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EXECUTIVE SUMMARY
Chena Slough has historically provided important spawning and rearing habitat, especially for
Arctic grayling and other species. However, due to the increase in urbanization and development
along Chena Slough and other waterways nearby, degradation of fish spawning and rearing
habitat has been occurring for many years. The 2010 discovery of Elodea nuttaillii growing in
the Chena Slough has resulted in new concerns for the aquatic health of the waterway.
Past studies found that low flow velocities in the slough are primarily responsible for degraded
fish habitat. Recently, reduced velocities and increased water temperatures and nutrients have
also been identified as contributing to conditions that promote the growing Elodea infestation in
the Chena Slough. Concerned citizens and a number of management agencies have begun
working together to investigate methods for controlling and stemming the Elodea infestation. A
range of potentially effective control options has been developed. Potential solutions include
culvert replacement, channel narrowing, channel deepening, flow modification, and others. A
hydraulic analysis is required to determine if such actions would increase flow velocity fast
enough and long enough to improve fish habitat conditions and eliminate the channel
characteristics that promote Elodea growth.
This report describes the results of a hydraulic study conducted in 2012; the objectives of the
study were to determine the existing hydraulic and flow conditions in the Chena Slough, and
analyze changes to the hydraulic characteristics from engineered channel improvements,
including culvert and bridge replacement, channel dredging, vegetation removal, and
supplemental ‘flushing’ flows. The information from this project will be used by managers to
determine if proposed channel improvements and supplemental flushing flows will improve fish
habitat and decrease the presence of Elodea.
To assess the hydrology, two Chena Slough stream gages were established, at the Plack Road
and Peede Road crossings. Pressure transducers collected stage data every 15 minutes, and a
series of discharge measurements were made at both sites throughout the summer. Rating curves
were developed, and discharge hydrographs were developed for both sites. From comparisons
with the coincident data from the USGS Tanana River gaging station at Fairbanks, an analysis
was conducted to better understand the relationship between the Tanana River and Chena Slough
flow rates. Discharge data were also used to 1) determine the range of average flow velocities
during summer months, and 2) develop a flow duration curve at Plack Road to show the
relationship between streamflow and the percentage of time it is exceeded.
A hydraulic analysis modeled the Chena Slough using the HEC-RAS water surface profiling
program. Channel cross-sections, road embankments, and culverts were surveyed to develop a
numerical model of the study reach, which extended from the confluence of the Chena Slough
and Chena River upstream to Plack Road. Channel roughness coefficients were determined by
calibrating the model using discharge measurements and surveyed water surface elevations.
The initial analysis modeled the existing conditions in the slough, including water surface
elevations and average channel velocities. To test the range of potential designs, the HEC-RAS
model was used by modifying the ‘existing conditions’ geometry to replicate the desired channel
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or flow modification. The range of proposed options include: culvert replacement, vegetation
clearing, channel deepening, and flow modification. The results from each modification were
compared to the hydraulic characteristics for the existing conditions by analyzing the changes to
the water surface elevation profile, average channel velocities and travel time.
Model-All Culverts Removed: Average channel velocity, water surface elevations, and travel
time, are essentially unchanged when compared to the Existing Conditions model. This indicates
that, when all other conditions are unchanged, the slow water velocities are not due to small
culvert diameters at the road crossings, but the overall friction in the channel. Though channel
restrictions likely contributed to the impaired condition over a long period of time, simple
replacement or even removal of culverts will not result in an immediate increase in water
velocities.
Model-Harvest Aquatic Vegetation in 50-ft Swath: Average channel velocity, water surface
elevations, and travel time, are significantly changed when compared to the Existing Conditions
model. Peak channel velocities range between 3 and 4 ft/s, and the travel time for the study
reach was reduced from 68 hours to 32 hours. The average channel velocity increased from 0.19
to 0.40 ft/s.
Model-Dredge Channel: Changes to the average channel velocity, water surface elevations, and
travel time, are small when compared to the Harvest Vegetation model. Peak channel velocities
range between 3 and 4.2 ft/s. The travel time was 28 hours. The average channel velocity was
0.46 ft/s.
Model-Flushing Flow: Changes to the hydraulic characteristics occur downstream from the
Repp Road culvert, where the supplemental flushing flows are added in the model. Water surface
elevations increase by 1 to 2 feet along most of the channel reach downstream from Plack Road,
and average channel velocities range between 3 and 4.2 ft/s. The travel time was reduced from
68 hours to 52 hours. The average channel velocity is 0.24 ft/s; most of the increase in average
velocity from existing conditions occurs between Repp Road and Nordale Road.
Though replacing small culverts with larger diameter culverts and bridges along the slough have
likely improved localized fish passage conditions, the hydraulic analysis indicates that increasing
water velocity throughout the length of the slough will require either reductions in channel
resistance, or an increase to the flow. Reducing channel resistance by clearing a 50-foot wide
swath of all aquatic vegetation appears to have a significant impact on average channel velocity.
Though flushing flows may temporarily increase water velocities and elevations, additional
analysis is required to determine if such flushing flows would have enough energy to transport
channel sediment effectively for long-term maintenance of a relatively fines-free gravel bed.
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INTRODUCTION
Sloughs in the Fairbanks North Star Borough (FNSB) are important spawning and rearing
habitat, especially for Arctic grayling and other species. Chena Slough is listed in the Alaska
Catalog of Waters Important for the Spawning, Rearing or Migration of Anadromous Fishes,
and supports chinook (Oncorhynchus tshawytscha) and chum (O. keta) salmon spawning and
rearing (Figure 1).
Due to the increase in urbanization and development along Chena Slough and other waterways
within the FNSB, degradation of fish spawning and rearing habitat has been occurring for many
years. In response to public concern, multiple State and Federal agencies (ADNR, ADFG,
USGS and others), the Army Corps of Engineers, University of Alaska-Fairbanks, and
community-based groups have been working for years to restore the sloughs through a series of
studies, restoration plans, and funding sources.
Though some improvements have been made in fish passage requirements for Chena Slough, the
2010 discovery of Elodea nuttaillii (Elodea spp.) growing in the Chena Slough has resulted in
new concerns for the aquatic health of the waterway. This infestation is the first known instance
of an invasive, submerged aquatic plant becoming established in Alaska. Elodea has had
significant detrimental impacts on native ecosystems in other countries where it has been
introduced. There is evidence that Elodea is damaging Chena Slough and that it is spreading to
other Alaskan waters, where it could degrade fish habitat, reduce recreational opportunities,
reduce property values, endanger safe floatplane operation, and alter freshwater habitat.
The Chena Slough has a long history of alteration, starting with an earthen dam to reduce inflow
from the Tanana River. The Moose Creek Dam subsequently severed the slough in half, and
essentially eliminated open channel flow from the Tanana River. The 1967 flood washed out all
the bridges on the slough, which were replaced with 'temporary' culverts that greatly reduced
flow velocity in the channel (ADNR, 2006). In addition, pollution and nutrient input to the
slough from the adjacent residential corridor is estimated to be high (Kennedy and Hall, 2009).
Past studies found that low flow velocities in the slough are primarily responsible for degraded
fish habitat. Recently, reduced velocities and increased water temperatures and nutrients have
also been identified as contributing to conditions that promote the growing Elodea infestation in
the Chena Slough. As part of a larger effort that includes planning, public outreach, and funding
acquisition, a document was prepared in 2011 by natural resource professionals that described a
number of alternative methods for controlling and/or eliminating the Elodea infestation on Chena
Slough. The report describes a variety of aquatic plant control methods, including a basic
description of the method, descriptions of its advantages and disadvantages, and estimates of its
cost to implement relative to the other methods described.
A reconnaissance report by the Corps of Engineers found that modifying and realigning culverts
and removing beaver dams appears to be a cost-effective method of restoring better fish habitat
and improved flow conditions to the Chena Slough (USCOE, 1997). The Chena Slough
Technical Committee (CSTC), a multi-agency group formed in 2000 to support the Chena
Slough Neighborhood Committee, has been working on replacing culverted crossings with
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Figure 1. Project map.
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bridges at all road crossings. To date, nine small culverts were replaced with bridges or larger
fish-friendly culverts in various sloughs within the FNSB. In the Chena Slough, replacement
actions were taken at Airway Road (small culverts to bridge), Mission Road (dam breach and
removal), Outside Hurst Road (small culverts to bridge), Spruce Branch Road (small culvert to
bridge), Nordale Road (small to large culvert), Plack Road (small to large culvert), and Persinger
Road (small to large culvert) (ADNR, 2006). See ADNR (2006) for additional details.
Starting in December 2010, a number of concerned citizens and key agency personnel began
working together to discuss options for controlling and stemming the Elodea infestation. A
steering committee and action committees were formed, with efforts directed at acquiring
funding, planning for surveys, public outreach, research, and consideration of control options.
The group developed a document that compiles the range of potentially effective control options.
Additional channel modifications have been proposed, including culvert replacement, channel
narrowing, channel deepening, flow modification, and others. A hydraulic analysis is required to
determine if such actions would increase flow velocity fast enough and long enough to improve
fish habitat conditions and eliminate the channel characteristics that promote Elodea growth.

SCOPE OF PROJECT
This project has three main objectives: (1) Determine the existing hydraulic conditions in the
Chena Slough (2) Determine the existing flow conditions (hydrology) in the Chena Slough (3)
Analyze changes to the hydraulic characteristics from engineered channel improvements,
including culvert and bridge replacement, channel dredging, vegetation removal, and
supplemental ‘flushing’ flows. The information from this project will be used by managers to
determine if proposed channel improvements and supplemental flushing flows will improve fish
habitat and decrease the presence of Elodea.
To accommodate these objectives, Hydraulic Mapping and Modeling (HMM) completed several
major tasks: (1) compile existing hydrologic information; (2) conduct a cross-section and
channel survey of the Chena Slough; (3) hydrologic data acquisition and analysis; (4) conduct a
hydraulic analysis of existing conditions; and (5) conduct a hydraulic analysis of alternative
solutions for improving flow conditions.

EXISTING INFORMATION
As part of the study, we compiled existing hydrologic and hydraulic information about the Chena
Slough. Several documents describe the hydraulic history of the slough and how it transformed
over time from a channel of the Tanana River with substantial flow to a low-velocity lowdischarge groundwater-fed system. Field discharge measurements taken by the USGS at various
locations along Chena Slough were also compiled. A summary of those measurements is found
in Appendix A.

3
Hydraulic Mapping
And Modeling

Chena Slough
Hydrologic & Hydraulic analysis

METHODS
Chena Slough Hydrology
Long-term stream discharge records are derived from continuous stage measurements. Stage is
defined as the height of the water surface above an established datum plane. These records are
obtained by installing and continuously operating a water-stage recorder at a stable channel
cross-section. Stage is then correlated to discharge through a series of periodic discharge
measurements. Once enough measurements are made, a stage-discharge rating curve is
developed and used to provide continuous streamflow records.
The first phase of the hydrology study was to establish stream gages at two locations on Chena
Slough and begin the data collection effort required for hydrologic analysis. Following site
reconnaissance, HMM installed pressure transducer/data logger instruments at two locations.
The pressure transducers were mounted inside protective stilling wells, which were driven into
the channel streambed at stable channel locations. The gaging stations were located at Peede
Road upstream of the culvert (Figure 2) and Plack Road upstream of the culvert (Figure 3).
Stations were installed on June 20, 2012. Following station installation, an arbitrary gage
elevation was established at a local benchmark.
Solinst Levelogger pressure transducers were used for both installations. The Leveloggers
measure and record both pressure (water level) and temperature. The loggers are unvented, and
require little maintenance. At the Plack Road station, a second pressure logger was installed in
the dry section of the stilling well, and is used for barometric compensation for both stations.
A series of discharge measurements were made at both sites throughout the summer. A list of
the discharge measurements is found in Table 1. A discharge measurement was also made at the
Nordale Road crossing; information from that measurement was used to calibrate the hydraulic
model.
Table 1. Discharge measurements on Chena slough, 2012.
Plack Road
date

time

06/15/12 430pm
06/21/12 230pm
07/06/12 945am

discharge
(cfs)
19.38
20.05
22.34

08/09/12 1257pm 20.59
09/25/12 300pm 15.67
10/11/12 249pm 19.56

date
06/15/12
06/21/12
07/06/12
07/07/12
08/09/12
09/25/12
10/11/12

Peede Road
Nordale Road
time
discharge date
time
discharge
(cfs)
(cfs)
245pm *
05/12/12 445pm 41.24
315pm 52.14
1045pm 59.58
400pm 53.02
151pm 50.61
400pm 47.29
330pm 51.10

*measurement invalid due to Elodea interference.
Discharge measurements are generally made by stretching a graduated tape across the channel
and making a series of velocity measurements using a Price AA current meter. However, our
early attempts to measure the discharge in this manner were problematic. The dense coverage of
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Elodea throughout the channel created difficult wading conditions and prevented the use of
current meters, which could not spin properly within the vegetation. Therefore, most
measurements were made at the culvert outlet at both sites (Figure 4).

Figure 2. Peede Road gaging station, adjacent to old USGS staff gage.

Figure 3. Plack Road gaging station.
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Figure 4. Discharge measurements were made at culvert outlets.

At the Peede Road crossing, three other culverts with smaller diameters are located adjacent to
the main 8 ft diameter culvert. These culverts were checked for measurable flow during each
discharge measurement. No measurable flows were detected in the smaller culverts.
Cross-section Survey
Cross-section geometry is used to create the numerical model of the channel for use in the
hydraulic analyses. Cross-sections are located at intervals along a channel to characterize the
flow carrying capability of the stream and its adjacent floodplain. Cross-section spacing is
determined by balancing the improvements in accuracy (more cross-sections) with the additional
costs of collecting such field data. For this project, we attempted to survey cross-sections with
an average vertical difference (water surface elevation) of less than 1 foot.
Cross-sections were generally surveyed in the following manner. A survey crew selected
representative locations for survey and set stakes on either side of the channel at the edge of
water. With a tape stretched taut across the channel, a rod holder took depth measurements
across the channel at numerous stations, either by wading or from a boat. Note-keepers recorded
the station and depth for each measurement, and the depth of the silt/fines layer on top of the
gravel bed (Figure 5). Finally, the edge-of-water stakes were surveyed using a GPS total station.
This provided both a horizontal position (in Alaska State Plane coordinates) and a common
vertical datum for each cross-section. Cross-sections were named by stationing in feet.
Stationing starts at zero at the confluence of the Chena River and Chena Slough and increases
upstream.
Approximately 30 cross-sections were surveyed on the Chena Slough between Plack Road and
the confluence with the Chena River during the 2012 summer. This reach of the slough is
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Figure 5. Cross-section survey of Chena Slough.

approximately 8.7 miles long, and was selected for the hydraulic analysis based on the
predominant Elodea growth (Larsen, in preparation). The HEC-RAS hydraulic analysis
software program used for this study has a feature that interpolates cross-sections between two
bounding cross-sections. This feature was used to add an additional 24 cross-sections to the
model, which improves the model performance and stability (Figure 6).

Figure 6. Partial map of HEC-RAS cross-section locations used in the HEC-RAS model.
Cross-sections marked with an asterisk * were interpolated.
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The surveyed water surface elevations at each cross-section are important components for
improving the accuracy of the hydraulic analysis. The water surface elevations were used to:
calibrate the HEC-RAS hydraulic model using the coincident discharge, provide the water
surface slope for estimating Manning’s n from a discharge measurement, and provide a slope for
the downstream boundary condition normal depth computation.
In addition to the cross-sections, the HEC-RAS program can model bridge and culvert openings.
We surveyed the existing culverts to obtain geometric data for the model: data includes location,
culvert length, width, slope, embankment geometry, and depth of fill.

RESULTS
Hydrologic Analysis
The stilling wells and Leveloggers operated from June 20 to October 11, 2012, when they were
removed from the slough. Data from the pressure transducers were used to create stage
hydrographs for both stations (Figure 7).
6

Chena Slough Gaging Stations
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Figure 7. Stage hydrographs for Peede and Plack Road gaging stations.

At Peede Road, a temporary increase in depth of more than two feet was recorded from August
12 to August 22. The stage anomaly was attributed to a beaver dam constructed at the Peede
Road culvert inlet, which caused the water to back up for a few days before the dam was
dismantled. For development of the discharge hydrograph, the anomalous readings were deleted
and replaced by a synthesized straight-line.
Rating curves were developed to show the relationship between stage and discharge at the two
gaging stations. The streamflow measurements at each location were plotted versus the
accompanying stage, and a best-ft line was drawn through the points (Figure 8).
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Figure 8. Rating curves for Peede and Plack Road gaging stations.

The rating curves were used to develop a continuous streamflow record, or hydrograph, from the
stage data records. The hydrographs for Peede Road and Plack Road are shown in Figure 9. In
addition, the hydrograph for the Tanana River at Fairbanks (USGS Gaging Station 15485500) for
the same period of time is also included.
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Figure 9. Discharge hydrographs for Chena Slough and Tanana River at Fairbanks.
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Flow Relationship of the Tanana River to Chena Slough
Physical changes to the Chena Slough over the past 70 years, and the effect of those changes on
the flow of water in the slough, have been described in a number of documents (ADNR, 2006;
Burrows, 1990; COE, 1997; Burrows et al., 2000). Except for some seepage, a floodway sill
groin on Piledriver Slough and the Moose Creek dam block the Tanana River from contributing
surface water flow to Chena Slough (USGS, 2000). The substrate near the slough is generally
considered highly permeable, with an unconfined aquifer. The flow of groundwater in this
aquifer is from the Tanana River toward the northwest. As such, a shallow water table in the
Chena Slough area provides a continual movement of water into the slough.
Though large reductions in discharge were noted in the Chena Slough from the 1940s to the
1970s, typical summer flows seem to have stabilized somewhat in the past 30 years. Discharge
measurements made at various locations on the slough by the USGS in the 1970s are similar in
magnitude to those made by the USGS in the 2000s and those made during 2012 for this study.
To better understand the relationship between the Tanana River and Chena Slough flow rates, the
following analysis was conducted. Using 15-minute flow data for the Tanana River from May 1
to October 11, we calculated the moving average from June 1 to October 11, which uses the
unweighted mean of the previous n number of days. A moving average is commonly used with
time series data to smooth out short-term fluctuations. We constructed hydrographs based on the
moving average discharge of Tanana River for various time periods, and compared them to the
Chena Slough hydrographs. The shape of the Tanana River hydrograph using a 31-day moving
average appears to mimic the shapes of the Peede Road and Plack Road hydrographs more
closely than other time periods (Figure 10).
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Figure 10. Discharge hydrographs for Chena Slough and Tanana River.
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Chena Slough Average Velocity
The stage hydrographs were used to estimate travel time and average water velocity
between the two gaging stations. Data records were examined to determine individual
peak stage elevations for several peaks during the course of the summer, and the times of
those peaks at both stations. The difference between the two times provides the travel
time; the distance between the gaging stations is used to estimate average channel
velocity.
Table 2. Calculated travel times and average velocity from Plack to Peede Road.
Plack Road
date time stage (ft)
6/27 20:43
2.08
7/26 20:39
2.24
7/30 04:39
2.27
8/11 01:24
2.32
9/26 15:03
1.82

Peede Road
Travel Time Average Velocity
date time stage (ft)
(hr min)
(ft/s)
6/28 12:25
3.19
15h 42m
0.53
7/27 16:31
3.44
19h 52m
0.42
7/30 21:31
3.48
26h 10m
0.32
8/12 02:34
3.50
25h 10m
0.33
9/27 08:56
3.19
17h 53m
0.46

Chena Slough Flow Duration
Flow duration curves, developed from the streamflow data, are used to display the relationship
between streamflow and the percentage of time it is exceeded. The development and evaluation
of flow duration curves can provide specific answers, such as what percentage of time the daily
flow on a stream is at or above some critical level. Such information might be used by scientists
for various treatment or management purposes. For example, the period of time that a flow rate
exists above or below a threshold may be useful when assessing the use of aquatic herbicides.
The flow duration curve for the Chena Slough was developed using the existing data for the
period from June 20 to September 30, 2012. To supplement the hydrographs, a statistical
technique was utilized to estimate flow from June 1 to June 20. Regression analyses were used
to estimate the relationship between two variables: 1) the running 31-day flow average for the
Tanana River, and 2) the flow at the Chena Slough gaging station. See Appendix B for the
regression analyses for both Chena Slough gaging stations. The discharge relationship between
the Tanana River (independent variable) and the Chena Slough Plack Road (dependent variable)
appears much stronger than for Tanana River-Chena Slough Peede Road. The greater distance
from the Tanana River to the Peede Road gaging station results in longer lag times between the
two streams, and creates a hysteresis effect that complicates the discharge relationship, especially
during quickly rising or falling stages. Additionally, a tributary canal adds flow to the slough
between Plack and Peede Roads, and may also affect the discharge relationship between the two
streams. Caution is advised when attempting to quantify such relationships from limited data
sets.
The coefficient of determination indicates a somewhat stronger relationship for the Tanana
River-Plack Road analysis than for the Tanana River-Peede Road analysis. As such, the power
equation was used to synthesize discharge data for the Plack Road gaging station from the
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Tanana River 31-day average, for the period from June 1 to June 20. These data were combined
with the measured data to create a flow period of record from June 1 to September 30, 2012.
For the Plack Road gaging station, flows of a given duration were sorted into class intervals
based on size. The number of flow values within each class interval was counted and expressed
as a percentage of the total number sorted. Beginning with the largest discharge, percentages
were summed to obtain cumulative percentages of time (days) above the lower limit of each
class. After the cumulative frequencies were computed, the data were plotted on a normal
probability graph (Figure 11). It is important to note that flow-duration curves constructed with
very short periods of record should be used with caution.
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Figure 11. Flow duration curve for Chena Slough at Plack Road.

HYDRAULIC ANALYSIS
The hydraulic analysis for Chena Slough consisted of modeling the flow characteristics using the
U.S. Army Corps of Engineers Hydrologic Engineering Center water surface profiling computer
program HEC-RAS version 4.0 for the existing structure. The basic computational procedure for
the HEC-RAS program is based on the solution of the one-dimensional energy equation. Energy
losses are evaluated by friction (Manning’s equation) and contraction/expansion. The
momentum equation is utilized in situations where the water surface profile is rapidly varied,
such as at bridges (USACE, 1998).
Numeric models of study sites are created using stream geometric data, including cross-sections
and other topographic information. The floodplain and channel cross-sections surveyed and
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interpolated for this project, and the road embankment and culverts surveyed at each road
crossing, were used to create the Chena Slough numerical model.
Cross-sections and road crossings are spatially located in the model by river stationing.
Stationing begins at 0 feet (zero feet) at the downstream end, which is the confluence of the
Chena Slough and the Chena River. The upstream cross-section in the model is at River Station
45882 feet, which is 87 feet upstream of the Plack Road crossing.
Channel and floodplain roughness coefficients were determined by calibrating the model using
the discharge measurement and surveyed water surface elevations made on June 20-21, 2012,
and were based on engineering judgment and values found in Chow (1959), FHWA (1961), and
FHWA (1996). Once the models are constructed and calibrated, estimations of channel
velocities and stage are calculated for each cross-section for the range of selected flows.
In the existing conditions and potential design HEC-RAS models, the modeled flow in the
slough represents ‘typical’ summer flow. Based on measurements made for this project, and the
USGS measurements found in Appendix A, the modeled flow increases downstream (Table 3).
Table 3. Increase in downstream flow used in the HEC-RAS models.
Modeled Discharge River Station
(cfs)
(feet)
20.1
45882
42.3
27098
52.1
22498
63.2
3200

Approximate Location
upstream of Plack Road
downstream of Repp Road
upstream of Nordale Road
upstream of Persinger Drive

In the HEC-RAS model, boundary conditions are necessary to establish the starting water surface
at the ends of the river system. In a subcritical flow regime such as the Chena Slough, boundary
conditions are only necessary at the downstream end. For the HEC-RAS models below, the
downstream boundary condition was assigned a water surface elevation of 454.3 feet, which was
based on our survey data.
The water surface elevation at the confluence varies over time, as flow rates in both the Chena
River and the Chena Slough change. As such, the Chena River discharge will affect both the
water surface profile and channel velocity of the Chena Slough for a short distance upstream.
HEC-RAS analyses show that the effects of lower water conditions (-1 ft) in the Chena River
may affect the Chena Slough water surface profile for 12,000 feet or so upstream. Higher water
level conditions in the Chena River (+1 ft) may affect the water surface profile upstream to the
Peede Road crossing, at River Station 16005 feet. Modeling results upstream of Peede Road are
likely not affected by the range of normal flow conditions in the Chena River.

Model EC-Existing Conditions
The initial hydraulic analysis consists of establishing the existing conditions in the slough,
including water surface elevations and average channel velocities.
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Model EC Results: Results are found in Figure 12, including water surface elevation, average
velocity, and travel time. These results will provide a baseline for comparison to the potential
design models to be presented below.
The channel velocity for much of the reach is in the range of 0.1 to 0.5 feet per second (ft/s),
which is very slow. Velocities increase in some reaches just upstream of culverts where
sediment has been deposited, reducing the channel capacity. The travel time for water from just
above Plack Road to the Chena River confluence is 68 hours, and the average velocity is 0.19
ft/s.
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Figure 12. HEC-RAS results for Existing Conditions Model EC, including water surface elevation, channel
velocity, and travel time.
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POTENTIAL CHANNEL MODIFICATIONS
As mentioned earlier, a range of potentially effective options to control the Elodea growth and
improve habitat conditions within the Chena Slough have been proposed. Elodea growth has
been directly attributed to low water velocities and warmer temperature. To increase water
velocity, several channel modifications have been proposed, including: culvert replacement,
channel narrowing, vegetation clearing, channel deepening, flow modification, and others.
A hydraulic analysis is required to determine if such modifications would increase flow velocity
fast enough and long enough to improve fish habitat conditions and eliminate the channel
characteristics that promote Elodea growth. To test the range of potential designs, the existing
HEC-RAS model was used. Model geometry is easily changed to replicate the desired channel
or flow modification. The results from each modification can be compared to the hydraulic
characteristics for the existing conditions by analyzing the changes to the water surface elevation
profile, average channel velocities and travel time. For each graph below, the results from the
Existing Conditions model are shown in black line; the Modified Conditions analyses are shown
in cyan.

Model A-All Culverts Removed
In previous reports describing the conditions in the Chena Slough, culverts have been cited as
one of the contributing factors for the decline of the aquatic habitat. Small diameter culverts and
their associated road embankments act to constrict the channel and slow water velocity. As
velocity slows, sediment is deposited upstream of the crossings, water temperatures increase, and
both native (Hippuris vulgaris) and non-native vegetation (Elodea) is aggressively invading the
channel, slowing the velocity even more. Culvert replacement projects have focused on replacing
small diameter culverts with either large diameter culverts or bridges. The effects on fish
passage for such projects are generally well-documented. To analyze the larger effects of culvert
replacement on the average channel velocity in the Chena Slough, Model A was developed.
Model A utilized all the cross-sections from the EC model, but the existing culverts and road
crossing embankments were removed from the model. Results are found in Figure 13.
Model A Results: The hydraulic characteristics, including average channel velocity, water
surface elevations, and travel time, are essentially unchanged when compared to the Model EC
(existing conditions). This indicates that, when all other conditions are unchanged, the slow
water velocities are not due to road crossings and small culvert diameters, but the overall friction
in the channel. Though channel restrictions likely contributed to the impaired condition over a
long period of time, simple replacement or even removal of culverts will not result in immediate
improvements (increased water velocities) for the study reach.
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Figure 13. HEC-RAS results for No Culverts Model A, including water surface elevation, channel velocity,
and travel time.

17
Hydraulic Mapping
And Modeling

Chena Slough
Hydrologic & Hydraulic analysis

Model B-Harvest Aquatic Vegetation in Channel
As noted in several reports, the invasion of Elodea into the Chena Slough has exacerbated the
decline of aquatic habitat. By acting as a physical obstacle, the dense vegetation beds, including
Elodea and Hippuris, are likely responsible for reducing the velocity and flow rate in the slough.
The effect of the dense vegetation on water velocity is represented in the EC model by the
Manning’s n roughness coefficient. In calibration, the roughness coefficient is increased such
that the modeled water surface elevations match or agree with observed (surveyed) elevations.
One of the proposed Elodea control methods is to remove the plants using mechanical methods.
Several different methods of plant removal (harvesting) have been used for similar projects. In
some locations, cut plants are removed from the water by a floating harvester with a conveyance
belt system, and stored on the harvester until disposal on shore (Beattie et al., 2011). Other
methods utilize a diver-operated suction dredge to remove the plants; this method has been
recently tested on the Chena Slough. The purpose of diver dredging is to remove all parts of the
plant, including the roots (Beattie et al., 2011). Plant harvesting will also have the effect of
reducing channel friction and increasing water velocity.
To analyze the effects of Elodea harvesting in the Chena Slough, Model B was developed.
Model B utilized all the cross-sections, existing culverts and embankments from the EC model.
However, each cross-section was modified to include a centered 50-ft wide low friction channel.
Based on published values (Chow, 1959) for a clean gravel uniform section, a low Manning’s n
value of 0.025 was used for the 50-ft channel. This channel models a vegetation harvesting
effort of approximately 52 acres in size conducted along the entire study reach. On either side of
the 50-ft channel, an ‘n’ value of 0.1 was used to represent a channel with extremely dense
vegetation (high friction). Results are found in Figure 14.
Model B Results: The hydraulic characteristics, including average channel velocity, water
surface elevations, and travel time, are significantly changed when compared to Model EC. Peak
channel velocities range between 3 and 4 ft/s, and the travel time has been reduced from 68 hours
to 32 hours. The average channel velocity has increased from 0.19 to 0.40 ft/s.
Note that the selection of representative Manning’s n values is somewhat subjective, especially
for a hypothetical situation that cannot be calibrated (i.e. a low-friction plant-harvested channel).
The use of different ‘n’ values will vary the results to some degree.
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Figure 14. HEC-RAS results for harvested-vegetation Model B, including water surface elevation,
channel velocity, and travel time.
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Model C-Dredge Channel
Another factor that has been implicated in the decline of the Chena Slough is deposition of silt
and other material on top of the channel bed, resulting from culverts which were placed higher
than the channel invert. By creating ponding conditions upstream of culverts, water velocities
are slowed and sediment drops out. These areas of deposition near the road crossings can be
seen in the Model EC channel bed profile in Figure 12, especially in the reach just upstream of
the culverted road crossings.
In a discussion of soils in the study area, the U.S. Corps of Engineers notes that swale and slough
deposits “consist of poorly stratified layers and lenses of well-sorted stream-laid silt and sandy
silt. This material accumulates in former stream channels, and marshy or boggy conditions
prevail throughout the summer (COE, 1997).” It is unclear if other sources, such as tributaries or
constructed ditches, contribute additional sediment to the slough.
To analyze the effects of removing sediment deposits at road crossings, Model C was developed.
Model C incorporated several potential channel modifications, including the 50-ft wide channel
cleared of vegetation similar to Model B, the removal of bed material in that 50-foot wide
channel in three locations, and the replacement of culverts at two crossings. Sediment is
removed (bed is lowered) from: 1) Peede Road upstream for approximately 2,900 feet, 2) a point
2,000 feet upstream from Nordale Road for approximately 9,600 feet, and 3) Repp Road
upstream for approximately 300 feet. Excavation depths range from 1 to 6 feet depending on
location. Existing culverts were replaced in the model at Peede and Repp Roads with larger
diameter culverts, and inverts for the two new culverts were lowered. Results are found in
Figure 15.
Model C Results: Changes to the hydraulic characteristics, including average channel velocity,
water surface elevations, and travel time, are small when compared to Model B. Peak channel
velocities are slightly higher and range between 3 and 4.2 ft/s. Similarly, the travel time has
been reduced from 32 hours to 28 hours. The average channel velocity has increased from 0.40
to 0.46 ft/s.
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Figure 15. HEC-RAS results for dredged channel Model C, including water surface elevation, channel
velocity, and travel time.
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Model D-Flushing Flow
Several previous reports have recommended either supplementing the flow in Chena Slough with
water from another stream, or introducing a ‘flushing flow’ for several days during the summer.
Additional flows would theoretically flush out vegetation and clear algae mats and sediment
fines from gravel riffles.
One report recommends diverting water from Moose Creek to Chena Slough in an effort to
double the existing discharge to a proposed 140-180 cfs (ADNR, 2006). A report from the US
Army Corps of Engineers proposes the introduction of a flushing flow of 8 m3/s (282 cfs) of
water from the Chena River through a ditch running parallel to Repp Road, for a period of 3 days
each year (COE, 1997). Neither report includes any additional information describing as to how
those specific flow values were determined.
To analyze the effects of supplemental flows in the Chena Slough, Model D was constructed by
modifying the EC model with a flow regime that increases to 282 cfs at the first cross-section
downstream of Plack Road (Figure 16).
Model D Results: Changes to the hydraulic characteristics occur downstream from the Repp
Road culvert, where the supplemental flushing flows are added in the model. Water surface
elevations increase by 1 to 2 feet along most of the channel reach downstream from Plack Road,
and average channel velocities range between 3 and 4.2 ft/s. The travel time has been reduced
from 68 hours to 52 hours. The average channel velocity is 0.24 ft/s; most of the increase in
average velocity from existing conditions occurs between Repp Road and Nordale Road.
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Figure 16. HEC-RAS results for flushing flows Model D, including water surface elevation, channel
velocity, and travel time.
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DISCUSSION
It is important to note that the hydrologic analyses conducted for this report were based on field
data collected during an extremely short time period, from June 20 to October 11, 2012. The
degree to which a data record is representative of a hydrologic regime is difficult to determine;
however, it is safe to assume a long multi-year period is much preferred to a short period. The
reader of this report is advised to use the hydrologic analyses presented here with caution.
Water flowing down a channel is acted on by two forces, gravity and friction. The velocity is
determined by the shape of the channel, the channel slope and the channel friction. Channel
restrictions such as culverted embankments and beaver dams will affect the water surface profile
upstream from each restriction for a short distance. When other characteristics such as slope
remain constant, average velocity through the entire reach will be controlled by the channel
resistance.
Undersized culverts have long been identified with fish passage problems and habitat
fragmentation, and actions to replace small culverts with larger diameter culverts and bridges
have likely improved fish passage conditions at their respective locations. However, the
hydraulic analysis indicates that any effort to increase water velocity throughout the length of the
slough will require either reductions in channel resistance, or an increase to the flow.
Previous suggestions for improving hydraulic conditions have included a plan to narrow the
channel with fill. However, the potential to increase velocity by changing the channel geometry
through a constructed decrease in the width/depth ratio is extremely small. The Manning’s
equation can be used to estimate changes to velocity from changes in channel geometry. For
example, consider the increase in velocity that would occur solely based on a change to channel
shape. With slope and roughness the same, changing a 100-ft wide channel 2 feet deep (W/D
ratio = 50) to a 50-ft wide channel 2 feet deep (W/D ratio = 25) results in a calculated velocity
increase of 3 percent. Hydraulic analysis indicates that attempting to increase channel velocity
by physically reducing the channel width is ineffective.
Reducing channel resistance by clearing a 50-foot wide swath of all aquatic vegetation appears to
have a significant impact on average channel velocity. This option has some advantages to the
other options analyzed in this report, including the lack of earthwork or other construction
activities such as dredging or culvert replacement. However, additional analysis is required. Are
the modeled velocities fast enough to discourage the growth of Elodea? How long will it take
aquatic vegetation to re-colonize the cleared swath? Is there a way to prevent downstream
contamination of Elodea fragments during the harvesting process?
One aspect of the channel hydrology that was not included in the hydraulic analysis is the
potential for additional flow as channel resistance is lowered. In the study area, the flow of
groundwater is from the Tanana River toward the northwest (Nelson, 1978; Glass et al., 1996).
As such, groundwater continually moves into the slough from the shallow aquifer. The level of
that aquifer determines how much water enters the channel (Figure 17).
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Figure 17. Geohydrologic cross-section of Tanana-Chena alluvial plain, showing surface-watergroundwater interaction. Modified from Burrows et al., 2000.

This condition essentially prevents the water in the slough from being ‘drawn down’ through
pumping, as there is a continuous supply of groundwater seeping in (under normal conditions).
Channel improvements that result in faster water velocities will also create lower water surface
elevations for the same amount of flow. However, the flow will likely increase (if the water
table does not change), as the decreased water surface elevation will result in more groundwater
seeping into the channel. A small increase in water velocity will also occur with the increased
flow rate.
The tendency of this system to maintain a water surface elevation based on adjacent groundwater
elevation rather than channel depth also has implications for how proposed channel
modifications may affect recreational users of the slough. Canoeists and kayakers currently
encounter difficult paddling conditions in the slough, including low velocities, shallow water,
and paddle-grabbing thick vegetation. As a result of faster water velocities and removal of the
extensive mats of aquatic vegetation, the potential for increased flow rates (as described above)
should result in a center-channel water column that is as deep or deeper than current conditions,
and much more boater-friendly.
As peak flows have lessened in the Chena Slough over time, its ability to transport sediment has
been diminished. As a result, sediment transported into the channel by tributary channels has
accumulated, significantly impacting the aquatic ecosystem. A proposed solution to the problem
of sediment deposition is the planned release of high-magnitude, short-duration flow events,
termed flushing flows. Flushing flows are intended to mimic flow peaks, initiate bedload
transport, and flush fine sediments, thereby improving the aquatic ecosystem.
A flushing flow (Model D) was analyzed and found to result in increased water velocities and
elevations. However, additional analysis is required to determine if such flushing flows would
have enough energy to transport channel sediment effectively, and if so, what flow magnitudes
and time periods are required for long-term maintenance of a relatively fines-free gravel bed.
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ADDITIONAL WORK
Additional data collection, research, and analysis are needed to continue the evaluation of
potential channel modifications. Specific items are outlined below:
•

Additional cross-sections would improve the accuracy of the HEC-RAS hydraulic model.
Cross-section spacing could be decreased with additional sections that are 0.5 feet or less
in water surface elevation difference. More cross-section surveys could also improve the
analysis at channel restrictions, including road embankments and beaver dams.

•

Additional stream gaging would provide a second season of flow data and improve the
understanding of the Chena Slough hydrology. Additional flow measurements are
needed at the start of the summer and during flood flows on the Tanana River.

•

There are several potential methods for temporarily augmenting flow in the Chena
Slough. As these techniques can be expensive or difficult to implement, additional
analyses should be conducted to determine if such flows would successfully ‘flush’ the
organic rich fine-grained sediments from the channel. Sediment sampling is required to
determine the particle size range, depth, and location of the material to be removed. A
sediment transport analysis is used to evaluate the mobility of the channel bed material,
by comparing the hydraulic shear stress (computed from the hydraulic model) and the
critical shear stress of the sediment material. The analysis should estimate how far down
the channel the sediment will be transported before falling out of suspension during the
flushing period. Finally, the watershed should be studied to determine if and where
currently active channel sediment sources are located.

•

If channel dredging is proposed, additional geotechnical sampling of the channel bed is
required to define the bed materials and layer thicknesses. Additional channel surveys
are also required to improve estimates of the required excavation. Reportable
concentrations of trace elements and organic compounds have been detected in sediment
samples from the Chena Slough (Kennedy and Hall, 2009). Additional analysis is
required before any channel dredging occurs to determine if dredging of contaminated
sediments poses a threat to water quality or aquatic life.
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Appendix A-USGS Discharge Measurements on Chena Slough
Date

Location

8/3/66
5/19/70
5/14/73
7/6/73
7/30/73
5/19/76
5/19/76
5/19/76
4/24/80
4/28/80
6/14/02
6/20/02
6/20/02
6/21/02
6/26/02
6/26/02
6/27/02
6/28/02
6/28/02
7/11/02
7/12/02
7/12/02
8/8/02
8/8/02
8/19/02
9/27/02
9/27/02
12/20/02
12/20/02
12/20/02
2/21/03
3/18/03
3/25/03
4/25/03
6/11/03
6/11/03
7/10/03
7/30/03
8/26/03
8/26/03
8/26/03
5/19/04
6/16/04
7/15/04

CS (Moose Springs Slough)
CS at Richardson Hwy
CS nr North Pole
CS
CS
CS at Plack
CS at Richardson Hwy
CS at Hurst
CS CS-1
CS at Mission
CS at Miles/Hurst
CS at Hrst
CS at Airway Drive
CS at Doughchee
CS at Nordale
CS at Brock
CS at Mission
CS at Persinger
CS at Bradway
CS at Doughchee
CS at Brock
CS at Airway Drive
CS at Nordale
CS at Airway Drive
CS Canal C
CS at Miles
CS at Doughchee
CS at Miles
CS at Doughchee
CS at Airway Drive
CS at Airway Drive
CS at Airway Drive
CS at Airway Drive
CS at Airway Drive
CS at Hurst
CS at Persinger
CS at Airway Drive
CS at Airway Drive
CS at Miles
CS at Doughchee
CS at Airway Drive
CS at Airway Drive
CS at Airway Drive
CS at Airway Drive

Discharge (cfs)
10.6
5.123
42.3
50.8
52.8
24
5.14
23.8
24.6
3.03
6.64
27.7
27.16
15.21
50.23
27.5
1.97
63.17
42.3
6.86
33.51
25.6
55
22.97
4.93
8.53
6.3
4.97
5.41
21.39
19.6
18.93
17.36
22.79
12.02
53.44
16.025
39.92
9.45
5.32
28.938
23.29
26.168
26.66
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Appendix B-Regression Analysis, Tanana River 31-day Average
Discharge and Chena Slough Discharge
28
Chena Slough-Plack Road Discharge (cfs)

Tanana River 31-day Average Discharge vs Plack Road Discharge
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