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The flood frequency of the floodplain was developed by merging the results of a 
streamgage analysis and a regional flood-frequency analysis.  A streamgage was operated 
by the U.S. Geological Survey on Willow Creek at Creede from 1951 to 1982, collecting 
both annual peak flow and average daily flow readings.  A log-Pearson statistical analysis 
of these data was performed.  The frequent flood results (up to 2-year) of this analysis 
were merged with the results for larger, less frequent events from a regional analysis that 
developed multiple linear regression equations and error bars for the Willow Creek 
watershed.  The recommended flows for Willow Creek at the Rio Grande are 1210 cfs for 
the 100-year event and 190 cfs for the (1.5-year) bankfull event. 

Groundwater surface levels in the wells and pits were measured from 8/9 to 8/11/2005.  
Combined with water surface elevations in the stream segments, these data provided 
points to construct 2-foot contour map of the water table.  These results were interpreted 
to indicate which sections of stream are giving, receiving or neutral, with respect to 
groundwater.  Results indicate that the stream segment on the eastern portion of the 
floodplain is essentially an irrigation ditch, delivering water to the Wason Diversion 
while being perched, providing flow to groundwater, and acting as a groundwater divide, 
possibly impacting potential movement of the groundwater contamination plume (Figure 
2).  Additionally, seasonal variability in water table level measurements was observed in 
most wells for 14 months.  Well level fluctuation ranged from 0.5 feet (MW-3) to up to 
7.1 feet (MW-1).  The depth to groundwater was computed for most of the project area. 

There are two stream diversions within the floodplain, specifically the Wason and 
Zimmerman ditches.  Structures for each of these diversions will need to be included in 
the stream restoration.  The Wason Ditch has a decreed capacity of 6.0 cfs, while the 
Zimmerman Ditch has a decreed capacity of 1.2 cfs.  The Zimmerman ditch is 
infrequently used and is in disrepair.  The Wason ditch essentially starts at approximately 
1/3 of the distance from the upper end of the floodplain and is diked along the eastern 
edge of the floodplain, appearing at first glance to be a branch of the stream.  Excess 
flows in this uncontrolled portion of the ditch are wasted from two locations in the south-
east portion of the floodplain, providing water to wetlands that are interspersed with 
apparent mine tailings on the Wason property.  The ditch is perched with respect to 
groundwater, losing flow over its entire length. 

Groundwater quality in the floodplain has been previously monitored by and 
documented by the Willow Creek Reclamation Committee.  These data have been 
combined with the results of additional sampling and field parameter collection.  The 
elevated contaminants found in groundwater of the floodplain are zinc, manganese, 
magnesium, and cadmium.  The most contaminated wells are MW8, MW9, MW10, 
MW11, MW16, MW18, MW19 and MW20.  Dissolved zinc levels in all the wells range 
from <5 to 679,250 ug/l.  Dissolved cadmium levels in the wells range from <0.1 to 1539 
ug/l.  Dissolved lead levels in the wells range from <1 to 149 ug/l.  The Colorado 
Department of Public Health and Environment (CDPHE), in cooperation with the EPA, 
sets table value standards for contaminants for agricultural and human use.  For zinc, a 
2000 ug/l standard has been set for agricultural purposes while 5000 ug/l has been set for 
drinking water.  For cadmium, a 10 ug/l standard has been set for agricultural purposes 
while 5.0 ug/l has been set for drinking water.  For lead, a 100 ug/l standard has been set 
for agricultural purposes while 50 ug/l has been set for drinking water.  It was found that 
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pH can be a good indicator for groundwater contamination in the floodplain.  Figure 2 
illustrates the pH variability of the floodplain groundwater, highlighting the groundwater 
contamination plume.  The link between low pH and groundwater contamination can be 
used for early detection of groundwater contamination plume movement, minimizing the 
expense of water quality analyses. 

Surface water quality in the Willow Creek floodplain and watershed has also been 
previously monitored.  This data have been combined with additional data to perform 
interpretations.  Water quality in the two upper branches of Willow Creek, specifically 
West Willow and East Willow Creeks, as well as mainstem Willow Creek, have been 
documented to exceed Colorado Table Value Standards for zinc, cadmium and lead.  In 
East Willow Creek, point sources of metal loading to the stream include Solomon Mine 
adit and the Solomon Wetlands.  In West Willow Creek documented point sources of 
metal loading include Nelson Creek, a seep at the Commodore and the Nelson Tunnel.  
The Nelson tunnel is the largest contributor of metals in the Willow Creek watershed.  To 
assess the impact of potential Nelson Tunnel water treatment, an analysis was performed 
to determine potential impacts of such proposals.  During the water quality synoptics 
performed by the WCRC, Nelson tunnel total cadmium load was found to range from 23 
to 63 percent of the total cadmium load in mainstem Willow Creek just upstream of the 
flume, with an average of 42 percent.  Nelson total lead load ranged from 15 to 68 
percent of the total load in Willow Creek, with an average of 49 percent.  Nelson total 
zinc load ranged from 35 to 69 percent of the total load in Willow Creek, with an average 
of 61 percent.  This analysis indicates that, if Nelson water is treated, a substantial portion 
of the metal loading will be eliminated.  However, metal concentrations in Willow Creek 
would still be above chronic TVS unless other contaminant reduction projects are 
performed.  In mainstem Willow Creek two floodplain seeps adjacent to the groundwater 
contamination plume have been documented.  Measurements of these seeps have shown 
pH as low as 2.95, with aluminum, cadmium, copper, lead and zinc concentrations as 
high as 120,000 ug/l, 2100 ug/l, 2400 ug/l, 3000 ug/l and 420,000 ug/l.  Though 
discharge from these seeps is low, there is a direct link between the groundwater 
contamination plume and Willow Creek.  The stream restoration should preserve similar 
water surface elevations to deny potentially steeper gradients and additional discharge to 
Willow Creek. 

A snowmelt-related flood occurred in late May of 2005.  This flood caused extensive 
damage on West Willow Creek, failing a large culvert and eroding mine waste, tailings 
and other mining-related material.  Much of this debris, including large woody debris, 
was deposited in the Willow Creek floodplain, downstream of Creede within the 
proposed stream restoration area.  As of late 2006, this reach on West Willow Creek has 
yet to be stabilized.  A logging multi-parameter probe was deployed during the beginning 
of this event – data collected from this probe indicated that pH is West Willow creek 
dropping to 4.8.  Grab sampling of the flood waters on West Willow during the event 
indicate very high metal concentrations, with aluminum, cadmium, copper, lead and zinc 
concentrations of 946, 384, 492, 2600 and 53,200 ug/l, respectively.  In addition to the 
debris, a large load of metals was transported through the Willow Creek floodplain, likely 
partially depositing within the floodplain. 
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Due to the threat of potential deposition of substantially contaminated material onto the 
floodplain and the threat of debris from West Willow Creek potentially causing an 
avulsion and failure of the stream restoration, especially in the early period before 
vegetation has stabilized the channel, stabilization of West Willow Creek is strongly 
recommended before construction of the Willow Creek stream restoration. 

A biological assessment of the Willow Creek watershed was previously performed using 
data collected from 1999 to 2001.  The results were published in WCRC (2004c), from 
which these results have been drawn.  In East Willow Creek the assessment indicates a 
self-sustaining population of brook trout.  Most size classes were found at every sample 
site on the creek, despite chronic Table Value Standards being exceeded on lower 
portions.  Invertebrate tissue are below concentrations that should effect fish.  
Macroinvertebrates in East Willow Creek consisted of metals-tolerant taxa, such as 
caddisflies (Hydropsychidae), mayflies (Baetidae) and true flies (Orthoclasiimae).  Taxa 
that tend to be intolerant of metals, such as Heptageniid mayflies and Rhyacophilid 
caddisflies, generally decrease from upstream to downstream.  In West Willow Creek 
brook trout were captured at most sites.  Additionally, some brown trout were captured.  
Downstream of the mining-impacted areas, the sampled sites provided fewer captured 
fish with the populations not likely being self sustaining.  No fish were found at the 
bottom limit of West Willow Creek.  Invertebrate tissue analyzed from West Willow 
Creek indicate concentrations less than benchmark values for upper sites and no 
invertebrates were found just above the confluence with East Willow.  
Macroinvertebrates in West Willow Creek consisted of metals-tolerant taxa, such as 
mayflies (Baetidae) and true flies (Orthoclasiimae chironomids).  Taxa that tend to be 
intolerant of metals, such as Heptageniid mayflies, Chloroperlid stoneflies, and 
Rhyacophilid caddisflies, generally decreased from upstream to downstream.  In 
mainstem Willow Creek only two fish were collected, just above the confluence with the 
Rio Grande.  They were likely from the Rio Grande.  Invertebrate tissue samples 
generally indicate metal concentrations for arsenic, copper and zinc that exceed dietary 
exposure concentrations for fish.  Lower sites have substantially higher concentrations of 
arsenic, cadmium, copper, lead and zinc in macroinvertebrate tissues.  Metals in the 
Willow Creek floodplain are biologically available and being accumulated by 
invertebrates.  Macroinvertebrate communities in the mainstem Willow Creek consisted 
of metals-tolerant taxa such as mayflies (Baetidae), and true flies (Orthocladiinae 
chironomids).  Taxa that are less tolerant of metals were at low abundance. 

The water quality of Willow Creek has a substantial impact on the ultimate success of the 
stream restoration.  It is commonly the case for the success of stream restoration projects 
to be judged on increases in population of aquatic life.  Impairment is due to both current 
physical and chemical condition of Willow Creek below Creede.  The reconstruction of 
the stream will greatly increase the quality of the physical habitat, but water quality will 
still be issue until additional improvements are implemented upstream.  Substantial 
water quality improvements need to be performed in the Willow Creek watershed 
before the full potential of a stream restoration can be realized.  Additionally, the 
legacy of mine waste processing and storage in the Willow Creek floodplain may 
provide biologically available metals from within this stream segment itself, possibly 
reducing the effects of water-quality improvements in the watershed and reducing the 
potential for creating a self-sustaining fish population within the restored stream.  Stream 
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channel construction from the current braided form will decrease the surface area of 
interaction with the floodplain material, potentially decreasing the collection of any 
biologically-available metals. 

The pebble-count method was used to characterize the bed material size of the existing 
braided channel.  Two reaches were samples, one in the upper floodplain and another 
near the midpoint of the floodplain.  For the upper reach the D50 and D84 were 47 mm 
(very coarse gravel) and 103 mm, respectively.  For the middle reach the D50 and D84 
were 15 mm (medium gravel) and 62 mm, respectively.  The D100 of both reaches was 
180 mm. 

Soil samples were collected at 10 sites in the floodplain.  Soils were found to be primarily 
coarse-textured with clay mineralogy.  For sampled soils, the pH for surface materials 
ranges from 5.4 to 6.8 (strongly acid to neutral), with the exception of a sample on the 
fairgrounds site with an extremely acidic pH of 4.6.  Soil pH is a good indicator of the 
relative availability of plant nutrients.  The highest and lowest amounts of soil Pb are 
found in adjacent sampling sites, on the fairgrounds property.  Additionally, the lowest 
and greatest amounts of trace elements in the soils are found in these same two sites.  
These differences help to explain the stark difference in appearance from vegetated 
versus barren sites, for these two sites.  Additionally, these data suggest that a correlation 
may exist between metal levels in soils and/or associated water with vegetation or lack 
there of within the floodplain.  Soil pH can be used as a useful indicator of potential 
availability of these metals. 

The Willow Creek floodplain has the potential for substantial visual resources.  Lower 
Willow Creek is highly visible to a large number of viewers, regardless of whether they 
are looking at the valley from Creede, or approaching town from Colorado Rt. 149.  Few 
mine reclamation activities have been implemented and, as a result, the floodplain 
remains a highly unstable and unsightly.  The scenery adjacent to the project area helps 
enhance the overall impression of the project’s setting.  The landforms are distinctive, 
with massive mountain tops that serve as a backdrop for Creede.  The visual diversity of 
this setting is striking and is dominated by very prominent geomorphology.  Given the 
many natural features present on this project’s site, and the amazing natural features 
surrounding it, consideration of the landscape architectural components should be a 
significant factor during a restoration design. 

Due to the poor soil conditions combined with poor water quality, plant diversity 
throughout the site is extremely low for a riparian area.  The vegetation along this 
corridor is primarily found along the water courses and areas that are sub-irrigated.  The 
vegetation of these areas is dominated by graminoids with some wetlands and bands of 
willows found on the Wason Property and a band of willows found on Mineral County 
Fairground property to the south of the property, as well as scattered willows towards the 
north boundary.  High density mass planting using hardwood cuttings, willow clumps, 
bareroot plants, rooted cuttings and container transplants on streambanks is necessary to 
provide adequate bank stabilization after stream reconstruction.  Riparian plantings using 
onsite willow clumps provide quick establishment.  Willow clump transplants along the 
outside of the channel bends is preferred, if available, otherwise container transplants 
may be best.  Establishment of high density vegetation on the outside of the meander 
bends is a high priority, in order to establish root density and cohesion within the alluvial 
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material in this high stress zone.  If substantial vegetation density is not established along 
the outside bends within a relatively short period of time, project failure may result. 

An inventory of cultural resources on the Willow Creek floodplain was performed.  
Cultural resources were not located during the survey.  The stream reconstruction in the 
planned area will not impact cultural resources.  Interestingly, it was found that a court 
case regarding contamination downstream occurred in 1905.  Anton F. Frank filed a 
lawsuit against Humphreys Tunnel and Mining Company regarding dumping tailings into 
Willow Creek.  The land in question was a quarter section of the original homestead of 
Julius H. Weiss “on the lower end of Willow Creek where it joins the Rio Grande River”.  
The lawsuit was filed in Colorado’s Twelfth Judicial District Court, Alamosa, Colorado, 
in Costilla County.  The complaint was that dumping in the creek had affected the ranch, 
livestock, and hay.  Damages were assessed at $1,072. 

It is recommended that the stream restoration be constructed as a single-thread stream 
preferentially on the west side of the floodplain.  A single thread stream is 
recommended since developing a stable morphology for splitting the flow would be 
difficult to properly size, substantially increasing the risk of failure and loss of capital.  
Designing the stream to flow primarily on the west side of the floodplain avoids dangers 
imposed by the Emperius tailings impoundment, remnants of other historic ponds, the 
groundwater contamination plume and a substantial quantity of probable tailings on the 
Wason property.  Additionally, a western stream alignment respects the current 
topography, which is slightly lower in elevation on the western side of the floodplain.  
Non-flood flow on the eastern portion of the lower floodplain is almost exclusively 
irrigation waste flow from the Wason diversion. 
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