belt) transect is used to estimate the area of the channel that is monitored
for vegetation of interest at each anchor point. The belt transect is centered on an anchor
point and is generally oriented perpendicular to flow. The length of each belt transect is the
length of the Vegetation Survey Zone (VSZ) within the historic high banks. The width of each
belt transect is approximately 300 meters (1,000 feet), extending for approximately 150
meters (500 feet) upstream and downstream of the anchor point. Within the belt transect,
seven linear vegetation transects spaced approximately 50 meters (165 feet) apart were
established roughly perpendicular to flow and generally parallel to or at the same locations
as the geomorphology transects. Three of the vegetation transects are at the same locations
as the three geomorphology transects.

On each of the seven linear transects, sample points were assessed for species composition
and percent cover, and elevation. Sample points were spaced on each linear transect at
approximately 10-meter (33-foot) intervals within the VSZ. As recommended in the Year 1
proposed protocol revisions, this sampling interval was modified from a 15-meter interval
used during the first year to determine if closer spaced data points would provide a more
accurate representation of the vegetation within each belt transect. The 10-meter interval
approach was used during the second and third year monitoring.

Current vegetation species of interest include woody vegetation less than 1.5 meters tall,

including willows (primarily Salix exigua and S. amygdaloides), cottonwood (Populus
deltoides), false indigo (Amorpha fruticosa), saltcedar (Tamarix ramosissima - all heights),
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and Russian olive (Elaeagnus angustifolia), as well as several herbaceous species including
purple loosestrife (Lythrum salicaria), common reed (Phragmites australis), river bulrush
(Bolboschoenus fluviatilis), and cattails (Typha angustifolia and T. latifolia). In addition, it was
recommended based on previous observations that reed canarygrass (Phalaris arundinacea)
be included in 2011. The monitoring identifies all vegetation, including the above species of
interest, at all sample points located within the VSZ.

2.6 Airborne Mapping of Topography (LiDAR)

Vegetation on the floodplain and on islands within the outer historic banks makes ground
surveys laborious and costly outside the active channel or mechanically modified areas.
Therefore, topographic information in the form of contour base mapping has been developed
from airborne terrestrial LIDAR. Originally, airborne terrestrial LIDAR flights for mapping
were to be flown at the beginning (baseline conditions) and end of the First Increment;
however, the Program has changed these requirements and LiDAR is to be flow in the fall
each year in conjunction with CIR photography. Mapping with a plus or minus 6-inch vertical
accuracy and one-foot contours (vertical accuracy) covering the area between the historic
outer banks (approximately one mile in width) will provide baseline topographic information
from Lexington to Chapman for monitoring channel changes. Although we received the 2010
LIDAR, it is less dense and in a raster format and does not extend far enough out laterally on
some of the transects. Therefore, the LIDAR mapping that was used for the 2011 monitoring
effort is from 20009.

The LIDAR mapping provides data for: planform mapping; topography for extending
transects to cross sections; basic input to 1-D and 2-D flow, sediment, and vegetation
modeling; and data for base mapping for designing sediment and planform (flow
consolidation and other mechanical actions) management actions. Topographic information
within the active channel has been obtained from the GPS ground surveys of the anchor
point channel geomorphology transects, which will be extended to the full width of the
floodplain (i.e., cross sections) and to the outer historic banks through the use of the LIiDAR

topography.
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3. CHANNEL GEOMORPHOLOGY AND IN-CHANNEL
VEGETATION TRANSECT SURVEYS

Surveys of the channel geomorphology and in-channel vegetation transects were conducted
per Section II.B of the monitoring protocol. Sample sites were surveyed according to the
schedule for pure and rotating panels. The locations of established control points and
permanent benchmarks were identified prior to conducting the Year 1 (2009) surveys and
were re-used for this year's monitoring. Where control points or benchmarks had been
destroyed, damaged, or displaced, those points were reestablished. In areas where there
was insufficient survey control, new control points or permanent benchmarks were
established for use in conducting the transect surveys. All new or reestablished benchmarks
and control points were established and monumented using standard survey techniques and
criteria and as defined in the monitoring protocol.

3.1 Survey Control

The horizontal reference datum for all surveys is the North American Datum of 1983
(NAD83) and the vertical reference datum is the North American Vertical Datum of 1988
(NAVD88). Primary control was set for the project reach at roughly 12 mile intervals. Each
control point was measured with GPS static observations for approximately 4 hours. Raw
observations for each were sent to National Geodetic Survey (NGS) Online Positioning User
Service (OPUS). OPUS horizontal and vertical coordinates in NAD83 Geographic and
NADB83 State Plane Nebraska systems were used to correct values for each monument.
Secondary control was also set last year (2009) for the project reach in between the primary
control point locations. These monuments were measured with RTK GPS from each
adjacent primary control point and then the coordinates were derived from the mean of those
two measurements. This control survey was deemed necessary in order to complete both
the longitudinal profile (conducted in 2009) as well as the transect surveys in a high quality
and timely manner.

3.2 Landowner Contact

A protocol for obtaining landowner permission was established by Program and
Ayres/Olsson staff before conducting the field survey work in Year 1 (2009). Program staff
made the initial contact with the landowners and obtained written permission forms allowing
access to their properties. Program staff also created a geodatabase that included
landowner contact information for each anchor point. The signed permission forms and the
geodatabase were provided to Ayres/Olsson staff prior to the start of field work. During our
three years of monitoring work, a binder with copies of the landowner permission forms was
kept with the field crew in case questions or disputes arose while in the field.

The landowner permission forms indicate that a phone call will be made to the landowner
before Program or contractor staff entering the property. During the project kickoff meeting in
2009, it was determined that the contractor would be responsible for making the phone calls
to landowners before conducting any monitoring work on their properties. Ayres/Olsson
staff's protocol has been to make calls to landowners immediately before the start of the
overall fieldwork as well as a courtesy call at least one day before entering their property. In
cases where a phone message was left with a landowner/representative, a contact phone
number for a member of the field crew (typically Dani McNeil of Olsson) was given and the
landowner/representative was asked to return the call if they had any questions or concerns.
In addition, significant coordination will be conducted between Ayres/Olsson and Program
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staff during the fieldwork to ensure proper property access protocols were followed, to
update any landowner requirements, and to report any difficulties with landowners or access.

We did have one landowner dispute during this year's monitoring. The landowner of the
property on the south side of AP37b, Dr. Joe Jeffrey, was contacted in the last week of
August to inform him that the crew would be working at that anchor point in the next few
days, but permission for access was denied because of an apparent infraction on our part as
perceived by Dr. Jeffrey. We have disputed that there was any infraction on our part and that
the conflict with Dr. Jeffrey is the result of a long standing and ongoing dispute with several
agencies working on the river. Regardless, follow-up contact was conducted by the Program
whereby Mr. Jeffrey rescinded his permission for any further access to his property at
AP37b. Therefore, Anchor Point 37b was not surveyed this year.

3.3 Ground Survey of Channel Geomorphology Transects

The protocol states that the transect surveys are to occur during “an annual low flow [ideally
between 250 and 500 cubic feet per second (cfs)] between July 1 and August 31 to track
changes in measures of channel shape and slope.” However, this year like last year was an
unusual year on the Central Platte River in that daily flows exceeded 4,000 cfs for much of
the summer and have continued at a high rate into the fall. The original survey work, which
was scheduled to start in the second week of July, was postponed for a week because of the
high flows on the river. Figure 3.1 shows the 2009 versus 2011 flow hydrographs for the
summer months including the period over which the survey work was performed. These high
flows made the survey work within the channel sections significantly more difficult and
hazardous for both the survey personnel and equipment.

Central Platte River Summer Flows - 2009 vs. 2011
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Figure 3.1. Summer flow hydrographs for the Central Platte River for 2009 and 2011.
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The ground survey of the channel geomorphology transects were conducted per Section
111.B.2 of the monitoring protocol. Per the protocol, a group of three transects at 150 meter
(500 feet) spacing, with the middle transect centered at the anchor point, were measured at
each anchor point selected for sampling. Each transect represents the surveyed active
channel portion of a cross section at an anchor point. Each cross section extends across all
channels and islands of the Platte River in the 100-year flood plain, or between outer historic
banks. The cross sections are generally oriented perpendicular to average flow direction and
high flow direction in the main channel. The survey was started at the upstream end of the
reach, at Anchor Point 39, and progressed downstream to Anchor Point 1.

3.3.1 Methodology

The ground surveys are used to provide transect data within the active channel (accretion
zone), while LiDAR mapping is used to extend transects across the full width of the flood
plain (i.e., translate transects to full cross sections). Ground-surveyed transects only
extended along the cross sections where the ground has been inundated since the previous
survey and includes areas where the ground has been disturbed by anthropogenic activities
(i.e., areas that have been disked, mowed, or otherwise modified), where natural processes
have created significant topographic changes (i.e., channels and islands where sediment
could have been deposited or eroded), or locations where new dikes or other river training
structures have been placed or removed by landowners (described and recorded in survey
notes). The transect survey includes the channels, banks, and small islands within the
accretion zone, but not the upland portions of the cross section beyond the potential bank
erosion/deposition zone. Because of the presence of multiple active channels separated by
large islands, ground surveys between Kearney and Grand Island were also conducted on
the split flow channels relative to the associated Year 2 anchor points. The surveys included
sets of transect measurements with two marker pins per transect, to record measurements of
all the active channels in a cross section.

The transects were surveyed using a Leica survey-grade global positioning system (GPS)
per the requirements defined in the monitoring protocol. Each transect within each cross
section is generally oriented perpendicular to the principal flow direction and extends through
all channels at the anchor point. In some instances, dog-legs in the cross section line were
needed to remain perpendicular to flows in major side channels. The location of the cross
section has been delineated on both historic outer banks with a permanent metal marker
(pin) set above the flood elevation and far enough from the active channel to avoid all but the
most severe erosion effects.

The location of cross-section marker pins, their monumentation, and the extent of the survey
beyond the pins was dependent on accessibility and private property requirements and
restrictions. The marker pins are composed of 1/2-inch (#4) rebar, approximately 18-inch
long, driven flush with the ground surface, and topped with an aluminum cap that is stamped
with the anchor point and transect identifier. The geographic coordinates and elevation of
each marker pin was established with vertical and horizontal accuracies of 0.1 feet or less
using standard survey techniques and criteria, and a detailed description of the location of
each pin was documented in the surveyor's notes. Depending on the type, location, and
extent of Program activities and other potential natural or man-made disturbances, marker
pins may be lost, damaged, or displaced over time and will need to be reestablished as
necessary during annual surveys.

The surveyors took GPS readings and appropriately identified the following in the data
recorder:
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Top and toe of bank

Bed or ground elevation

Left and right edge of water of all channels

Main and secondary channel thalwegs

Water surface at exposed bars and islands

Edge of canopy of permanent woody vegetation > 1.5m tall
Edge of vegetation (green line)

Any other significant geomorphic feature along the transect

When surveying topography in vegetated areas, a average and maximum height of
vegetation was recorded with the topography point to compute height of vegetation blocking
observation view. In order to adequately define the channel bed, GPS readings were taken
at significant breaks in slope. If the channel bed or a portion of the channel bed was flat with
no breaks in slope, a GPS survey point was recorded every fifteen meters (50 feet).

3.3.2 Results

The primary control that was set as part of the longitudinal profile survey in 2009 was also
utilized in the survey of the transects. The transect surveys were performed between July 19
and August 4 and between August 16 and August 29, 2011. Two teams, each with an Ayres
survey technician and an Olsson biologist, worked to complete the surveys. Monuments for
the R3 geomorphology transects were set on the historic high bank at or behind the tree line.
Monuments that were disturbed or lost due to erosion or other causes were reestablished.
Vegetation sample point data was collected on a 10 meter interval along each cross section
beginning at the edge of the permanent woody vegetation line for each Year 3 anchor point.
The 10 meter interval was determined using the Leica Line Stakeout program within the
Leica 1200 GPS system to calculate and find the vegetation sample point locations. At each
sample point location, the survey technician collected the location data via RTK GPS and the
biologist performed a visual analysis of all vegetation species within a square meter grid and
documented the results on field data sheets. Topographic data was also collected for the top
and toe of bank, grade breaks, green lines, water's edge, and the channel thalweg.

The transect survey data was downloaded and compiled electronically into spreadsheets.
The actual survey data is differentiated as such in the spreadsheets. The final LIiDAR data
has been merged with the transect survey data to extend each anchor point's cross sections
and is identified in the spreadsheet as LIiDAR data. The 2009 LIiDAR LAS data was clipped
into individual LAS files for each anchor point area using Global Mapper 13. Then, using
Bentley Microstation and InRoads v8i, a LIDAR digital terrain model (DTM) was generated for
each anchor point. The extended transects were then cut from the DTMs and exported to
spreadsheets at a point every 0.25 feet. This section data was thinned horizontally keeping
a point every 50 feet if the vertical difference remained less than 0.5 feet. Vertically, the
points were thinned using a parameter of differences of less than 0.2. This reduced the size
of the transect files by 15% on average for the final transect. The 2011 transect survey data
was stationed in ArcGIS 10 using ETGeowizards and then exported to a spreadsheet where
it was combined with the LIDAR data.

Individual spreadsheets that were initially developed for each anchor point surveyed in 2009
now include the 2009, 2010, and 2011 survey data for each transect and the LIDAR data for
each cross section at that anchor point. The LIDAR and 2009 - 2011 survey points for each
cross section are documented in the spreadsheet by their NAD83 State Plane Nebraska
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easting and northing coordinate pair, elevation, and stationing from the left descending bank
marker pin. The State Plane zone, point identifiers, and comments are also included. Where
the cross section is extended across the floodplain on the left bank, the stationing is
documented as a negative value. Since it is extremely difficult to precisely follow a pre-
defined survey line for each transect, the stationing for each survey point has been defined
by projecting a line perpendicular to the transect line from the surveyed point and where it
intersects the transect line, that is the point at which stationing is calculated based on its
distance from the left bank marker pin. Figure 3.2 shows a typical cross section (Anchor
Point 17, Transect 7) based on 2009, 2010, and 2011 transect survey and LiDAR data.

Anchor Point 17, Transect 7
2025

| —LiDAR
— 2008 Topo
— 2010 Topa

— 2011 Topo

200

Elevation (ft)

2015

2010

0 500 1000 1500 2000 2500 1000
Station

Figure 3.2. View looking downstream of typical cross section (exaggerated scale) compiled
from 2009, 2010, and 2011 transect surveys and 2009 LiDAR data.

A preliminary examination of the 2009 and 2010 survey data reveals that the channel
morphology has changed on many of the transects. Because of the long duration, high flow
this summer as well as last summer, many of the low bars have been rearranged, the
channel has deepened and the thalweg has shifted in places, and in some areas significant
bank retreat has occurred. Without a more detailed analysis, it is unknown if there has been
a significant overall volumetric change in the transect data.

The 2011 ground survey data are provided in Excel files on the DVD that was submitted
separately. The final full cross sections (2011 survey plus 2009 LiDAR data) for all anchor
points are also included for review.

3.4 Ground Survey of In-Channel Vegetation Transects

The vegetation survey for 2011 was conducted between the dates of July 18 and August 28.
During previous monitoring years, Ayers/Olsson staff protocol for surveying was to start the
upstream end of the reach, at Anchor Point 39, and progress downstream to Anchor Point 1.
During the third year monitoring, this approach was also employed when feasible; however,
due to far above average flow levels, some sites were only accessible under certain
conditions which fluctuated on a near-daily basis, and thus the survey staff was required to
make changes in the Anchor Point surveying order when necessary.
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The ground survey of the in-channel vegetation transects were conducted per Section Ill.C of
the monitoring protocol, and as described above in Section 2.5. Three hundred meter wide
belt transects (approximately 150 meters on either side of the anchor point) at each anchor
point in the pure panel as well as that year's rotating panel were visited to document
vegetation within the VSZ.

3.4.1 Methodology

The start and end points of the VSZ(s) for each of the seven linear transects at an anchor
point were determined in the field by analyzing the vegetation and topography at the site. In
general, areas with mature woody vegetation, areas that appeared to have been
mechanically cleared of mature woody vegetation, or areas that appeared to be outside the
active channel were determined to be outside the VSZ and therefore were not surveyed.
Those areas that were determined to be outside the VSZ were commonly referred to in the
field as "vegetation out zones," or simply "out zones."

Often, there was more than one VSZ for each transect, and the start and end locations of
each VSZ were determined in the field as described above. In addition, at several of the
anchor point locations, there were small side channels or sloughs that were not surveyed.
Some of these side channels had minimal or no flow during the survey period, and were
considered outside the main channel and major secondary channels.

The first sample on each linear transect was taken at the start of the first VSZ and additional
samples were taken at regular 10-meter intervals until the end of the VSZ was reached.
Often there was more than one start and stop on a transect, as some areas on a transect did
not meet the VSZ criteria and were determined to be "out zones;" however, at secondary
starts, where the VSZ began again, the sample was taken at the next regular 10-meter
interval (along the transect), rather than at the secondary VSZ start location. Note that this
was a modification of the first year’s protocol, which had sample points at 15-meter intervals
with some additional sample points or shifted points taken in areas where vegetation zones
were not otherwise sampled. In 2010 and 2011, there were no shifts or additional data
points.

A plot canopy coverage method was used to collect vegetation data. At each sample point, a
meter-square quadrat was placed on the ground and all the plant species within the square
meter sample point were identified. Species identification primarily followed the
nomenclature of The Flora of Nebraska (R. B. Kaul, D. Sutherland, and S. Rolfsmeier, 2007).
For species that could not be identified in the field, a sample was collected and appropriately
stored for later identification. A photo was also taken at each sample point to document
species observed within the quadrat. Data collected at each sample point included:

e GPS coordinates of the sample point.

e Elevation of the sample point.

o List of all woody and herbaceous species occurring within the quadrat.

e Percent canopy cover of each species. In 2010 and 2011, Daubenmire cover classes
were used in the field, a change from 2009 when actual percent cover was recorded.
This change was instituted to speed data collection and reduce inconsistencies between
different observers. Note that this did not alter the analysis as the 2009 data was
converted into Daubenmire cover classes before the data was analyzed. Daubenmire
classes are:

o Cover class 1: 1-5%
o Cover class 2: 6-25%
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Cover class 3: 26-50%
Cover class 4: 51-75%
Cover class 5: 76-95%
Cover class 6: 96-100%

O O O0Oo

o Estimate of the average height of the woody vegetation. In 2010 and 2011, height
classes were used, a change from 2009 when average height of a plot was recorded.
Woody height classes, for 2010 included, 1: <59 inches (1.5 meters), and 2: >59 inches
(1.5 meters). In 2011, height classes were modified and include the following:

W1: 0.0 - 0.5 meters
W2: 0.5- 1.0 meters
W3: 1.0 - 1.5 meters
W4: >1.5 meters

O O O ©°

o Estimate of the average height of the herbaceous vegetation. In 2010 and 2011, height
classes were used, also a change from 2009. Herbaceous height classes for 2010 and
2011 included the following:

o H1: <12 inches
o H2: 12-59 inches
o H3: >59 inches

Our recommendation is that for future data collection, the actual average height of the
vegetation be measured, rather than height classes.

In addition to the individual species data, a general categorization of the type of vegetative
community at each sample point was included in the 2010 and 2011 data collection, a
change from the 2009 data collection. Community types were based on the 2009 monitoring
year observations, and classifications referenced from Steven Rolfsmeier and Gerry
Steinauer's Terrestrial Ecological Systems and Natural Communities of Nebraska (Version IV
- March 9, 2010). Vegetative communities were coded as follows:

Sandbar/ Mudflat (M)

Perennial sandbar (S)

Freshwater marsh (F)

Sandbar Willow Shrubland (W)

Riparian Dogwood — False Indigo Shrubland (RD)
Wetted Channel (WC)

The vegetation data listed above along with (in most instances) transect notes and photo
numbers was recorded in the field on a modified Daubenmire form. Data from each transect
was recorded on separate forms. Each sample point was assigned an ID in the field which
was recorded with the survey equipment and included the anchor point, transect, and sample
location number.

The data at each anchor point was collected using two survey teams with each team
consisting of one surveyor and one biologist. In general, one team collected the data on
transects 1, 4, and 7 (geomorphology + vegetation transects) and another team collected the
data on transects 2, 3, 5, and 6 (vegetation only transects). It is important to note that for
areas within the VSZ that lacked vegetation (i.e., an un-vegetated bar or wetted channel) the
location was still recorded as a vegetation sample location. In many cases, these areas
were noted on the modified Daubenmire form, but in some cases the vegetation data was
simply left blank.
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In addition to the vegetation sample points, a data point documenting GPS coordinates and
elevation was taken at:

e Each edge (start and end) of the Vegetation Survey Zone

e "Green line" at the edge of vegetated sand bars and wetted channel. Note that the
“green line” with regard to this protocol is not the same as that used for many riparian
studies, where it represents the location of established perennial vegetation. For this
study, the “green line” represents the point at which vegetative cover is at least 25
percent, regardless of whether the vegetation is annual or perennial. The determination
of green line elevation was modified from 2009 sampling, due to observed different types
of green lines during the first year. In 2010 and 2011, the green line was identified as
either a simple green line at a channel edge, an elevated green line at a cut vertical bank,
or an elevated green line on a high sand bar. A code was added in the data collection to
indicate either a vertical bank (VB) or high bar (HB) green line.

3.4.2 Results

Over 5,600 vegetation sample points were collected during the 2011 monitoring. The
vegetation data collected in the field and recorded on the field data sheets included, among
other things, a list of species present, the percent cover of each species, and the total
number of sample locations per transect.

Analyses Conducted. Section III.C.2 of the protocol specified the basic analyses to be
conducted on the vegetation data, including:

e Frequency of occurrence for each species of interest (defined below) at each belt
transect. This was calculated by dividing the number of sample locations in which a
species of interest was found per belt transect by the total number of sample locations
per belt transect.

e Percent cover for each species of interest at each belt transect. This was calculated by
averaging the percent cover for each species of interest at all sample points per belt
transect.

e Average elevation for each species of interest at each belt transect.

e Weighted average elevation above base flow for each species of interest at each belt
transect.

o Estimate of areal coverage for each species of interest at each belt transect. This was
calculated by multiplying the canopy cover percentage by the estimated size in acres of
the VSZ at each belt transect.

o Vegetation sample location shapefile with an attribute table that includes presence or
absence for each species of interest.

Note that for most analyses, data from all sample points was used. However, for some
comparative analyses (such as change in average elevation of a species at an anchor point
from one year to the next) only pure panel anchor point data was used, as rotating panel
anchor points have been sampled at most once.
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Species of Interest. Data analysis focused on the extent and elevation of species of interest,
which include those species that are currently thought to have the most influence on in-
channel habitat in the central Platte River. Although the species of interest may change over
time, the data collection method was designed to allow for comparison of any species in the
future. For 2011 the species of interest included the following:

e The following woody species less than 1.5 meters high:

Willows (primarily Salix exigua and S. amygdaloides)
Cottonwood (Populus deltoides)

False indigo (Amorpha fruticosa)

Saltcedar (Tamarix ramosissima - all heights)
Russian olive (Elaeagnus angustifolia)

O O O0OO0Oo

e The following herbaceous species:

Purple loosestrife (Lythrum salicaria)
Common reed (Phragmites australis)
Cattails (Typha angustifolia and T. latifolia)
River bulrush (Bolboschoenus fluviatalis)

O O 0O

Frequency of Occurrence and Canopy Cover Analysis

Following the field data collection, the first step to be completed in the data analysis was to
review the field data sheets and vegetation samples collected and identify any unknown
species. At the time of this report, five plant samples were not identified, but they were not
species of interest. We plan to continue to attempt to identify the remaining unknown
species for future reference.

The next step was to compile and enter all field data into a modified Daubenmire summary

Excel spreadsheet for each belt transect. The total number of vegetation sample points for
each belt transect was also compiled and entered into the spreadsheets. For anchor points
that had multiple channels, each of these channels were kept separate.

The modified Daubenmire summary spreadsheets were used to calculate frequency of
occurrence (percent of quadrats in which species was identified), percent cover, and an
acreage estimate for each species of interest at each belt transect. The spreadsheets were
also used to calculate species composition. Although not part of the monitoring protocol,
species composition is useful as it compares the total canopy cover for each species of
interest with the total canopy for all species. Figure 3.3 shows the 2012 Daubenmire
summary spreadsheet for Anchor Point 1.

Figures 3.4 and 3.5 graph the overall frequency of occurrence and percent canopy coverage
for each species of interest for all the data collected in 2011, and compares the 2011 results
to the 2010 and 2009 monitoring analyses.

Figures 3.4 and 3.5 clearly indicate changes in the occurrence and cover for some of the
species of interest between the 2009, 2010, and 2011 monitoring years.

PRRIP Year 3 Final Report 3.9 Ayres Associates



ST9Y
Adoue) |e1o)

sa12ads

06T'T 000°0 ST0'0 0000 0000 SE00 €000 990°0 0zC’0 (VA4 ST0°0 9883y pajewnts3
%SLED %000°0 %86€°0 %000°0 1%000'0 %765 T %86€°0 %06€°T %LBE 'V %V86°€ %86€°0 Aouanbaiy
%STS'ST %0000 %SCE0 %0000 %0000 %8SL°0 %750°0 %807 T %ETL'Y %9.0°0T %SCE0 uonisodwo) sajdads
%T69'V %000°0 %090°0 1%6000°0 %000°0 %6ET'0 %0T0'0 %65C°0 %£98°0 %ES8'T %090°0 J1an0) Adoue) %
ST ST 1514 1514 15T TS TS ST ST TSC 1S¢ sa|dwes Jo JaquinN
SLLTT 00 0'ST 00 00 0'SE ST 059 SLTIT 0591 0'ST Adoue) |ejo)
S'LL8 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 S'L6 T 06€ 4 0 0 S'L6 600T-96 "9
0LT 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 S8 %S6-9L 'S
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 579 %SLTS 'V
SCIT € 0 0 0 0 0 0 0 0 0 0 0 0 0 0 SL 4 EAS T 0 0 S'LE %0S-9C '€
ST T 0 0 ST T 0 0 0 0 0€ 14 0 0 09 4 0€ 4 0€ 4 ST T ST %SC-9 T
ST T 0 0 0 0 0 0 0 0 S 4 ST T S 4 ST 9 S'L € 0 0 ST %ST T
ssed Aseue) pasy sy313Y ||e - Jepadijes lex liex 11e3 WS’ T> 113 WS T> - O J1e3 WS T> ysnJng Janry 3414359500] 3|dind paa1 uowwo) sa123ds |[e1e) 104 PIN sse|D
WG T> - MOJ|IM JEGPUBS | WS 'T> - SAI|O UeIssny - MOJ[IM Jea]ydead - POOMUO110) uld)se] 19A0D)

3N ‘Uj0dU - S3IBIDOSSY UOSS|O S:mnEou_m:oEE_m Ya3) pue IINIIA lueq

SE

ex3|v'ST

8eady parewns3[1sz

:sjeJpenp 4o JaquinN

13u10d 10YauY [T102/9¢/8 |

:a1eQ

Bulonuo uoneladap [suueyd-uj weiSold uonejuswaldw| A1an0day JaAly a1le|d dwen 123fold

Aewwng anwuagneq paiipon

Figure 3.3. Modified Daubenmire sheet for anchor point AP-1.

Ayres Associates

3.10

PRRIP Year 3 Final Report



2011 Vegetation Monitoring Frequency per Species of Interest
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Figure 3.4. Frequency of occurrence for each Species of Interest across all 2011 sample

point locations, compared to 2010 and 2009 frequencies. Note that reed canarygrass and

rice cutgrass are added for comparison for 2011 only; these species were not analyzed in
previous years, thus the lack of bars does not indicate absence.

2011 Vegetation Monitoring Canopy Cover per Species of Interest
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Figure 3.5. Percent canopy cover of each Species of Interest across all 2011 sample point
locations, compared to 2010 and 2009 percent canopy covers. Note that reed canarygrass
and rice cutgrass were added for comparison for 2011 only; these species were not analyzed
in previous years, thus the lack of bars does not indicate absence.
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All of the species of interest were reduced in both frequency of occurrence and canopy cover
between 2010 and 2011, but for many the reduction was relatively small. Even those
species which had shown large decreases between 2009 and 2010, such as common reed
and purple loosestrife, continued to decline in frequency and cover, although not nearly as
dramatically. In addition, the two species of interest that had increased between 2009 and
2010 declined in 2011; river bulrush was still above its 2009 numbers for percent cover but
not frequency of occurrence, but false indigo declined below its 2009 numbers for both
metrics.

For some species such as common reed and possibly purple loosestrife, both of which are
considered noxious weeds, the reduction over the two years was due in large part to
persistent control methods, including herbicide spraying. However, for most of the species of
interest, the reduction in acreage was due to high flows that created far more wetted channel
areas within the VSZ, instead of vegetated islands and sand bars.

Table 3.1 shows acreage, canopy cover, and frequency of occurrence for each species of
interest that was monitored over the three year period, along with the change from year to
year, and percent change over the three years of monitoring.

In addition to the information in Table 3.1, certain species of interest are discussed further
below.

e As can be seen in Table 3.1, Common reed was found in 4.3% of samples in 2011,
compared to 5.8% of samples in 2010 and 14.5% in 2009. Canopy cover was 1.2% in
2011 compared to 1.9% in 2010 and 6.4% in 2009.

e Purple loosestrife was found in 4.9% of samples in 2011, compared to 8.0% of samples
in 2010 and 16.0% in 2009. Canopy cover was 1.5% in 2011, compared with 1.6% in
2010 and 4.0% in 2009.

e Eastern cottonwood was found in 0.57% of samples in 2011, compared to 1.4% of
samples in 2010 and 3.6% in 2009. Canopy cover was 0.019% in 2011, compared to
0.041% in 2010 and 0.22% in 2009.

¢ River bulrush was one of the two species that had increased between 2009 and 2010. In
2011, it was found in 3.6% of samples, compared to 5.4% of samples in 2010 and 4.5%
in 2009. Canopy cover was 1.1% in 2011, down from 1.5% in 2010 but still higher than
0.8% in 2009. Despite the fact that canopy cover was lower in 2011 than in 2010, river
bulrush canopy cover appears to have been the only increase from 2009 to 2011 for any
species of interest that was monitored over this time period, for either canopy cover or
frequency of occurrence.

¢ False indigo was the other species of interest that had increased between 2009 and
2010. In 2011, it was found in 1.6% of samples, compared to 2.5% of samples in 2010
and 1.7% in 2009. Canopy cover was 0.28% in 2011, compared to 0.47% in 2010 and
0.28% in 2009.

Please note that despite the large overall number of vegetation samples, many of these
percentages are relatively low. Thus the number of samples in which a particular species
was found is small, and the estimates of reductions or increases in occurrence or cover are
just that — rough estimates of possible trends that may not be statistically significant.
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Table 3.1. Acreage, Percent Canopy Cover, and Frequency of Occurrence for each Species of Interest; Change from 2009 to 2010,
2010 to 2011, and 2009 to 2011; and Percent Change from 2009 to 2011, for each parameter.

Acreage
Cattail species | Common reed | Purple loosestrife | River bulrush | Eastern cottonwood - <1.5m tall | False indigo - <1.5m tall | Peachleaf willow - <1.5m tall | Russian olive - <1.5m tall | Sandbar willow - <1.5m tall | Saltcedar - all heights
2009 1.5665 49.1081 30.7121 5.6752 1.5626 2.5870 0.4842 0.1244 5.6449 0.2324
2010 0.5335 12.8724 9.3409 8.6421 0.2401 2.7447 0.2561 0.0000 3.7022 0.0000
2011 0.5607 7.0341 9.0189 6.5438 0.1095 1.6301 0.0261 0.0000 2.9315 0.0548
09 to 10 -0.3239 -27.7278 -10.3028 4.0744 -0.7799 0.7557 -0.0301 -0.1067 -0.6320 -0.1172
10to 11 0.0273 -5.8383 -0.3221 -2.0983 -0.1305 -1.1146 -0.2300 0.0000 -0.7707 0.0548
09to 11 -1.0058 -42.0740 -21.6932 0.8686 -1.4531 -0.9569 -0.4581 -0.1244 -2.7134 -0.1776
09 to 11 -64.2047% -85.6763% -70.6342% 15.3052% -92.9901% -36.9893% -94.6138% -100.0000% -48.0681% -76.4332%
Percent Canopy Cover
Cattail species | Common reed | Purple loosestrife | River bulrush | Eastern cottonwood - <1.5m tall | False indigo - <1.5m tall | Peachleaf willow - <1.5m tall | Russian olive - <1.5m tall | Sandbar willow - <1.5m tall | Saltcedar - all heights
2009 0.1394% 6.4150% 4.0308% 0.7534% 0.2247% 0.2823% 0.0759% 0.0165% 0.7875% 0.0182%
2010 0.0915% 1.9333% 1.6017% 1.4636% 0.0412% 0.4706% 0.0439% 0.0000% 0.6348% 0.0000%
2011 0.0951% 1.1929% 1.5295% 1.1098% 0.0186% 0.2765% 0.0044% 0.0000% 0.4972% 0.0093%
09 to 10 -34.3699% -69.8624% -60.2631% 94.2774% -81.6768% 66.7230% -42.1234% -100.0000% -19.3823% -100.0000%
10to 11 3.9623% -38.2956% -4.5059%| -24.1740% -54.8691% -41.2602% -89.9261% 0.0000% -21.6851% 0.0000%
09to 11 -31.7694% -81.4038% -62.0537% 47.3128% -91.7306% -2.0673% -94.1696% -100.0000% -36.8643% -49.0497%
Frequency of Occurrence
Cattail species | Common reed | Purple loosestrife | River bulrush | Eastern cottonwood - <1.5m tall | False indigo - <1.5m tall | Peachleaf willow - <1.5m tall | Russian olive - <1.5m tall | Sandbar willow - <1.5m tall | Saltcedar - all heights
2009 0.6588% 14.5176% 16.0471% 4.4706% 3.5765% 1.7176% 0.5412% 0.0941% 4.6118% 0.0471%
2010 0.4940% 5.8361% 8.0132% 5.3970% 1.3721% 2.4881% 0.1829% 0.0000% 3.8602% 0.0000%
2011 0.3539% 4.2817% 4.9186% 3.5563% 0.5662% 1.6454% 0.0885% 0.0000% 2.2824% 0.0354%
09 to 10 -25.0235% -59.8001% -50.0645% 20.7224% -61.6348% 44.8556% -66.1942% -100.0000% -16.2961% -100.0000%
10 to 11 -28.3636% -26.6345% -38.6184%| -34.1067% -58.7374% -33.8680% -51.6454% 0.0000% -40.8745% 0.0000%
09 to 11 -46.2896% -70.5071% -69.3488%| -20.4520% -84.1696% -4.2041% -83.6533% -100.0000% -50.5097% -24.8054%

Note that for Saltcedar, there was in increase for percent canopy cover and frequency of occurrence between 2010 and 2011, but as it was not found in 2010 the
percent increase between those two years cannot be calculated.




Estimate of Acreage for each Species of Interest

The acreage of cover for each species of interest was estimated by multiplying the percent
canopy cover by the total acreage of VSZs at all monitored anchor point belt transects.
Figure 3.6 shows the estimated acreage of each species of interest for 2009, 2010, and
2011 at (a) pure panel anchor points and at (b) all anchor points. Total acreage of VSZs
monitored in 2011 was approximately 590 acres.

Two other species that were not considered species of interest in 2009, 2010, or 2011 were
analyzed for this year, as there was the suggestion that reed canarygrass (Phalaris
arundinacea) may be moving into the areas that have been opened by the removal of
common reed. Observations indicate that reed canarygrass is found mostly at the beginning
or end of transects. Thus, during the high flow years of 2010 and 2011 when the river was
wider, the VSZ may have included areas of reed canarygrass that were outside of the VSZ in
2009. However, at these locations it is often present at a high cover class and, like common
reed, it can spread rapidly by vegetative means. Although it is unlikely to spread to sand bars
in high river flow years, it could take advantage of future low river flows and the reduction in
coverage by common reed to extend into the channel. Thus we recommend including it as a
species of interest. The 2011 data analysis for this species is included in Figures 3.4, 3.5 and
3.6.

In addition, many of the sand bars appeared to have a good growth of grass-like vegetation,
but these were mainly species such as Cyperus spp. (nutsedges) and Leersia oryzoides (rice
cutgrass). These species are not invasives but they are perennials, and thus we suggest
discussing whether it is desirable to begin analysis of these species. As an example, the
2011 data analysis for rice cutgrass is included in Figures 3.2, 3.3, and 3.4.

In contrast, two species of interest were always present in extremely low numbers. Russian
olive was not found at all in 2010 or 2011, and saltcedar was not found in any of the quadrats
in 2010. In 2009 (and 2011 for saltcedar) they were present in very low numbers. We
suggest that these species not be analyzed in detail in future years unless their numbers
increase substantially.

Species of Interest Elevation Analysis

The presence or absence of each species of interest at each sample point location was
entered into a second spreadsheet. This spreadsheet was created from the survey data
recorded in the field and lists all vegetation sample locations surveyed and includes GPS
coordinates and elevation data. Columns for each species of interest were added to this
spreadsheet and a "Yes" was entered for each location where a species of interest was
found. This spreadsheet was then used to create a vegetation sample location point
shapefile with all spreadsheet data in the attribute table. This spreadsheet and shapefile
includes points that are coded as VEGSTRT and VEGEND. These points mark the start and
stop locations of the VSZ. Other than the VEGSTRT location at the beginning of each
transect (ID 00), these locations typically do not have vegetation data as they usually are not
always located at a regular 10-meter sampling interval (as discussed above in Section 3.4.1
Methodology). The spreadsheet was also used to calculate the average elevation for each
species of interest at each anchor point.
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(a) Total Acreage per Species of Interest for Pure Panel Points
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Note: Reed canary grass and Rice cut grass were observed in 2009 and 2010 but nat analyred.

Figure 3.6. Estimated acreage of each Species of Interest in 2009, 2010, and 2011 across
(a) pure panel points as those are directly comparable, and (b) all anchor points which
includes reed canarygrass and rice cutgrass for 2011 only.
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As for the period between 2009 and 2010, the average elevation for each species of interest
increased at almost every pure panel anchor point in 2011 compared to 2010. For example,
Figures 3.7 and 3.8 depict the average change in elevation for common reed and purple
loosestrife across all pure panel anchor points that had these species present. Due to the
higher river flows in 2011 compared to 2010, and in 2010 compared to 2009, this was
anticipated to occur.

One of the analyses that is defined in the monitoring protocol has not been completed at this
point, which is weighted elevation above base flow. The weighted elevation above base flow
calculation will be performed after a method to define base flow at each anchor point or
transect has been established. The Program is developing a protocol for calculating the
base flow elevation at each anchor point. Once base flow data is available the analysis can
be completed.

Green Line Elevation Analysis

Another analysis that was conducted was a comparison of the average elevation of the green
line change between 2009 and, 2010, and between 2010 and 2011. The green line elevation
comparison was conducted on a per-transect basis for the pure panel anchor points. In 2010
and 2011, three types of green lines were recorded: “standard” green line, high bar green
line, and vertical bank green line, thus two calculations were made. Many of the vertical
bank green lines were not collected in a comparable manner in 2009 and therefore we feel
the most accurate way to compare 2009 versus 2010, and 2010 to 2011 green line data is to
only compare the “simple” green lines. Figure 3.9 depicts the change in average green line
elevation per transect between 2009 and 2010, and between 2010 and 2011, at three
example anchor points: (a) AP3, (b) AP29, and (c) AP33a. Note that AP3 showed less
variability in elevation change between 2009 and 2010 than between 2010 and 2011, or at
AP 29 (0.3 to 2.3 feet) or AP33a. This was consistent with smaller change in channel
topography at AP3 between 2009 and 2010 compared to the other annual topographic
changes.

Throughout the analysis process, staff who had not been involved in data collection
performed a QA/QC review of the data. The review process compared the spreadsheet of
the vegetation survey location with the data on the field data sheets, among other items.
Olsson and Ayres staff coordinated closely while compiling the survey data and the
vegetation data and information.

3.4.3 Recommendations for Protocol Revisions

For future detailed analysis:

e Add reed canarygrass, and consider adding rice cutgrass and possibly nutsedges to the
list of species of interest

¢ Remove Russian olive and saltcedar from the list of species of interest

e Return to measuring average height of vegetation rather than height classes

The relatively large amount of reed canarygrass (Phalaris arundinacea) indicates that it
should be added to the list of species of interest for 2011. For all identified plants, including
reed canarygrass, the same data is being collected but currently no analyses of frequency of
occurrence or canopy cover are being done for non-species of interest. Until these analyses
are done, it is not as easy to identify trends for this species.
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Figure 3.7. Average change in elevation of the vegetation sample points with common reed
present in 2009 versus 2010, and 2010 versus 2011, at pure panel anchor points where
common reed was found in all three monitoring years.
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Figure 3.8. Average change in elevation of the vegetation sample points with purple
loosestrife present in 2009 versus 2010, and 2010 versus 2011, at pure panel anchor points
where purple loosestrife was found in all three monitoring years.
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Figure 3.9. Change in 2010 compared to 2009 (blue bars) and 2010 compared to 2011 (red
bars) “simple” green line elevations at (a) AP3, (b) AP29, and (c) AP33a.
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Figure 3.9 (cont.). Change in 2010 compared to 2009 (blue bars) and 2010 compared to
2011 (red bars) “simple” green line elevations at (a) AP3, (b) AP29, and (c) AP33a.

Conversely, once again Russian olive and saltcedar did not appear as major factors for
vegetation in the Platte River. Russian olive was not found at all in 2010 or 2011, and
saltcedar was not found in any of the quadrats in 2010. In 2009 (and 2011 for saltcedar)
they were present in very low numbers. Unless these species start appearing in much larger
numbers, the analyses that currently are being done are not useful to the program. If they do
start appearing in larger numbers, researchers will be able to go back to earlier data and
conduct analyses at that time. Thus, we suggest that these species not be analyzed in detail
in future years unless their numbers increase substantially.

We also recommend returning to the 2009 vegetation height method, which averaged

vegetation height at each quadrat. It takes no longer to measure or record than the height
classes, and it provides more detailed information that can be useful to the Program.
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4. BED AND BAR MATERIAL SAMPLING

Bed and bar material samples were collected and analyzed per the methodology defined in
Section 111.D of the monitoring protocol. Per the protocol, the bed and bar material samples
are to be taken at locations along the geomorphology transects at each anchor point. Bed
material samples will be used to track changes in measures of bed material grain size
distribution. Changes in grain size distribution over time will indicate coarsening or fining of
the sediment at the system level.

4.1 Bed and Bar Material Sampling

Bed and bar material are be documented using grain size distributions of samples collected
during each successive annual topographic survey per Section I11.D of the monitoring
protocol. As many as 13 bed material samples and one bar material sample will be collected
annually at each of the 25 surveyed anchor points. The bed and bar material samples will be
collected as follows:

e Main and Secondary Channel Bed Samples - Three main channel samples were
collected from each of the three geomorphology transects at each anchor point. Each
transect was divided into three equally-spaced increments with one sample from the
thalweg in the increment that contains the thalweg and a representative dry or wet bed
sample from the other two increments. If additional smaller channels separated from the
main channel by islands were present on the Year 3 Rotating Panel anchor points, one
sample was collected from the thalweg of the middle transect on the second largest
channel at the anchor point. The locations of each of the samples were georeferenced
using GPS.

e Sand Bars in Main Channel - Samples were collected from natural high flow sand bars.
Natural bar sites were selected for sampling from anywhere in the main channel at the
anchor point. One set of three samples representing materials found on the sampled
sand bars was collected. The three individual samples were collected in close proximity
to each other at the head of the bar and were representative of the materials that
comprise the bar. The three samples were combined to form a composite sample. The
central location of the composite sample was georeferenced. Any surface armor layer or
coarse surface lag was noted, photographed, and removed prior to sampling.

4.1.1 Methodology

Based on the protocol, bed sediment samples were to be collected using a steel cylinder
core sampler. However, because of the coarseness of the material, it became evident during
the 2009 sampling effort that using the steel cylinder core sampler defined in the protocol
was both difficult and impractical. It was extremely difficult to push or drive the core sampler
into the bed and bar material and often the amount of material retrieved was small, thus
requiring the need to conduct multiple samplings at the sample site. Instead, a 6-inch
diameter, 12-inch long piece of PVC pipe, beveled at one end and covered with a 200 micron
mesh at the other end was constructed for use in collecting the bed samples. It was decided
that this sampler would be more practical for collecting bed material samples and would likely
provide the same results. The pipe dredge is shown in Figure 4.1. The pipe dredge is
pushed 6 to 8 inches deep at an angle into the bed of the channel with the opening facing
upstream. The mesh at the end of the pipe allows the water in the pipe to pass through the
pipe with minimal loss of the sample material. All bed samples collected from the main
channel and any secondary channels were transferred to individual sample bags that were
labeled with the sampled anchor point, transect ID, sample number, and the date the sample
was taken per the protocol. All sample locations were georeferenced using the Trimble
GeoXT handheld GPS unit.

4.1
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Figure 4.1. Pipe dredge used to collect bed material samples.

Bar material samples were generally collected at the head of a high bar in the area where the
coarsest material was deposited. Samples were taken at 3 different spots on the bar,
generally in relatively close proximity to each other such that the zone that was being
sampled was generally the same. The samples were collected with a shovel after noting and
removing any armor or coarse lag. An approximately equal volume of bar materials was
collected at each of the three sites. The composite bar material samples were transferred to
sample bags that were labeled with the sampled anchor point, transect ID, sample number,
and the date the sample was taken. A single georeferenced point was taken at a location
that was central to all the samples using the Trimble GeoXT handheld GPS unit.

4.1.2 Results

A total of 243 bed and 26 bar material samples were collected at all Year 3 (2011) anchor
points. Bed material samples were not collected at the 5 suspended sediment/bedload
sampling bridges because of the high flows which created conditions too deep and
hazardous to collect a bed sample at the bridges. All samples were transferred to the Olsson
geotechnical lab and analyzed for grain size distributions using the same procedures, sieve
sizes, and results reporting as described in the protocol. The Year 3 (2011) grain size data
and other information for the samples are provided in an Excel file on the attached DVD.

Figure 4.2 shows the D16, D50, and D84 distributions by river mile for the Year 3 bar
samples collected at each anchor point. Although the bar sample gradations are fairly
variable, the figure shows minimal overall fining in the downstream direction.

The Year 3 bed material sample data has been compiled as both individual data and as
composited data for each anchor point. Figure 4.3 shows the D16, D50, and D84
distributions by river mile for the composited bed material samples collected at each anchor
point. A comparison with the bar material gradations shown in Figure 4.2 would suggest that
there is little difference between the bed material and bar material. A comparison of the
2011 bed sample data with the 2009 bed sample data for all the pure panel anchor points
shows little change, except for a slight fining in the upper third of the project reach. In
addition, Figure 4.4, which is a comparison of the 2011 bed material sample data to the
1989 USBR bed material sample data, shows a general overall coarsening of the Central
Platte River since 1989.

4.2
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Figure 4.2. Grain size distribution of 2011 composite bar samples by river mile.
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Figure 4.3. Grain size distribution of 2011 bed material samples by river mile.

4.3
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Ayres 2011 vs. USBR 1989 Grain Size Distribution of Bed Material Samples
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Figure 4.4. Comparison of the grain size distributions of the 2011 bed samples with the 1989
USBR bed samples by river mile.

A comparison of the 2009, 2010, and 2011 composited bed material sample gradations for
the project reach suggests that the bed material collected in 2011 is slightly finer than the
2010 bed material, which is slightly finer than the 2009 bed material, especially in the upper
part of the reach. A comparison of the bar material sample data from 2009, 2010, and 2011
shows an overall coarsening in gradation from 2009 to 2011 along the project reach with a
slight fining of the 2010 and 2011 bar material in the downstream direction.

In addition, Figure 4.5 provides a comparison of the grain size distributions for 1989, 2009,
2010, and 2011 bed material in the J-2 Return (South) channel at river mile 246.5 (AP37b)
and river mile 241.5 (AP35b). This figure suggests that the bed material in the J-2 Return
channel, at least at river mile 246.5, has coarsened significantly since 1989. Also, the
median grain size fined slightly from 2009 to 2010, but then coarsened slightly by 2011.
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Figure 4.5. Comparison of grain size distribution for the 1989 USBR and Ayres 2009, 2010,
and 2011 composite bed material samples at river miles 246.5 (no 2011 data) and 241.5 on
the J-2 Return (South) channel.
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5. SEDIMENT TRANSPORT MEASUREMENTS

The total sediment load in a channel is the sum of the bedload and suspended load.

Bedload is the material that moves (rolls, slides, or bounces) along the bed. Suspended load
is that material in full suspension throughout its motion and can consist of materials that are
found in the bed along with the finer materials (silts and clays) that are derived primarily from
the watershed. The finer materials are often referred to as the wash load as they are easily
transported by the river, even at low flows, and tend to "wash" through the system. Wash
load is commonly defined as sediment finer than 0.0625 mm (division between sand and silt).
Although measurement of suspended sediment is relatively easy, bedload measurements on
an easily deformable bed like the Platte River make sampling difficult and can produce
inaccurate results.

5.1 Bedload Sampling, Depth-Integrated Suspended Sediment
Sampling, and Total Load Computations

Bedload and suspended sediment load is to be monitored throughout the year at bridge
crossings near Lexington (SH-L24A/Rd 755), at Overton (SH-L24B/Rd 444), at Kearney (SH-
44/S. 2nd Ave.), at Shelton (SH-L10D/Shelton Road), and near Grand Island (US-
34/Schimmer Drive). Bedload and suspended sediment is to be measured using procedures
from Edwards and Glysson (1999) and Thomas and Lewis (1993) and analyzed by a certified
geotechnical lab.

The protocol, which was revised in 2010, calls for 3 bedload samplings in the 1,000-3,000 cfs
increment, 2 in the 3,000-5,000 cfs increment, and a single bedload sampling during a flow
greater than 5,000 cfs. Suspended sediment sampling is only to be completed in conjunction
with the bedload sampling for the flow event greater than 5,000 cfs. The protocol calls for
using the standard U.S. Geological Survey (USGS) methodology for conducting both
bedload and depth-integrated suspended sediment sampling based on equal width intervals
at five gaged bridge sites for specific flow increments.

The protocol also calls for using a well-established calculation procedure, the Modified
Einstein method, to provide another estimate total sediment load based on the suspended
sediment measurements and the bed material size analysis. To complete this analysis, a
bed sample is to be taken at the bridge locations once every year. This can be
accomplished after the high flows during the transect surveys. The protocol calls for
collecting this bed sample even if there is no suspended sediment sampling for the year.

At the low flow events (below 5,000 cfs) the total sediment load was assumed to be the sum
of the suspended and bedload. At the high flow events, the total sediment load is based on
the Modified Einstein method. These results combined with volume of aggradation and
degradation measured with topographic ground surveys provides the necessary information
to monitor the sediment budget between Lexington and Chapman.

5.1.1 Methodology

Samples are to be collected using USGS standards for both a bedload and depth-integrated
sampler at 20 equally spaced locations (verticals) in the river cross section along the bridge
face. This will allow inclusion and comparison of historical bedload and suspended sediment
measures from the USGS and others in the data set. Per the protocol, samples are to be
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collected at each site 6 times during the year. The sampling portion of the protocol calls for
obtaining two bedload samples from the 1,000 to 3,000 cfs and 3,000 to 5,000 cfs flow
increments each, and one bedload and one suspended sediment sampling (concurrently) of
a flow greater than 5,000 cfs.

However, after the results of 2010 (Ayres, 2010), we recommended that we should not
collect bedload samples above 5,000 cfs. Above 5,000 cfs, it was demonstrated that the
Modified Einstein method could approximate the total load very well using just the suspended
sampling. Therefore, this year, we did not collect bedload samples at flows above 5,000 cfs.

In general, flows exceeding 5,000 cfs are not very common; however this year was, like

2010, again an exception. Mean daily flows during the spring and summer months often
exceeded 4,000 cfs and the peak flow, which was over 7,000 cfs throughout the project

reach, was sustained for the entire month of June.

Per the protocol, the bedload samples were collected at each bridge site during each of the
flow increments at 20 equally spaced locations (verticals) along the bridge using a truck
mounted, cable suspended, BL-84 Helley-Smith bedload sampler (Figure 5.1). A standard
USGS B-56 sounding reel was used to suspend the Helley-Smith sampler. The sampler is
lowered slowly onto the bed and kept in place for a predetermined amount of time. Because
of rapid filling of the bag at some locations, the initial time used was reduced from 60
seconds to 30 seconds with two samplings being conducted at each vertical. Each bridge
sampling consisted of 1 to 3 bags of sediment that were composited in the lab. Information
for each sample site, including the date, begin and end time of the sampling, discharge,
bridge name, and bag number, was recorded on each of the sample bags.

Figure 5.1. View of BL-84 Helley-Smith bedload sampler cable suspended with a B-56
sounding reel on a truck-mounted crane system.
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The 20 depth-integrated suspended sediment samples were collected at each bridge site
during the >5,000 cfs flow increment using a truck mounted, cable suspended, US DH-76
sampler (Figure 5.2). The USGS B-56 sounding reel was again used to suspend the
sampler. The samples were collected at a constant transit rate at each section. The DH-76
pint sampler bottles collected were combined into a larger container to make a single
composite sample for that bridge site.

.

Figure 5.2. View of US DH-76 suspended sediment sampler cable suspended with a B-56
sounding reel on a truck-mounted crane system.

The composite bedload and suspended sediment samples were delivered to and analyzed
by the Olsson geotechnical lab. The sediment samples were analyzed by dry sieving per the
methodology defined in the protocol to determine their grain size distribution. The total load
computation for larger events (greater than 5,000 cfs) was calculated using the modified
Einstein method.

5.1.2 Results

Bedload sediment sampling was completed on March 28-30, and August 30-31, 2011. The
instantaneous flows in cubic feet per second (cfs) for each sample at each bridge (as
obtained from gages at those bridges) along with the calculated concentrations are shown in
Table 5.1. Depth-integrated suspended sediment sampling was completed on March 28-30,
May 31-June 2, and August 30-31, 2011. The instantaneous flows in cubic feet per second
(cfs) for each sample at each bridge (as obtained from gages at those bridges) along with the
calculated concentration are shown in Table 5.2.
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Table 5.1. Bedload Sampling Flows and Concentrations for Year 3 (2011).

Bridge March 28-30 May 31-June 2 August 30-31
Darr Flow (cfs) 1,890 @
Concentration (ppm) 109 @
Overton Flow (cfs) 3,825 4,185
Concentration (ppm) 55 29
Keamney Flow (cfs) 3,790 3,760
Concentration (ppm) 100 37
Shelton Flow (cfs) 3,519 3,181
Concentration (ppm) 173 152
Grand Flow (cfs) 4,040
Island Concentration (ppm) 110

Table 5.2. Depth- Integrated Suspended Sediment Sampling Flows and
Concentrations for Year 3 (2011).

Bridge March 28-30 May 31-June 2 August 30-31

Darr Flow (cfs) 1,902 5,301 5,350

Concentration (ppm) 528 581 91
Overton Flow (cfs) 3,825 --@ 4,200
Concentration (ppm) 564 559 564

Kearne Flow (cfs) 3,790 7,305 o)
Y [Concentration (ppm) 435 349 -0
Shelton Flow (cfs) 3,529 5,765" 3,181
Concentration (ppm) 485 467" 588

Grand Flow (cfs) 4,040 7,900 --©
Island Concentration (ppm) 413 1189 -

@ Lexington gage down or malfunctioning during this event.

(®) Sample taken at Gibbon bridge during construction at Shelton bridge.

© Samples were not collected at Kearney and Grand Island during this event due to unsafe traffic
conditions.

A single bulk bed material sample was not obtained at each bridge because of excessively
deep and rapid all season at the bridges. The bridge cross sections were not resurveyed this
year. However, the bridge sections at the Gibbon bridge were surveyed.

The Madified Einstein (Holmquist-Johnson and Raff, 2006) calculations were run on all the
2011 flow events. The bed material gradations from 2010 were used as the bed material
gradation for 2011 and SAMWin was used to run normal depth hydraulic calculations. This
data and the hydraulic results were then input into the Bureau of Reclamation Automated
Modified Einstein Program (BORAMEP). For most of the lower flows, there was not enough
correlation between the bed material and suspended sediment gradations for the Modified
Einstein calculations to work. The measured and Modified Einstein total load results are
provided in Table 5.4.

There were no flows in the 1,000 — 3,000 cfs range (except at Darr) before the sampling was
completed. Flows didn’t drop below 3,000 cfs until November. Between 2011 results shown
above, and especially the 2010 results (Ayres, 2010), it is apparent that BORAMEP handles
the total load for the events above 5,000 cfs quite well. Below 5,000 cfs, BORAMEP struggle
to provide a reasonable total load. This is typically because there is not enough correlation
between the bed material gradation and the suspended sample gradation. If those two
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gradations are significantly different, BORAMEP (and the Modified Einstein method) does not
provide good results.

Table 5.3. Total Sediment Load Results for 2011 Flow Events.

Measured Measured Measured Modified Einstein
Bridge Flow (cfs) Suspended Bedload Total Load Total Load
Load (tons/day) (tons/day) (tons/day) (tons/day)
Darr 1,902 2,713 555 3,268 3,348
Overton 3,825 5,881 569 6,450
Overton 4,200 6,391 328 6,719
Overton 6,890 8,529
Kearney 3,790 4,455 1,028 5,483 4,704
Kearney 7,305 6,878 8,396
Shelton 3,529 4,622 1,643 6,265 4,950
Shelton 3,181 5,049 1,301 6,350 7,299
Gibbon 5,765 7,271
Grand Island 4,040 4,504 1,200 5,704
Grand Island 7,900 25,357 26,711

5.1.3 Recommendations for Protocol Revisions

Based on the results from the 2010 and 2011 field season, it seems appropriate to adjust the
protocol. It is suggested that both bedload and suspended load data are necessary and
should be collected to estimate total load below 5,000 cfs. Above 5,000 cfs, only the
suspended load needs to be measured as the total load can be estimated from the Modified
Einstein method.

Therefore, we recommend that samples be collected at each site 5 times during the year:
two bedload and two suspended samples (concurrently) within the 1,000 to 3,000 cfs and
3,000 to 5,000 cfs flow increments each, and one suspended sediment sampling of a flow
greater than 5,000 cfs.
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6. PHOTOGRAPHIC DOCUMENTATION

6.1 Channel, Bank, and Vegetation Features

Per Section III.F of the monitoring protocol, ground photography will be conducted on each
transect survey to document and describe bank stability and compaosition, vegetation type
and structure, and the location of the main channel.

6.1.1 Methodology

Ground photographs will be taken of the banks and main channel at each geomorphology
transect at all anchor points. Photographs of the in-channel vegetation will be taken of the
vegetation quadrat at each survey point and general photographs will be acquired of the
overall vegetation along the banks at each anchor point as well. These photographs will be
archived by the Program for use in clarifying changes detected by the topography survey.
The vegetation delineations will also be documented with photographs for use in the
interpretation of aerial photographs.

Ground photography stations on each bank adjacent to the topography survey point are be
taken with a good quality digital camera that maintains a time and date stamp, a 3X or
greater optical zoom lens, and an effective image capture size of five megapixels or greater.
Photographs were to be taken at a variety of locations along each transect for the main
channel and additional photographs are to be acquired on secondary channel sections.
Transect and point identification, photo number, and direction are to be recorded for each
photograph. Photographs are to be cataloged after field work is completed and all
data/photos will be stored in the Program database. The digital ground photography will be
georeferenced for incorporation into the Program database.

6.1.2 Results

Ground photos taken along the geomorphology transects were obtained per the protocol.
Pertinent information regarding the location and direction of each photo was recorded as
well.

With regard to the vegetation surveys, ground photographs were taken at each vegetation
sample location to document site conditions at the time of field survey. These photographs
were generally oriented towards the ground to show the vegetation conditions within the 1
meter square quadrat. General landscape views at each vegetation transect were also
obtained.

Separate cameras and handheld sub-meter GPS units were used in the field to allow each

photo to be georeferenced. A shapefile containing the georeferenced locations of all
geomorphology and vegetation survey photos is included on the attached DVD.
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7. DELIVERABLES

Deliverables included with the Final Year 3 Report include any and all raw data (including
survey and parametric data), survey and mapping data, UTM locations of monitoring and
sampling sites, ground photographs and field documentation of project activities, and other
documents or materials collected and/or developed as a part of the monitoring activities.
Where appropriate, all data has been compiled in Excel spreadsheet format so that it can be
incorporated into the Program database. Year 3 data is reported in accordance with
guidelines outlined in the Program’'s AMP and the Program's Database.

7.1 Transect Survey and LiDAR Data

The following deliverables pertaining to the Year 3 (2011) channel geomorphology transect
surveys are included on the submitted DVD:

e Shapefiles and ground survey data for all surveyed geomorphology and vegetation
transects

o Shapefiles of cross sections for all anchor points compiled from transect survey data and
LiDAR data

7.2 In-Channel Vegetation Data

The following deliverables pertaining to the in-channel vegetation surveys are included on
the submitted DVD:

e Copies of original vegetation field data sheets on modified Daubenmire forms in PDF
format.

e Excel spreadsheet listing each vegetation sample point surveyed in 2011. Spreadsheet
includes photo numbers and documentation on which species of interest are located at
each sample point.

o Shapefile with attribute table documenting the presence or absence of each species of
interest at each vegetation sample location.

¢ Two excel workbooks containing species of interest elevation data. One workbook lists
elevation data for each species of interest and a separate workbook includes charts
displaying the elevation data.

e Excel workbook with the following data:

o Daubenmire forms for each anchor point that include all vegetation data collected
in 2011 (minus field sketches).

o The above excel workbook includes Daubenmire summary sheets which
document the frequency, percent cover, and acreage for each species of interest
at each belt transect and anchor point.

o The workbook also includes the frequency, percent cover, and acreage graphs
and a sheet of summary data used to create the graphs.

e Folder directory with vegetation sample point photos organized by anchor point and
transect.

7.3 Bed and Bar Sediment Sampling Data

The following deliverables pertaining to the Year 3 (2011) bed and bar material sampling,
analysis, and documentation are included on the submitted DVD:
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e Grain size analysis data for all bed and bar samples by anchor point
¢ Spreadsheets compiling all pertinent data relating to the samples
e Shapefiles containing the locations of all sediment sample collection points

7.4 Bedload Data, Suspended Sediment Data, and
Sediment Transport Results

The following deliverables pertaining to the Year 3 (2011) bedload and suspended sediment
sampling and analysis are included on the submitted DVD:

e Spreadsheets compiling the bedload and suspended sediment sample data
e Summary spreadsheets of suspended sediment concentrations

e Bedload and suspended sediment grain size analysis sheets

e Spreadsheets with bridge cross section survey data

e Total load calculation spreadsheets

7.5 Ground Photography

The following deliverables pertaining to the location of Year 3 (2011) ground photography are
included on the submitted DVD:

¢ Shapefiles of all georeferenced ground photography
e All ground photos obtained during transect surveys and sediment sampling work
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8. SUMMARY

This Final Year 3 Report represents a summary of the work that was conducted this year
(2011) under the Channel Geomorphology and In-Channel Vegetation Monitoring protocol.
Included with this report is a DVD with all the raw and processed survey and vegetation data,
photos, sediment samples, and other information acquired during the survey and sampling
effort.

We believe that the Year 3 (2011) survey and sampling effort went relatively smooth
considering the extensive amount of data that were collected and the high flow conditions
under which the data were collected. The bedload and suspended sediment sampling began
early in the year. The start of these efforts was timed to coincide with the start of the spring
runoff at the end of March. The duration of the high flow throughout the year only allowed for
2 bedload samplings under the intermediate flow increment and suspended sediment
sampling was conducted under only the intermediate and the highest flow increments as
defined in the Protocol. Flows within the project reach never fell below 3,000 cfs until
November, 2011 so no sampling was conducted under the 1,000-3,000 cfs flow increment.

The anchor point surveys and sampling work were conducted using a combination of 4-
wheel drive trucks, ATVs, and our airboat. The airboat allowed us to access most anchor
points and move around much more quickly as well as transport equipment and personnel
where necessary.

Although the transect surveys and bed and bar material sampling were to be conducted
under low flows, spring runoff in the mountains in Colorado and Wyoming coupled with full
upstream reservoirs including a full Lake McConaughy resulted in conducting the survey and
sampling work in considerably deeper and faster flow conditions than defined in the protocol.
Flows in the project reach remained between 3,000 and 6,000 cfs during the survey work
with high flows persisting into the late fall.

All of the data collected for this year’s monitoring has been processed and compiled into the
appropriate formats requested by the ED Office. The 2009 LiDAR has been used to compile
the cross sections for the Year 3 (R3) rotating panel anchor points. All anchor point cross
sections and all associated data and information are herein submitted to the ED Office for
review.

Overall, the channel morphology and vegetation characteristics along the river appear to
have changed as a result of the long duration, high flows throughout this summer. Bar and
bed forms have changed along many of the transects and some bank retreat has occurred.
Vegetation that was present on lower surfaces has been removed in many places as a result
of the high flows. Dead phragmites that have been sprayed with herbicide over the last 3
years have been knocked down or eroded away in many places by the high flows.
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