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Executive Summary
The objective of this report was to conduct a geomorphic assessment of the impacts of
groundwater changes on the wetlands and grasslands along the valley floor and
evaluate the current characteristics of the Roaring Fork River within the North Star
Nature Preserve upstream of the City of Aspen, Pitkin County, Colorado. The
assessment used existing literature, aerial photographs, topographic mapping and a field
evaluation to complete the analysis.
The study area on the North Star Nature Preserve extended from the Smith Open Space
downstream to near Highway 82 and Stillwater Road. There is approximately 4900 feet
of Roaring Fork River in the study area. In addition there is a large wetland, a small
pond and marsh and several old river oxbows that support wetland plant communities.
The large wetland in the northwest section of the North Star is maintained mainly by
surface runoff from the hill slope and groundwater. The water flows from the wetland to
the river during most months of the year. Two main ditches connecting the wetlands to
the river were examined in the field. One of the ditches extends from the northeastern
corner of the wetlands and one extends from the middle of the wetlands. The northern
ditch appears to be two ditches that join a short distance from the wetlands. The ditch is
relatively small and shallow at the western end, but deepens and narrows slightly toward
the river. There is a significant drop in the bed elevation of the ditch between the
wetlands and the river. The southern ditch is significantly larger than the northern ditch.
Several of the reports reviewed for this study indicated that the river was channelized
after John H. Smith purchased the property in 1949. The historical maps and aerial
photography show that the rivers relatively straight channel was present as far back as
1893 and that the oxbows were disconnected at least that long ago. The river channel
has remained in nearly the same location for the past century. The river is now adjusted
to a much different flow and sediment regime than with historical flow conditions since
trans basin diversions have reduced the peak flows.
The entire length of the Roaring Fork River in the North Star was walked during the site
visit. Several instream structures were observed during the field visit. Although it is
unclear what the purpose of the structures was, it is likely that they were constructed
either as grade control to counter the perceived channel degradation associated with
assumed channel straightening or as some sort of feature that would create additional
fish habitat. Regardless, it is apparent that these structures are no longer functional and
are, instead, causing upstream low flow backwatering and sediment aggradation at their
respective locations and, thus, may have actually reduced the amount of usable aquatic
habitat at those locations.
Other riverine features within the project reach that were examined include three primary
abandoned meander bends on the floodplain in the center of the valley along the west
side of the river that were likely the result of meander cutoffs that took place before the
mining and settlement of the valley. There are also a number of meander scars on the
valley floor that are significantly older and of less significance than the three primary
cutoffs.

	
  

Recommendations
There are a number of recommendations for maintaining water levels within the project
area wetlands and for maintaining and increasing the usable aquatic and riparian habitat
along the project reach of the Roaring Fork River.
In order to help maintain ground water levels within the main wetlands and marsh lands
in the northwest corner of the North Star Nature Preserve, we would recommend the
following:
•
•

•

Every attempt should be made to actively discourage any activity that would
result in draining of the wetlands.
The current headgates on the ditches that connect the wetlands to the river as
well as the headgate at the diversion between the wetlands and the Stillwater
Ranch ponds should remain closed.
If possible, replace the existing old headgates and dams on the connecting
ditches with impermeable dams and new headgates or overflow structures. The
new dams should be low enough to allow overflow from the river into the ditches
and wetlands during high flow, but should be high enough that the water level in
the wetlands remains at a constant level that is optimal for the health of the
wetlands. The overflow height should be determined from surveys of water
surface elevations during normal high and low flow conditions. The structure
height should be several inches lower than normal river high flow to allow the
wetland to fill from river flow. The structure should be set to maintain the wetland
water surface approximately 1.0 to 1.5 feet higher than low flow river conditions.
The actual height should be determined from field conditions. A continuous base
flow from the wetlands into the river should be maintained and can be done by
balancing the outflow to the river with the inflow to the wetlands from the
hillslopes and regional groundwater system. This balance can be determined
through monitoring of the water level within the wetlands over time and adjusting
the outflow to the river as necessary.

The water levels in the wetlands and the marsh lands associated with the cutoff
meander bends are tied to the shallow groundwater table as well as from inputs from the
river. As with the main wetlands, the shallow groundwater table around the cutoffs is
maintained by surface and surface spring runoff from the nearby hillslopes, by the
regional groundwater table, and by overbank and subsurface inputs from the river during
spring runoff. During high spring flows on the river, surface flow from the river could spill
over into the lower portions of the cutoff meanders if there were no man-made berms
across their confluences. Therefore, we recommend that any artificial berms placed
across the confluences of the lower limbs of the three cutoff meanders be removed such
that even moderate flows are able to into the lower limbs of the cutoff meander bends.
The height of the connection at the confluence should be determined by field
measurement during high, mid and low flow conditions. Removal of the man-made
berms would also allow for some reconnection of the river with its floodplain. The
reconnection with the river would allow water to move from the river to the meanders
during high flow. This would help to maintain and promote wetland vegetation in the
cutoff meanders. The infiltration of the water into the soil as flows recede could add to
the ground water and late summer river recharge.

	
  

Some of the reviewed literature for this project recommends reestablishing the cutoff
meander bends on the valley floor. This would be extremely problematic, especially
considering that these meander bends were active during a period when the hydrology
of the valley and sediment transport conditions in the river were significantly different
from those of today. Given the current impaired hydrology of the valley, the current
sediment load of the river, and the flat slope of the river through the North Star Nature
Preserve reach, increasing the channel length by restoring one or more meanders would
result in a very flat slope of the river at that site. This would, in turn, induce localized
flooding and excessive aggradation within and upstream of the restoration site and,
more importantly, could destabilize the river upstream.
There are a number of recommendations that can be made to assist in restoring,
creating, and increasing riparian and aquatic habitat along the project Reach of the
Roaring Fork River:
•

Remove all cross-channel rock structures that are currently present in the
channel. These cross channel structures appear to be remnants of an earlier
restoration effort and due to changes over time no longer function as originally
installed. The rocks from these structures could be placed in well spaced
clusters within the channel. These well spaced clusters would not induce
significant upstream degradation like the previous structures. Instead, the
formation of flow separation around the boulders leads to the formation of eddies
or vortices in their wake. These vortices diffuse sunlight and create overhead
cover for fish. They also generate scour that develops pockets of deeper water
and associated coarse substrate that add to the physical diversity of a stream
reach. Fischenich and Seal (2000) provide guidance on the planning, design,
and construction of these types of features.

•

In addition, the rocks from the removed cross-channel structures could be used
to anchor large woody debris strategically placed along the river channel.
Several of the documents reviewed for this report noted the lack of large woody
debris along the river in the project reach and its impact on aquatic habitat.
Large woody debris provides significant habitat for fish, including areas of cover,
refuge, and forage. Large woody debris, in the form of small to moderate sized
native trees, both with and without leaves could be placed along the banks of the
river in areas where good aquatic habitat is minimal or degraded, such as in long,
straight reaches. Fischenich and Marrow (2000), Sylte and Fischenich (2000),
and NRCS (2007) provide guidance on the use of large woody debris (LWD) to
stabilize streambanks and enhance streambank habitat. We would also
recommend that loose woody debris be placed randomly along the river to
provide additional aquatic habitat.

•

There are a number of places along the river that are devoid of any woody
vegetation. Several of these areas have banks that appear raw as a result of
active erosion. In those areas that do contain actively eroding streambanks, the
lower banks are usually composed of unconsolidated, noncohesive sand and
gravel which are overlain by fine-grained, cohesive floodplain soils. Since the
lower bank consists of noncohesive sand and gravel, it is very difficult for
vegetation to become established and remainestablished in those areas.
Therefore, we recommend that in those areas, the bank toe be stabilized using
natural materials such as logs placed along the bank toe, and that the upper
	
  

bank be stabilized using natural components such as fabric encapsulated soil
that can be sprigged with live willow stakes. Sotir and Fischenich (2007) and
NRCS (2007) provide guidance on live stake and joint planting for streambank
erosion control. This method of bank stabilization uses natural materials that will
not only stabilize the bank, but will ultimately reestablish bankline riparian
vegetation which, in turn, will provide additional riparian and aquatic habitat.
Although these recommendations would likely require a significant budget as well as
appropriate permitting to accomplish, the upfront costs should be offset and mitigated by
the long-term advantages of maintain the existing wetlands and restoring in-stream and
floodplain habitat at the locations described above.
We suggest that Pitkin County, through its Healthy Rivers and Streams Board, initiate
discussions with the appropriate city, county, and private entities regarding the above
recommendations to maintain the existing wetlands, reestablish pre-agricultural riparian
conditions along the river and on the floodplain, and enhance stream channel function of
the Roaring Fork River within the North Star Nature Preserve. These initial discussions
could assist these groups to: 1) prioritize the recommended habitat restoration strategies
in this report; 2) begin the process for habitat restoration and wetlands maintenance; and
3) develop a long term strategy for maintaining river and wetlands health and function.

	
  

FINAL REPORT
Geomorphic Assessment of the Roaring Fork River and Impacts of Groundwater
Changes on Wetlands, North Star Nature Preserve, Pitkin County, Colorado
OBJECTIVE
Through a sub-agreement with Miller Ecological Consultants Inc. (MEC), Pitkin County (County)
requested that Ayres Associates Inc. (Ayres) conduct a geomorphic assessment of the impacts
of groundwater changes on the wetlands and grasslands along the valley floor and evaluate the
current characteristics of the Roaring Fork River within the North Star Nature Preserve
upstream of the City of Aspen, Pitkin County, Colorado. It is our understanding that the level of
the shallow groundwater table that maintains the valley floor wetlands within the North Star
Nature Preserve has been slowly dropping, causing the wetlands in the open space to recede
and partially dry up. In addition, it is our understanding that the character and morphology of
the channel of the Roaring Fork River along the project reach is perceived to have changed
over time, both naturally and artificially, and currently provides minimal or degraded aquatic
habitat. This assessment is conducted in support of the Healthy Rivers and Streams Program
(http://www.aspenpitkin.com/Departments/Attorney-Pitkin-County/Healthy-Rivers-andStreams/).
PROJECT AREA
The area to be assessed is primarily contained within the North Star Nature Preserve, which is a
175 acre tract of open space land that is generally bound by the edge of the valley floor to the
west, the Roaring Fork River and State Highway 82 to the east, and extending about a mile from
the Stillwater Ranch development (moraine area) on the north to the James H. Smith North Star
Open Space on the south. The preserve also includes approximately 4,900 feet of the Roaring
Fork River. Figure 1 shows the project area.
BACKGROUND
As indicated in the SOW, the first task was to conduct a brief review of available literature,
maps, and data pertinent to the project reach and geomorphic conditions therein. This included
obtaining and reviewing existing aerial photography and topographic maps covering the project
reach. Historical aerial imagery and USGS topographic maps that were available using Google
Earth Pro (http://www.google.com/earth/businesses/) were also obtained and examined.
Additional data was made available by the City of Aspen/Pitkin County GIS department
(http://www.aspenpitkin.com/Departments/GIS-Mapping/) including 2008 and 2010 aerial
imagery covering the project area. The available 2008 1-ft contour mapping that is available for
the Aspen area does not cover the project area. The only available mapping of the project area
is 10-ft contour mapping, which is not of sufficient detail to be useful.
Background information and other material relevant to the project reach are available primarily
from the Roaring Fork Conservancy website (http://www.roaringfork.org/). One of the principal
documents reviewed was the “State of the Roaring Fork Watershed” report (Clarke et al. 2008).
As stated in the Executive Summary of the report, it “illustrates the current status of the Roaring
Fork Watershed in terms of water quality and quantity and its water dependent eco-systems.”
Detailed information for the Upper Roaring Fork Sub-Watershed, which includes the project
reach, is provided in Chapter 4 of the document (http://www.roaringfork.org/pub/
collaborative/4.1_URF.pdf).
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Figure 1. Location map of the North Star Nature Preserve project area including the Roaring
Fork River near Aspen, Colorado. Flow is from lower right (SE) to upper left (NW).

Clark et al. (2008) and Malone and Emerick (2007) indicate that the in-stream and riparian
habitat quality along this reach of the river (identified as RF3-11) is considered severely
degraded. The poor quality of the habitat is attributed primarily to altered hydrologic conditions
associated with in-basin and trans-mountain diversions, apparent local channelization of the
Roaring Fork River with associated downcutting and bank erosion, degradation of riparian plant
communities along the river, and conversion of riparian habitat on the floodplain to hay
meadows.
Two documents specific to the North Star Preserve that were reviewed included the 2000
Resource Management Plan (Pitkin County Commissioners 2000) and the hydrologic and
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biologic characterization conducted by Hickey et al. (2000). The Resource Management Plan
provides a good description of the morphology of the preserve and provides recommendations
on management actions that can be undertaken to preserve those high quality characteristics
that exist within the preserve as well as actions that will improve degraded conditions. The
characterization of the preserve conducted by Hickey et al. (2000) defines the hydrologic
characteristics of the project area that maintain the shallow groundwater conditions that are so
important to the wetlands within the preserve.
It should be noted that several of the reviewed documents indicate that degradation and erosion
along the project reach of the Roaring Fork River is attributable, in large part, to the cutting off of
stream meanders along the river following the purchase of the property in 1949 by James H.
Smith (see Hickey et al. 2000, Malone and Emerick 2007, Clarke et al. 2008). These
documents state that the apparent cutoffs, which tended to straighten the river channel,
consequently resulted in channel downcutting that contributed to drying out of much of the
adjacent floodplain. However, as will be shown in the following discussion, a number of lines of
evidence tend to dispute these apparent assumptions of recent channel straightening and
consequent degradation of the river within the project area.
MAP AND AERIAL PHOTO ANALYSIS
As part of the review for this project, a number of historic topographic maps and historic aerial
photography were obtained and used to evaluate long-term changes to the Roaring Fork River
and its floodplain within the North Star Nature Preserve. Historic (1893, 1958) and current
(1983) topographic maps were obtained from the USGS’s Historical Topographic Map
Collection website (http://nationalmap.gov/historical/) and its US Topo website
(http://nationalmap.gov/ustopo/), respectively. Digitally registered historic aerial photography
dated 9-7-1999, 9-29-2004, 10-23-2005, 8-31-2006, and 9-23-2011 covering the project reach is
available from Google Earth Pro. Relatively high resolution (1:37,400) aerial photography dated
7/8/1951 covering the project site was available from the USGS via the EarthExplorer website
(http://edcsns17.cr.usgs.gov/NewEarthExplorer/).
Figure 2 shows a comparison of the valley and river planform characteristics for approximately
the same area using the topo maps and aerial photos from 1893, 1951, 1958, 1983, 1999, and
2011. An examination of the valley floor and planform of the Roaring Fork River within the
North Star Nature Preserve over this time period indicates that the river planform has remained
relatively unchanged since 1893 and the meander scars and cutoffs on the floodplain are older
than 1893.
Therefore, the sequence of historic maps and aerial photos would tend to dispute the claim
found in many of the reviewed reports that the meander scars and oxbows on the floodplain
within the North Star Nature Preserve are the result of manmade cutoffs that occurred following
the purchase of the property by James H. Smith in 1949. Additionally, the claim within those
same reports that the cutoffs induced subsequent channel degradation and erosion that may
still be ongoing can also be disputed. Based on the 1893 topo map, it can be concluded that
the meander scars and oxbows currently seen on the floodplain occurred more than 120 years
ago. It is possible, although unlikely, that one or more meander bends may have been cutoff
artificially during the dozen or so years of silver mining in the valley prior to completion of the
1893 topo map. Regardless, it can also be concluded that the current channel has already
adjusted to any cutoffs that may have occurred over 120 years ago. Current conditions along
the project reach of the river, as documented during the site reconnaissance conducted for this
project, would also tend to support this conclusion.
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Figure 2. Comparison of the Roaring Fork River planform in 1893, 1951, 1958, 1983, 1999, and 2011. Red dashed line represent the approximate southern boundary of the Stillwater moraine.

HYDROLOGIC CHARACTERIZATION
A preliminary hydrologic characterization of the North Star Nature Preserve was conducted by
Hickey et al. (2000). There are three components to the North Star hydrologic system, the
regional ground water system, localized riverine recharge by the Roaring Fork River during
spring runoff, and surface and shallow subsurface hillslope runoff to the valley bottom.
It is likely that the Roaring Fork River contributed to the maintenance of the North Star wetlands
prior to the man-made hydrologic changes within the watershed over the last 100 years. During
the spring, overbank flooding of the valley bottom may have been a regular occurrence as a
result of unregulated spring floods. However, these man-made modifications to the watershed
hydrology have resulted in a significant decrease in the number, size, and duration of spring
floods on the river that are able to produce overbank flows. Thus, the river today contributes
little to the maintenance of the valley bottom wetlands and its contribution is probably limited to
partial recharge of the riverine wetlands within nearby cutoff meander bends that are at least still
partially connected to the river.
According to Hickey et al. (2000): “The regional ground water system provides subsurface flow
and also functions as a ground water reservoir. In this capacity, the regional system mediates
and sustains water flow to the overlying valley bottom aquifer. The valley bottom aquifer also
functions as a flow system and reservoir, and helps sustain flow in the Roaring Fork River. In
essence, North Star is a principal ground water discharge area for a large part of the upper
watershed, transmitting water from the hill slopes and regional system to the river. These
inflows to, and outflows from, the valley bottom are important for several reasons: 1) they
provide a relatively constant flow of water to maintain the wetlands of North Star; 2) they may
attenuate peak flows of the river during periods of snowmelt and high runoff; 3) they may store
water for the wetland ecosystem; and 4) they provide base flow to the Roaring Fork River.”
Hickey et al. (2000) noted, based on modeling efforts, that shallow subsurface flow through
unconsolidated sediments on nearby hillslopes is one of the most significant components of
runoff in the Roaring Fork watershed and contributes significantly to the North Star system.
They conclude that the surface and shallow ground water from the surrounding hillslopes,
particularly during the snowmelt runoff period in the spring, is the main factor sustaining the
wetlands along the northeast and southwest margins of North Star, and that flows are from the
hillslopes through the wetland areas across North Star to the river, where they contribute to the
base flow of the river during dry periods.
SITE RECONNAISSANCE AND ASSESSMENT
A site visit to assess the current conditions of the Roaring Fork River and the North Star Nature
Preserve was conducted by the Ayres Project Geomorphologist, Mr. William Spitz, PG, on
Monday, September 12, and Tuesday, September 13, 2011. Mr. Spitz was accompanied by Dr.
William Miller of MEC. The site reconnaissance was conducted by walking and observing much
of the valley floor and river within the North Star Nature Preserve as well as along the northern
end of the James H. Smith North Star Open Space. The conditions and geomorphic
characteristics of the Roaring Fork River, its floodplain, the North Star Nature Preserve wetlands
and marshes, and the alluvial fan areas on the west side of the valley at the foot of Richmond
Hill were documented through the use of field notes and photographs. Flow on the Roaring
Fork River at the USGS gage (09073400) just upstream of the Stillwater Drive bridge during the
site visit was 40 cfs.
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James H. Smith North Star Open Space
Prior to assessing conditions along the river and floodplain within the North Star Nature
Preserve, a brief reconnaissance was made of the sinuous reach of the river at the north end of
the James H. Smith North Star Open Space. This area of the river was examined in order to
make a comparison of conditions and characteristics of the river along the open space with
those of the river within the nature preserve to determine if there is any significant difference
between the reaches. As can be seen in Figure 3, the river at the north end of the open space
is fairly sinuous, contains active bank erosion (Figure 4) associated with active meander bend
migration processes, well developed point (Figure 5) and mid-channel sand and gravel bars,
and in-channel sedimentation (Figure 6) consisting of a wide range of material from silt to
gravel.

Figure 3. Google Earth 2010 image of the Roaring Fork River at the north end of the James H.
Smith North Star Open Space.

Bank heights of the river in the open space reach are generally about 5 to 6 feet. In many
places, the banks are composed of unconsolidated and non-cohesive sand and gravel in the
lower bank position overlain by cohesive, fine grained floodplain soils (Figure 7). Erosion of the
underlying non-cohesive sand and gravel results in the slumping or cantilever failure of the
overlying soil blocks as seen in Figures 4. Depending on the timing, magnitude, and duration of
subsequent high flows, these failed soil blocks may partially or completely protect the erodible
toe of the bank for a period of time.
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Figure 4. View upstream showing bank erosion along the outer bank of a meander bend of the
Roaring Fork River at the north end of the James H. Smith North Star Open Space.

Figure 5. View of a sand and gravel point bar along the inner bank of a meander bend of the
Roaring Fork River at the north end of the James H. Smith North Star Open Space.
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Figure 6. View downstream showing sedimentation along and within the channel of the Roaring
Fork River at the north end of the James H. Smith North Star Open Space.

Figure 7. View of the eroding left bank of the channel of the Roaring Fork River at the north end
of the James H. Smith North Star Open Space. The lower bank consists of non-cohesive sand
and gravel which is overlain by fine grained, relatively cohesive floodplain soils.
North Star Nature Preserve
The North Star Nature Preserve represents the primary area of focus of this assessment.
Within this area are 3 individual features that will be discussed: 1) the Roaring Fork River; 2) the
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abandoned meanders along the valley floor on the west side of the river; and 3) the wetlands at
the northwestern corner of the preserve.
Roaring Fork River
Following the examination of the north end of the James H. Smith North Star Open Space, an
assessment was made of the Roaring Fork River within the North Star Nature Preserve.
Channel conditions along the Roaring Fork River within the nature preserve are comparable to
those within the open space. Bank heights are similar, generally ranging from 4 to 6 feet. The
bank strata is similar in that in many places, the lower bank consists of unconsolidated, noncohesive sand and gravel overlain by fine grained, cohesive floodplain soils that fail as blocks
along the bank when the underlying sediments are eroded away (Figure 8).

Figure 8. View downstream along the eroding right bank of the channel of the Roaring Fork
River within the North Star Nature Preserve. The lower bank consists of non-cohesive sand and
gravel which is overlain by fine grained, relatively cohesive floodplain soils.

The river channel along the nature preserve reach is generally stable with little bank erosion
present except along the outer banks of some well developed meander bends. The bank
erosion that is occurring along the outer banks of most meander bends is slow as indicated by
the lack of significant meander bend movement noted in the historic aerial photo and map
comparison (see Figure 2). Apparent bank erosion in other locations is, likewise, very slow.
Figure 9 shows the channel, generally stable outer bank, and the sand and gravel point bar at a
well developed meander bend located at about the middle of the project reach.
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Figure 9. View looking upstream showing the generally stable left bank and well developed
right bank point bar along a meander bend of the Roaring Fork River at about the middle of the
project reach of the North Star Nature Preserve.

In some locations along the river, a very fine grained, highly cohesive unit crops out
intermittently along the lower part of the banks of the river (Figure 10). This unit is fairly
resistant to erosion, and, where exposed, especially along the outer bank of a bend, creates a
deep pool due to scour along the toe of the cohesive bank. This cohesive unit may be the
remnants of sediment deposition in a lake that may have formed upstream of the Stillwater end
moraine prior to breaching of the moraine by the river. The Stillwater end moraine and the
possible development of the lake upstream of the moraine are briefly discussed by Spurr (1898)
and Bryant (1979). If the lake did exist, coarser sediments would have been deposited in a
delta at the upstream end of the lake while the very finest fractions would have been transported
further downstream and deposited near the moraine. Depending on how long the lake was
present, a fairly thick lacustrian (i.e., fine grained lake sediment) deposit could have formed.
Once the lake was breached, this lacustrian unit would have been partially eroded as the river
became reestablished and the remaining part of the lacustrian unit would have been buried by
valley sedimentation and floodplain development. Depending on whether it exists, how
extensive it is, and how deep it is in the subsurface, it is possible that this lacustrian unit may be
assisting in maintaining the shallow ground water table within the North Star Nature Preserve.

Figure 10. View looking downstream showing a discontinuous outcrop of fine grained, highly
cohesive sediments, possibly lacustrian in nature, along the right bank of the Roaring Fork River
within the North Star Nature Preserve.
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There are 7 man-made rock structures placed within the river throughout the project reach, the
locations of which are shown in Figure 11. The structures generally appear to be weir-like
structures consisting of a linear pile of large rocks placed in a line straight across the channel or
slightly arched upstream. In most cases, the top of the structures appear to either be or were
lower near the middle and sloped upward toward the ends. In most cases, the structures are
slightly to heavily damaged as a result of excessive scour on the downstream side near the low
point in the structure and displacement of several of the structural rocks in the downstream
direction. Figure 12 shows one of the damaged structures. In addition, most have induced
excessive aggradation on their upstream sides, which is resulting in a significant decrease in
flow velocity (i.e. backwatering) in the upstream channel under low flow conditions. At least 2 of
the structures, one at the upstream end and one at the downstream end of the project reach,
have short segments of rock riprap bank protection associated with them.

Figure 11. View of the North Star Nature Preserve reach of the Roaring Fork River showing the
locations of rock structures placed in the channel.
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Figure 12. View looking downstream from the right bank of the Roaring Fork River, showing
one of the damaged weir-like rock structures within the project reach of the river.

It is not known when the structures were placed in the river, but they appear to be present in the
1999 Google Earth aerial photography. Although it is unclear what the purpose of the structures
was, it is likely that they were constructed either as grade control to counter the perceived
channel degradation associated with assumed channel straightening or as some sort of feature
that would create additional fish habitat. Regardless, it is apparent that these structures are no
longer functional and are, instead, causing upstream low flow backwatering and sediment
aggradation at their respective locations and, thus, may have actually reduced the amount of
usable aquatic habitat at those locations.
Abandoned Meander Bends (Cutoffs)
Other riverine features within the project reach that were examined include three primary
abandoned meander bends on the floodplain in the center of the valley along the west side of
the river (Figure 13) that were likely the result of meander cutoffs that took place before the
mining and settlement of the valley. There are also a number of meander scars on the valley
floor that are significantly older and of less significance than the three primary cutoffs.
It appears that the upstream limbs of the three cutoff bends have sufficiently filled with sediment
that they appear dry most of the time, whereas portions of the bend apex and downstream limbs
of the three bends are still deep enough that they are tied partially to the shallow ground water
table and partially to the flow in the river. These lower lying areas contain marshy ground and
marsh vegetation and, depending on spring runoff and flow in the river, are sometimes partially
filled with water as can be seen in the 2010 aerial photos. Although the downstream limbs of
these cutoffs are sufficiently low enough that spring flows from the river could access them,
man-made berms have been placed across their confluences. These berms were likely put in
place within the last 100 years in an effort to drain the areas for agricultural purposes.
Regardless of the placement of the berms, water levels in the limbs of the cutoffs still fluctuate
with fluctuations in the shallow ground water table and river level.
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Figure 13. Aerial view of the three primary abandoned meander bends (blue lines) and other
meander scars on the valley floor within the North Star Nature Preserve.

Wetlands
The third, and probably the most important component of the North Star Nature Preserve are
the major wetlands in the northwest corner of the preserve and the pond and associated marsh
land to the south of the wetlands between the two west side alluvial fans (see Figure 1). The
main wetlands at the northeast corner of the preserve encompasses about 16.5 acres, whereas
the pond and associated marsh land to the south encompasses an area of about 6-7 acres.
As part of the reconnaissance, a traverse of the northern and eastern boundary of the main
wetlands was conducted to assess the extent and character of the wetlands. The current areal
extent of the wetlands is shown in Figure 14. Figure 15 shows part of the wetlands on the
north side and the water level at the time of the site visit.
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Figure 14. Google Earth 2011 aerial view of the main wetlands and connecting ditches at the
northwest corner of the North Star Nature Preserve.

Figure 15. View to the southeast from the Stillwater moraine showing the main wetlands of the
North Star Nature Preserve.
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Two main ditches connecting the wetlands to the river were examined in the field and can be
seen in Figure 14. One of the ditches extends from the northeastern corner of the wetlands and
one extends from the middle of the wetlands. The northern ditch appears to be two ditches that
coalesce a short distance from the wetlands. The ditch is relatively small (~3-5 feet wide) and
shallow (<1 ft) at the western end, but deepens and narrows slightly toward the river. Although
no headgate was evident along the northern ditch, the density of vegetation along the ditch may
have obscured it from view. Regardless, there is a significant drop in the bed elevation of the
ditch between the wetlands and the river. A small amount of flow from the wetlands to the river
was noted at the time of the reconnaissance.
The southern ditch is significantly larger than the northern ditch as seen in Figure 14. This ditch
is about 20-25 ft wide and, although the depth was not observed, it’s likely that it could be as
much as 3-4 feet depending on the proximity to the river and wetlands. At the time of the site
visit, the water level in the main wetlands appeared to be between 1 and 2 feet above the flow
level in the Roaring Fork River. This is based on the fact that the water level upstream of the
dam and headgate of the southern ditch at its confluence with the river at the time of the site
visit was about 1.5-2 feet above the water level in the river. Given that the confluence of the
ditch is not perched, it is likely that the current bed elevation of the river at the confluence has
been at that elevation since at least the time of the construction of the ditch. Figure 16 shows
the ditch upstream of the dam and headgate and Figure 17 shows the confluence of the ditch
with the river. There was visible outflow (approx. 2-3 few gallons per minute) from the ditch
outfall pipe as well as significant underflow below the pipe into the river at the time of the site
visit (Figure 18).

Figure 16. View to west showing the channel of the southern ditch upstream of the dam and
headgate at the confluence with the Roaring Fork River.
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Figure 17. View to east showing the confluence of the southern ditch with the Roaring Fork
River just downstream of the dam and headgate.

Figure 18. View of seepage flow from and below the outfall pipe at the dam located on the
southern ditch near the confluence with the Roaring fork river. The flow is returned to the river.
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One of these two ditches connecting the wetlands to the river was discussed in a 2005 Aspen
Times newspaper article by Morgan Smith (Smith 2005), the son of James H. Smith. In the
interview, Morgan Smith talks about the construction of the ditch following the purchase of the
North Star property by his father in 1949:
“The other drainage project was the swamp (now wetlands) about a half-mile
from our house. We worked fanatically to complete a ditch from it to the Roaring
Fork, repeatedly getting our tractor stuck, fighting mosquitoes, cursing the thick,
gooey mud. The Barraillers watched, bemused, and occasionally pulled the
tractor out with their team of horses. What they knew - and my father refused to
recognize - was that the swamp was the same level as the river. It wouldn't drain,
no matter how deep the ditch was.”
Additionally, the wetlands are tied to the Stillwater ponds to the north via a diversion structure
located at the north side of the wetlands and situated along the south margin of the Stillwater
moraine (see Figure 14). This is a relatively new diversion structure that is controlled by a major
headgate (Figure 19) and outfall pipe. Water released from the wetlands via the diversion
structure passes down a short drainage into ponds located within the Stillwater Ranch
development. The surface elevation of these ponds appears to be substantially lower than the
surface elevation of the wetlands.

Figure 19. View to south showing major diversion structure and headgate in the Stillwater
moraine used to control outflow from the wetlands into the Stillwater Ranch ponds.

Another major feature of the North Star Nature Preserve is the pond and marsh area just south
of the wetlands along the west side of the valley (see Figure 1). The pond, which is shown in
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Figure 20, may be the one described by Morgan Smith in his 2005 Aspen Times newspaper
article (Smith 2005):
“Although my father had no real ranching experience, he had plenty of ideas,
including draining certain fields to produce more hay. So for $1 a week, my first
job was to empty a beaver pond that would in turn drain the field above it. This
seemed like a good deal. Yank out the beaver dam, let the pond and the field
above it drain, and rake in $1 a week for the rest of the summer. Little did I know
that beavers rebuild their dams every night!”

Figure 19. Aerial photo taken in 2010 showing the extent of the pond and marsh land located
between the west side alluvial fans at about the North Star Nature Preserve.
Geomorphic Assessment of the
Roaring Fork River and Wetlands
North Star Nature Preserve

18

Ayres Associates
December 14, 2011

The linear northeastern edge of the marsh as defined by the red arrows in Figure 20 may be
representative of the location of the beaver dam, and the linear ditch defined by the yellow
arrows in Figure 20 may be the ditch that was dug and maintained by Morgan Smith. Only a
small remnant of the pond remains in Figure 20, while the pond and surrounding marsh land is
dry in the late summer of 2011 as seen in the 2011 Google Earth images. Thus, the pond and
surrounding marsh land is currently a transitory feature dependent on, among other things, the
amount and duration of spring runoff from nearby hillslopes.
SUMMARY AND CONCLUSIONS
As described above, the Roaring Fork River is and has been relatively stable for more than 100
years. Although there are a number of cutoff meander bends on the floodplain within the North
Star Nature Preserve project area, these cutoffs are not contemporary. Instead, they likely
occurred well over a century ago or longer as determined from historic maps and aerial photos.
Although the upper (upstream) limbs of these cutoffs have become naturally disconnected from
the river, the lower (downstream) limbs still have a minor connection to the river and its higher
flows even though there are man-made berms across their confluences.
The characteristics of the Roaring Fork River, such as width, depth, bar development, bed and
bar sedimentation, and bank erosion within the North Star Nature Preserve are little different
from those seen on the river within the north end of the James H. Smith North Star Open Space.
Bank erosion within the project reach is not significant and, based on the map and aerial photo
analysis, it can be concluded that the river is not actively migrating. Current conditions suggest
that the river may be slightly aggradational as a result of the significant change in the hydrology
of the watershed (e.g. reduced frequency, magnitude, and duration of spring flood flows;
reduced summer base flows) as well as the increase in sediment load resulting from the erosion
of roadside drains, erosion and runoff of sediment from dirt roads and driveways, and from
sanding operations within the valley.
As indicated by Hickey et al. (2000), the formation, distribution, and maintenance of the main
wetlands and marsh lands in the project area are the direct result of surface and shallow
groundwater flow from the hillslopes of the mountains on the west side of the valley during
spring runoff. The wetlands also receive secondary input from the regional groundwater
system, while infrequent overbank flows from the Roaring Fork River during spring runoff may
contribute a minimal amount to the system. Instead, flow from the wetlands to the river occurs
for much of the summer providing a base flow to the river during normal years and a buffering
flow to the river during dry years.
RECOMMENDATIONS
There are a number of recommendations for maintaining water levels within the project area
wetlands and for maintaining and increasing the usable aquatic and riparian habitat along the
project reach of the Roaring Fork River.
In order to help maintain ground water levels within the main wetlands and marsh lands in the
northwest corner of the North Star Nature Preserve, we would recommend the following:
•

Every attempt should be made to actively discourage any activity that would result in
draining of the wetlands.
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•

The headgates on the ditches that connect the wetlands to the river as well as the
headgate at the diversion between the wetlands and the Stillwater Ranch ponds should
remain closed.

•

If possible, replace the existing old headgates and dams on the connecting ditches with
impermeable dams and new headgates or overflow structures. The new dams should
be low enough to allow overflow from the river into the ditches and wetlands during high
flow, but should be high enough that the water level in the wetlands remains at a
constant level that is optimal for the health of the wetlands. A continuous base flow from
the wetlands into the river should be maintained and can be done by balancing the
outflow to the river with the inflow to the wetlands from the hillslopes and regional
groundwater system. This balance can be determined through monitoring of the water
level within the wetlands over time and adjusting the outflow to the river as necessary.

The water levels in the wetlands and the marsh lands associated with the cutoff meander bends
are tied to the shallow groundwater table as well as from inputs from the river. As with the main
wetlands, the shallow groundwater table around the cutoffs is maintained by surface and
surface spring runoff from the nearby hillslopes, by the regional groundwater table, and by
overbank and subsurface inputs from the river during spring runoff. During high spring flows on
the river, surface flow from the river could spill over into the lower limbs of the cutoffs if there
were no man-made berms across their confluences. Therefore, we would recommend that any
artificial berms placed across the confluences of the lower limbs of the 3 cutoffs shown in Figure
13 be removed such that even moderate flows are able to into the lower limbs of the cutoff
meander bends. This would also allow for some reconnection of the river with its floodplain.
Some of the reviewed literature for this project recommends reestablishing the cutoff meander
bends on the valley floor. This would be extremely problematic, especially considering that
these meander bends were active during a period when the hydrology of the valley and
sediment transport conditions in the river were significantly different from those of today. Given
the current impaired hydrology of the valley, the current sediment load of the river, and the flat
slope (~0.0005 ft/ft or 2.6 ft/mi) of the river through the North Star Nature Preserve reach,
increasing the channel length by restoring one or meanders would result in a very flat slope of
the river at that site. This would, in turn, induce localized flooding and excessive aggradation
within and upstream of the restoration site and, more importantly, could destabilize the river
upstream.
There are a number of recommendations that can be made to assist in restoring, creating, and
increasing riparian and aquatic habitat along the project Reach of the Roaring Fork River:
•

Remove all cross-channel rock structures that are currently present in the channel. The
rocks from these structures could be placed in well spaced clusters within the channel.
These well spaced clusters would not induce significant upstream degradation like the
previous structures. Instead, the formation of flow separation around the boulders leads
to the formation of eddies or vortices in their wake. These vortices diffuse sunlight and
create overhead cover for fish. They also generate scour that develops pockets of
deeper water and associated coarse substrate that add to the physical diversity of a
stream reach. Fischenich and Seal (2000) provide guidance on the planning, design,
and construction of these types of features.

•

In addition, the rocks from the removed cross-channel structures could be used to
anchor large woody debris strategically placed along the river channel. Several of the
documents reviewed for this report noted the lack of large woody debris along the river

Geomorphic Assessment of the
Roaring Fork River and Wetlands
North Star Nature Preserve

20

Ayres Associates
December 14, 2011

in the project reach and its impact on aquatic habitat. Large woody debris provides
significant habitat for fish, including areas of cover, refuge, and forage. Large woody
debris, in the form of small to moderate sized native trees, both with and without leaves
could be placed along the banks of the river in areas where good aquatic habitat is
minimal or degraded, such as in long, straight reaches. Fischenich and Marrow (2000),
Sylte and Fischenich (2000), and NRCS (2007) provide guidance on the use of large
woody debris (LWD) to stabilize streambanks and enhance streambank habitat. We
would also recommend that loose woody debris be placed randomly along the river to
provide additional aquatic habitat.
•

There are a number of places along the river that are devoid of any woody vegetation.
Several of these areas have banks that appear raw as a result of active erosion. In
those areas that do contain actively eroding streambanks, the lower banks are usually
composed of unconsolidated, noncohesive sand and gravel which are overlain by finegrained, cohesive floodplain soils. Since the lower bank consists of noncohesive sand
and gravel, it is very difficult for vegetation to become established and remain
established in those areas. Therefore, we recommend that in those areas, the bank toe
be stabilized using natural materials such as logs placed along the bank toe, and that
the upper bank be stabilized using natural components such as fabric encapsulated soil
that can be sprigged with live willow stakes. Sotir and Fischenich (2007) and NRCS
(2007) provide guidance on live stake and joint planting for streambank erosion control.
This method of bank stabilization uses natural materials that will not only stabilize the
bank, but will ultimately reestablish bankline riparian vegetation which, in turn, will
provide additional riparian and aquatic habitat.

Although these recommendations would likely require a significant budget as well as
appropriate permitting to accomplish, the upfront costs should be offset and mitigated by the
long-term advantages of maintain the existing wetlands and restoring in-stream and floodplain
habitat at the locations described above.
We suggest that Pitkin County, through its Healthy Rivers and Streams Board, initiate
discussions with the appropriate city, county, and private entities regarding the above
recommendations to maintain the existing wetlands, reestablish pre-agricultural riparian
conditions along the river and on the floodplain, and enhance stream channel function of the
Roaring Fork River within the North Star Nature Preserve. These initial discussions could assist
these groups to: 1) prioritize the recommended habitat restoration strategies in this report; 2)
begin the process for habitat restoration and wetlands maintenance; and 3) develop a long term
strategy for maintaining river and wetlands health and function.

Geomorphic Assessment of the
Roaring Fork River and Wetlands
North Star Nature Preserve

21

Ayres Associates
December 14, 2011

REFERENCES
Bryant, B., 1979. Geology of the Aspen 15-minute Quadrangle, Pitkin and Gunnison Counties,
Colorado, U.S. Geological Survey Professional Paper 1073, Washington D.C.
http://pubs.usgs.gov/pp/1073/report.pdf
Fischenich, C., and Morrow, J., Jr., 2000. Streambank Habitat Enhancement with Large Woody
Debris, EMRRP Technical Notes Collection, ERDC TN-EMRRP-SR-13, U.S. Army Engineer
Research and Development Center, Vicksburg, MS. www.wes.army.mil/el/emrrp
Fischenich, C., and Seal, R., 2000. Boulder Clusters, EMRRP Technical Notes Collection
ERDC TN-EMRRP-SR-11, U.S. Army Engineer Research and Development Center, Vicksburg,
MS. www.wes.army.mil/el/emrrp
Smith, M., 2005. Water and Work Ranching life in Post-war Aspen, Aspen Times, November
25, 2005. http://www.aspentimes.com/article/20051126/ASPENWEEKLY04/111270003
Sotir, R. B., and Fischenich, J. C., 2007. Live Stake and Joint Planting for Streambank Erosion
Control, EMRRP Technical Notes Collection. ERDC TN-EMRRP-SR-35, U.S. Army Engineer
Research and Development Center Vicksburg, MS. www.wes.army.mil/el/emrrp
Spurr, J.E., 1898. Geology of the Aspen Mining District, Colorado, U.S. Geological Survey
Monographs, Volume XXXI, Washington, D.C.
http://books.google.com/books?hl=en&lr=lang_en&id=aJEoAAAAYAAJ&oi=fnd&pg=PR11&dq=
geology+of+the+aspen+mining+district&ots=v2uNXlruvN&sig=pMqOepaEwCeWgxJjs1ZaIuUA7
Xg#v=onepage&q=geology%20of%20the%20aspen%20mining%20district&f=false
Sylte, T.L., and Fischenich, J.C., 2000. Rootwad Composites for Streambank Stabilization and
Habitat Enhancement, EMRRP Technical Notes Collection, ERDC TN-EMRRP-SR-21, U.S.
Army Engineer Research and Development Center, Vicksburg, MS. http://www.wes.army.mil/
el/emrrp
Natural Resources Conservation Service (NRCS), 2007. Stream Restoration Design, U.S.
Department of Agriculture, Natural Resources Conservation Service, National Engineering
Handbook (NEH) Part 654, Washington, D.C.
Hickey, a., Emerick, J.C., and Kolm, K.E., 2000. Preliminary Hydrologic and Biological
Characterization of the North Star Nature Preserve, Pitkin County, Colorado, Submitted to the
Pitkin County Board of Commissioners and the Aspen City Council.
Other Literature Reviewed
Clarke, S., Crandall, K. Emerick, J., Fuller, M. Katzenberger, J. Malone, D., Masone, M., Slap,
A., and Thomas, J., 2008. State of the Roaring Fork Watershed Report, Sponsored by Ruedi
Water & Power Authority, Roaring Fork Conservancy. http://www.roaringfork.org/sitepages/
pid272.php
Clarke, S., Fuller, M., and Sullivan, R.A., 2011. Roaring Fork Watershed Plan, March 2011
Draft, Sponsored by Ruedi Water & Power Authority, Roaring Fork Conservancy.
http://www.roaringfork.org/pub/collaborative/2011.03_Draft_Roaring_Fork_Watershed_Plan.pdf

Geomorphic Assessment of the
Roaring Fork River and Wetlands
North Star Nature Preserve

22

Ayres Associates
December 14, 2011

City of Aspen and Pitkin County, 2001. Management Plan, James H. Smith North Star Open
Space. http://ww2.aspenpitkin.com/Portals/0/docs/county/OpenSpace/smith_mp.pdf
Kolm, K.E., and van der Heijde, P.K.M., 2006. Development of GIS-Based Ground Water
Resources Evaluation of the Upper and Middle Roaring Fork Valley Area, Pitkin County,
Colorado. http://www.aspenpitkin.com/Portals/0/docs/county/Com%20Dev/EHNR/HSA_Report
2005v1.1-1.pdf
Malone, D.G., and Emerick, J.C., 2007. Catalog of Stream and Riparian Habitat Quality for the
Roaring Fork River and Tributaries, Central Colorado, Prepared for the Roaring Fork Stream
Health Initiative. http://www.roaringfork.org/sitepages/pid209.php
Pitkin County Commissioners, 2000. 2000 Resource Management Plan, North Star Nature
Preserve, Adopted by Pitkin County Commissioners July 26, 2000, Shellie Roy Harper, Chair.
http://www.aspenpitkin.com/Portals/0/docs/county/OpenSpace/northstar%20mp2.pdf

Geomorphic Assessment of the
Roaring Fork River and Wetlands
North Star Nature Preserve

23

Ayres Associates
December 14, 2011

Miller Ecological Consultants, Inc.
2111 S. College Avenue, Unit D
Fort Collins, Colorado 80525
970-224-4505

