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Rocky Mountain Hydrologic Research Center 
 

The forerunner of the Rocky Mountain Hydrologic Research Center was the 
Rocky Mountain Hydraulic Laboratory organized under the laws of the State of Colorado 
on September 5, 1945.  Chesley Posey found a site for the laboratory on the North St. 
Vrain Creek below Highway 7 near Allenspark, Colorado.  At this 20-acre site alongside 
the North St. Vrain Creek, several hydraulic flumes were constructed and portions of 
those flumes can be seen today.  Research was focused on bridge scour and open channel 
hydraulics.  About 1960, the hydraulic research activity declined but the site has been 
used for more diverse research in recent years.   

 
In 1991, the name was changed to the Rocky Mountain Hydrologic Research 

Center to reflect new research goals of conducting a broad range of hydrologic and 
environmental science investigations in this headwater area of the Rocky Mountains.  
The site has had little disturbance in the last 50 years.  The site is still available for 
research and anyone interested need only contact any one of the Trustees of the Rocky 
Mountain Hydrologic Research Center listed below. 
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Geostatistical Methods for Estimating Snowmelt Contribution to the 
Seasonal Water Balance in an Alpine Watershed 

 
Douglas M. Hultstrand 

 
Watershed Science, Colorado State University, Fort Collins, Colorado, 

dmhultst@lamar.colostate.edu 
 
 

In the western United States, a majority of annual precipitation falls as snow and 
is stored in high elevation mountain snowpacks.  Seasonal snowcover is important in 
mountain environments due to its contribution to annual runoff and due to its role in 
defining the global energy balance.  Snowcover is highly variable and hard to estimate in 
rugged terrain due to complex physical processes.  Accurate representation of winter 
precipitation, snow distribution, and ablation are fundamental toward understanding the 
drivers of watershed processes, and to improve hydrological forecasts and climate 
models.  In this study, the relative performance of four spatial interpolation methods were 
evaluated to estimate snowmelt contribution to the seasonal water balance in a 0.61 km2 
study site in the Snowy Range of the Medicine Bow Mountains, Wyoming.  On 20th and 
23rd of April 2005, snow depth and snow density measurements were collected.  

 
 Spatial interpolation methods used to estimate snow depth over the 0.61 km2 area 

were 1) inverse distance weighting, 2) ordinary kriging and co-kriging, 3) modified 
residual kriging, and 4) a combined method using binary regression trees and 
geostatistical methods.  A multiple linear regression was used to estimate the spatial 
distribution of snow density. The independent variables used for snow depth and snow 
density models were elevation, slope, aspect, solar radiation, and northness.  Snow-
covered-area (SCA) was derived from aerial photographs taken on the 16th of April 2005.  
The distribution of snow water equivalent (SWE) will be calculated as the product of 
snow depth, snow density, and SCA.  Each spatially distributed SWE layer will be used 
to calculate total winter water volume and used as an estimate of potential water available 
for snowmelt runoff.  The results will determine the best interpolation method for 
modelling SWE distribution in West Glacier Lake watershed, provide a representative 
estimate of water volume stored and available for snowmelt runoff, and will quantify the 
seasonal inputs into a small montane watershed. 
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Annual  Hydrochemical  Fluxes from Alpine-Subalpine Catchments in 
the Snowy Range, Wyoming 

 
Dena Hicks 

 
Watershed Science with the Department of Forest, Rangeland, and Watershed 

Stewardship, Colorado State University, Dena.Hicks@ColoState.edu 
 
 
 It is well documented that alpine-subalpine surface waters are an excellent 
indicator of environmental changes due to their sensitive nature.  Hydrochemical fluxes 
are useful in quantifying responses of alpine-subalpine ecosystems to atmospheric 
deposition and changes in water chemistry.  Long-term data on hydrochemical 
composition of alpine-subalpine catchments are limited and further study will allow the 
elucidation of trends overtime.  
  
 The Glacier Lakes Ecosystem Experiments Site (GLEES) in the Snowy Range of 
southern Wyoming, managed by the USDA Forest Service, was established with the 
objective to determine the effects of atmospheric and climate change on alpine-subalpine 
aquatic and terrestrial ecosystems.  The primary goals of this study are to quantify 15 
years of mass balance data from GLEES to examine trends in precipitation inputs and 
hydrochemical outputs.  Result for atmospheric wet deposition from NADP, 1989-2004, 
show an increasing trend in calcium, ammonium, and nitrate concentrations and a 
decreasing trend in sodium and chloride concentrations. This study calculated alpine-
subalpine annual hydrochemical fluxes and characterized the temporal variability in 
hydrochemical fluxes over the past 15 years.   
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Spatial Variations in Bed Load Transport Phase in a Gravel-bed 
Stream Bend 

 
Jordan A. Clayton 

 
U.S. Geological Survey—University of Colorado, claytonj@colorado.edu 

 
Models of equilibrium transport for gravel-bed streams tend to be formulated for 

uniform flow fields, meaning that the depth, median grain size, and slope are similar in 
all areas of the channel.  However, models of meandering streams are complicated 
because the geometric properties of river channels vary in space, whereas the flow varies 
in time, and because natural streams tend to have a heterogeneous morphology.  The 
spatial and temporal variability in bed load transport was investigated for several bends 
of the upper Colorado River in Rocky Mountain National Park.  Approximately 190 
coupled measurements of flow and sediment transport were taken at a range of locations 
within one of the bends during an extended period of above-average runoff in 2003.  

 
 These data show that the finer particles of the bed load tended to be swept inward 

where they were less-hidden, while coarser grains were routed outwards where they were 
exposed to greater shear stress, leading to a near-balance in the overall mass transport 
between the inner and outer regions of the bend.  This differential routing of the fine 
versus coarse fractions of the load decreased with increasing discharge beyond bankfull, 
indicated by a shift in the locus of coarse particle transport from the outside of the bend 
inward to the channel center.  At the same time, the size of various grain size percentiles 
of the bed load increased with increasing shear stress.  Together, these results suggest that 
in curved gravel-bed rivers the bed load transport regime varies laterally across the 
channel to promote the equilibrium transport of the full range of particle sizes present in 
the load.  To test this idea, comparisons were made between the transport rates for 
individual size fractions of the load and between the grain size distributions of the bed 
load versus subsurface materials for the inner versus outer regions of the bend.  The 
results suggest that while fine sediments are fully mobile throughout, partial mobility of 
the coarse fractions of the bed load transitions to full mobility towards the outer region of 
the bend at approximately two-thirds bankfull discharge. 
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POSTER 
 

Regional Patterns of Snow Water Equivalent (SWE) in the Colorado 
River Basin using Snowpack Telemetry (SNOTEL) data 

 
J. Derry and S.R. Fassnacht  

 
Forest, Rangeland, & Watershed Stewardship, Warner College of Natural Resources, 

Colorado State University, Fort Collins, Colorado, Jeffrey.Derry@colostate.edu 
 
 

The Western United States is heavily dependent upon seasonal snowpack with a 
majority of annual discharge originating as snowmelt.  Determining snow water 
equivalent (SWE) of the snowpack is useful in predicting spring runoff.  Snow 
accumulation and ablation processes are heterogeneous in mountains due to topographic 
and climatic variability.  Since the temporal and spatial variability, and their relationship 
to the subsequent runoff, are of crucial importance in developing water management 
strategies, identifying areas of homogeneity can be helpful.  Furthermore, efforts to 
model regional responses to large-scale circulation systems in global circulation models 
(GCMs) - which are difficult to downscale to a local level - are limited by the uncertainty 
of regional hydroclimate forecasts.  The ability to identify homogeneous hydroclimate 
regions can improve our ability to predict discharge as well as model regional responses 
to large-scale atmospheric circulation processes.  Previous clustering of data has grouped 
stations based on spatial proximity or been restricted due to the temporal resolution of 
snow course data.   

 
This investigation utilizes daily data from 216 snowpack telemetry (SNOTEL) 

stations located in and around the Colorado River Basin over a 15-year period (1991-
2005) to cluster stations based on their patterns and variability.  To achieve this, data 
were submitted to a self-organizing map (SOM), a particular application of artificial 
neural networks.  This methodology represents a learning algorithm that is non-linear, 
non-parametric, unsupervised, and learns through an iterative training process.  The 
number of clusters can be specified to the SOM based on the level of generalization 
desired.  Results show an unbiased clustering of stations defined not by geographic 
location, but by each station’s particular SWE variability.  The established snow 
climatologies show some very general homogenous large-scale clusters, particularly in 
Wyoming and Arizona, but overall there are no definite spatial patterns to the 
climatologies, indicating local topographic variables dominate SWE processes.   
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POSTER 
 

Linking Hydrologic Response to Burn Severity after a Wildfire   
 

Deborah A. Martin 1, John A. Moody 2, Sandra L. Haire3, and         
David A. Kinner4 

 
1US Geological Survey, Water Resources Discipline, damartin@usgs.gov 
2US Geological Survey, Water Resources Discipline, jamoody@usgs.gov 

3University of Massachusetts, Natural Resources Center, shaire@forwild.umass.edu 
4US Geological Survey, Geological Discipline, dakinner@usgs.gov 

 
 
 Floods and debris flows are known responses after mountainous watersheds have 
been burned by wildfire.   However, a direct quantitative relation between the runoff 
response from burned watersheds and burn severity has not been established.  This 
relation is complicated by the dependence of the runoff on other variables such as the 
structure of drainage networks, surface friction, contributing area, and rainfall 
characteristics.  To begin to quantify this relation we measured the rainfall-runoff 
response during three summer seasons (2000, 2001, and 2002) in watersheds (<1 km2) 
after the 2000 Cerro Grande Fire near Los Alamos, New Mexico, using a network of rain 
gages, stream gages, and indirect peak discharge measurements.  A quantitative measure 
of soil burn-severity (normalized burn ratio) was used based on pre- and post-fire remote 
sensing measurements of earth radiation from Landsat.   
 
 We found that peak discharge per unit drainage area was an empirical power 
function of the excess rainfall intensity.  The excess rainfall intensity was defined as the 
difference between the maximum 30-minute rainfall intensity during a rainstorm and the 
threshold intensity for each watershed to produce surface runoff.  The runoff response 
was calculated as a runoff coefficient (independent of the excess rainfall intensity), and 
was correlated with the hydraulic functional-connectivity that incorporated the spatial 
sequence of burn severity along a hillslope flow path.  The runoff response was a 
maximum value for the hydraulic functional-connectivity corresponding to moderate 
burn-severity. The runoff response actually decreased for high burn-severity. 
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POSTER 

Preliminary Results of Streamwater Mercury in the Big Thompson 
Watershed, Colorado 

 
Christine M. Dolliver and M. Alisa Mast 

US Geological Survey, Colorado Water Science Center, cdolliver@usgs.gov 

 

Total mercury (Hg) was measured at 18 different steams and canals in the Big 
Thompson watershed during 2005 as part of a cooperative sampling program coordinated 
by the Big Thompson Watershed Forum. Water samples were collected on a monthly to 
bimonthly schedule and were analyzed for organic carbon and other constituents at the 
U.S. Geological Survey National Water Quality Laboratory in Lakewood, Colorado. 
Total Hg for a subset of these samples (n=44) was analyzed using cold vapor atomic 
adsorption spectrometry at a U.S. Geological Survey laboratory in Boulder, Colorado. 

 
 Total Hg concentrations in streams ranged from 0.3 to 6.8 ng/L and showed a 

strong seasonal pattern with the highest concentrations in early June during peak 
snowmelt. During peak flow, Hg concentrations ranged from 4.3 to 6.8 ng/L throughout 
the watershed and did not reveal any strong spatial patterns. Streamwater Hg was 
positively correlated with total organic carbon (R2= 0.69) suggesting organically 
complexed Hg was flushed into streams from soils during snowmelt.   
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POSTER 
 

Stream Characteristics and Aquatic Macroinvertebrates Following 
Wildland Fire in Western Wyoming  

 
Kathleen A. Dwire, Jeremy Monroe, Howard Rhodes, Mark K. Dixon, 

and Sandra E. Ryan 
 

U.S. Forest Service, Rocky Mountain Research Station, kadwire@fs.fed.us    
  
 

We examined fire effects on aquatic habitat and benthic macroinvertebrates in 
streams of the Little Granite Creek watershed, Wyoming, where a wildfire burned 
approximately 75\% of one basin, while an adjacent, ‘reference’ basin remained largely 
unburned. Embeddedness (% of channel surface covered by fines) was substantially 
greater in the burned basin (92% ± 4\%) than in the reference basin (59% ± 2\%).   

 
Stream temperatures were consistently higher in summer and lower in fall in the 

burned drainage, reflecting basin differences in vegetative cover.  Although 
macroinvertebrate taxonomic richness was similar in both streams (45 families), benthic 
communities in the burned stream were dominated by Dipterans (77% total abundance) 
with 22% EPT, while communities in the unburned stream were composed of 46% 
Dipterans and 53% EPT.  Benthic communities in both streams had similar proportions of 
generalist feeders (mostly Chironomidae, 31 – 33%), and collector-gatherers and scrapers 
(mostly Baetidae, 17%); however, collector-filterers (mostly Simulidae) accounted for 
over 40\% of the total abundance in the burned stream, and only 3% in the unburned 
stream.  Despite differences between the study basins, fire effects in the Little Granite 
Creek watershed are less dramatic than those reported from other regions due to 
prevailing drought conditions.  
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The Influence of Hillslope Springs on Subalpine Streamwater 
 

Chuck Rhoades, Natalie Quiet, Kathleen Dwire, and Kendra Brewer 
 

US Forest Service, Rocky Mountain Research Station, Fort Collins, kadwire@fs.fed.us 
 

 
In high-elevation watersheds, more than 90% of snowmelt water passes through 

near-surface flowpaths before entering the stream channel. Groundwater discharges from 
isolated and clustered springs generating ephemeral, intermittent, and perennial flow in 
headwater stream channels.  At the Fraser Experimental Forest, 157 hillside springs are 
distributed throughout the 290-hectare Fool Creek watershed.  This preliminary report 
describes results from synoptic sampling of 39 randomly selected springs in alpine and 
subalpine portions of the catchment.  
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POSTER 
 

Geomorphic Research and Monitoring Opportunities at the Fraser 
Experimental Forest, Fraser, Colorado 

 
Sandra Ryan 

 
Rocky Mountain Research Station, Fort Collins, sryanburkett@fs.fed.us 

 
 

The Fraser Experimental Forest (FEF) is a 23,000 acre (93 km2) forested 
watershed located near Fraser, Colorado, about 50 air miles west from Denver. The site 
was established as a research facility in1937 on lands designated as part of the U.S. 
Forest Service system. The primary research focus for FEF has been the effect of forest 
management practices on water yield and quality.  Current research addresses questions 
about links between forests, riparian areas and stream processes, and aims to better 
understand mechanisms important in nutrient cycling, snow hydrology and ecosystem 
carbon storage.  Geomorphic research in the watershed has focused primarily on 
improving our understanding of channel process for the purpose of developing instream 
flow claims. Since the early 1990’s, researchers have made hundreds of bedload 
measurements in steep, coarse-grained channels on the Forest as part of this effort. These 
sites range in watershed area from about 5 to 50 km2 and have measured slopes ranging 
from 2 to 5%.  

 
The results indicate that similar rates of coarse sediment transport per unit 

watershed area exist at the sites and that a relatively narrow range of flow moves most of 
the sediment in these coarse grained systems. Other longer-term efforts at FEF (since the 
early 1960’s) have produced volumetric estimates of annual sediment loads for a number 
of small sub-watersheds. Data of this nature not only provide an overall measure of 
annual export but have been useful for validating bedload rating relationships obtained 
from devices used for sampling coarse sediment.  In the future, sites like the sediment 
accumulation ponds at FEF can be used for additional testing of both physical and 
surrogate technologies for monitoring coarse sediment transport.   
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POSTER 
 

A Summary of the 2005 Water Year in Colorado 
 

Nolan J. Doesken 
 
Colorado Climate Center, Dept. of Atmospheric Science, Colorado State University, Fort 

Collins, Colorado, Nolan@atmos.colostate.edu 
 
 

The 2005 Water Year (October 1, 2004 - Sept. 30, 2005) brought continued 
gradual drought recovery to Colorado.  Very heavy snows fell during mid winter over 
Colorado's southern mountains and western Plateaus.  April also brought abundant 
beneficial moisture.  July temperatures were extremely hot, and summer rains were 
spotty.  Overall, the year ended up with near average precipitation for most of the state 
and warmer than average temperatures.  Precipitation patterns, temperatures and 
subsequent runoff and streamflow will be shown, and some water resources impacts from 
the year will be described. 
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Using Water Quality to Validate Groundwater Modeling Results  
 

Nate Beckman 
 

Watershed Science, Department of Forest, Rangeland, and Watershed Stewardship, 
Colorado State University, nathaniel.beckman@colostate.edu 

 
 
 Conjunctive water use is the concept of combining surface water and groundwater 
into one system.  One application of conjunctive use is to pump water from an alluvial 
aquifer into infiltration ponds under the premise that the water will return to the river at 
times when the flow is needed.  It is important to understand the timing of the return flow 
in order to know when and how long to pump water from the aquifer.   
 

Tamarack Ranch State Wildlife area contains 7 pumping wells that pump water 
from the alluvial aquifer of the South Platte River to two recharge ponds.  The infiltration 
ponds are placed in hydrologically suitable areas which are up-gradient from the river, so 
water will return towards the river.   By pumping water from the alluvial aquifer into 
infiltration ponds water can return to the river at times when it is needed.   Groundwater 
modeling is one method used to quantify the return of water to the river.  By examining 
the water table elevation of the site and using particle tracking the flow of water during 
pumping can be determined.  The information obtained from the groundwater model can 
be compared to water table elevation maps field data.     

 
In addition, water quality data can be used to gain further information about the 

flow of recharge water.  Water quality data from the site has suggested that two distinct 
source waters are present:  river water (which is dominated by sodium, calcium and 
sulfate) and groundwater (which is dominated by calcium and bicarbonate).  By 
analyzing water quality data collected from a network of wells at the site, the amount of 
mixing between the two waters can be quantified.  This data can be compared to 
concentrations calculated with a numerical groundwater model to see if mixing of source 
waters can be predicted by the model.  By combining results gathered in the field with 
numerical groundwater modeling results the model can be validated.  
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 Flow Resistance Estimation in Mountain Streams 
 

Benjamin S. Snyder and Brian P. Bledsoe 
 

Department of Civil Engineering, Colorado State University, 

Benjamin.Snyder@colostate.edu 

 
 

The quantification of flow resistance in complex natural channels continues to be 
a key source of uncertainty in basic research, engineering, and environmental 
management.  This paper describes a meta-analysis of data compiled from a wide range 
of sources and flow conditions in mountain streams that compares the accuracy of 
equations developed by Jarrett (1984), Hey (1979), Bathurst (1985) and Bathurst (2002), 
with a new empirical model.   

 
The regression algorithm that was used to develop the model involved a four – 

fold cross validation procedure, with stratification of the compiled dataset by friction 
slope (Sf) values, to arrive at a dimensionless piecewise, nonlinear equation for Darcy–
Weisbach friction factor.  The new model is a function of Sf and relative submergence 
(ratio of hydraulic radius R to D84) for streams <8% in slope, and relative submergence 
and ratio of D84 to D50 for streams with Sf ≥8%.  Mean square error values, discrepancy 
ratios, and coefficients of determination indicate that the new model predicts friction 
factor better than the existing models that were tested, especially for mountain streams 
with large bed material and Sf values greater than 4%.   
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Assessing the Effects of Streamflow Changes and Local Shear Stress 
Variations on the New Zealand Mud Snail in Boulder Creek, Colorado 

 
Kristina Klos Wynne and John Pitlick 

 
Department of Geography, University of Colorado, Boulder, Colorado 

Kristina.Wynne@colorado.edu 
 
 
 

The effects of hydrologic and geomorphic perturbations on aquatic ecosystems 
are of great concern as questions pertaining to ecosystem health and invasive species 
remain unanswered.  Of particular interest in the American West is the introduction and 
spread of the New Zealand mud snail, an invasive organism that was confirmed in 
Colorado in November of 2004.  Previous studies of the New Zealand mud snail in 
streams of the northern Rocky Mountains have provided some insight to their distribution 
and habitat preferences, yet the link to geomorphology has remained largely unstudied. 
  

This study combines the fields of fluvial geomorphology and aquatic biology to 
investigate the relationship between high streamflows and the density of the New Zealand 
mud snail in Boulder Creek, CO.  Five study sites representing areas both with and 
without snails were selected in an approximately 10 kilometer reach of Boulder Creek.  
Field measurements were conducted in the summer of 2005 to gain information 
pertaining to sediment size, channel geometry and discharge and are used to assess spatial 
differences in flow.  Flow modeling will also be conducted to obtain a high resolution 
view of bed topography, boundary shear stress, and sediment transport.  The modeled 
flow velocities will be used to determine whether New Zealand mud snail population 
densities are significantly affected by variations in sediment transport, intensity and 
substrate disturbance.  Additionally, snail collections were done prior to, during, and 
following peak flow in order to assess longitudinal changes in population densities as 
well as habitat preferences within study reaches.   
 

Preliminary results indicate that the New Zealand mud snail population in the 
selected study reach of Boulder Creek display habitat preferences, both for the size of 
sediment to which they attach and for the location of that sediment within the channel.  
These habitat preferences are hypothesized to be correlated with lateral shear stress 
variations in the channel.  Before peak flows, the snails were found throughout the width 
of the channel.  Following extended near-bankful flows which moved the majority of the 
sediment on the bed, snails displayed preference for more stable habitat, particularly that 
sediment located on the sides of the channel.  The preliminary examination of the data 
suggests that the channel forming flows did not, however, contribute significantly to the 
downstream movement of the snails in the study reach.   
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Public Safety at Low-Head Dam 
 

 
Kenneth R. Wright, T. Andrew Earles, and Jonathan M. Kelly  

 
Wright Water Engineers, KRW@wrightwater.com 

 
Low-head dams take lives as victims are lured into the seemingly placid water 

below the dams.  Six case studies of drowning are described, and suitable dam retrofits 
are outlined.   
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 Effects of Channel Bed Disturbance on Algal Biomass in a Mountain 
Stream 

 
Catalina Segura1, J. Pitlick1, J. McCutchan2, W. Lewis2 

 
1Department of Geography, University of Colorado, Boulder, 

catalina.segurasossa@colorado.edu 
2Cooperative Institute for Research in Environmental Sciences, University of Colorado, 

Boulder 
 

 
 This paper examines the relationship between disturbance intensity and the rate of 
recovery for benthic algae after the peak in snowmelt runoff in a subalpine stream. 
Disturbance intensity was assessed from the spatial distribution of shear stress modeled 
with the Multi-Dimensional Surface Water Modeling System developed by the US 
Geological Survey. The input data for the model (channel geometry, water surface 
elevation, and grain size distribution) were obtained from field surveys conducted during 
the summers of 2004 and 2005 in three relatively undisturbed alluvial reaches of the 
Williams Fork River, Colorado. The channel width of the 3 reaches varies from 10-22m, 
slopes vary from 0.004 to 0.015, and the median grain size of the bed surface varies from 
40-85mm. Spatial distributions of shear stress were modeled in each of the study reaches 
for a series of relatively low flows ranging from 20-70% of bankfull.  
 

The model results indicate that peak flows in 2004 mobilized no more than about 
10% of the channel bed at the two sites with lowest gradient and smallest bed material; in 
contrast, 24% of the channel bed at the site with the highest gradient and coarsest bed 
material was presumably under partial transport. Measurements of algal biomass taken at 
the three study sites after the peak in snowmelt runoff show that chlorophyll a levels 
reached values comparable to other pristine streams in Colorado. The correlation between 
benthic response and flow conditions was not strong at any of the sites in 2004, 
presumably because peak flows were far below average, resulting in little bed 
disturbance. Peak flows in 2005 were much higher, however, and it was evident that most 
of the bed was mobilized at each of the study sites. The contrast in flow and sediment-
transport intensity in 2004 and 2005 provides a unique opportunity to assess the 
importance of disturbance on the ecology of a subalpine stream system. 
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Variations in Extreme Flooding during the Holocene in the Western 
United States Inferred from Contemporary Flood and Paleoflood Data 

 
Robert D. Jarrett,  

U.S. Geological Survey, Lakewood, Colorado, rjarrett@usgs.gov 

 
Climatic conditions naturally vary over time; however, recently there has been 

growing concern that anthropogenic effects may also influence climatic variability. 
Paleoclimatic techniques including dendrochronology, carbonate geochemistry, sediment 
stratigraphy, and isotopic analysis have been employed by other researchers to document 
mean annual temperature, precipitation, and streamflow fluctuations. Substantial 
modeling has been done to assess the potential effects of climate change on mean annual 
temperature, precipitation, and streamflow. However, there has been little research 
related to the effects of climate change on extreme flooding. This presentation compares 
contemporary (about the past 100 years) and Holocene paleoflood data for extreme floods 
within four distinct hydroclimatic regions in the western United States. These include the 
High Plains and Rocky Mountain regions of Colorado, the east slope of the North 
Cascades in Washington, and the southwest desert. For each region, envelope curves of 
maximum flooding and associated drainage basin size were developed for contemporary 
and Holocene data and basin conditions. These envelope curves of maximum 
contemporary floods and paleofloods then were used to infer effects of climatic 
variability on flood magnitude during the Holocene. The envelope curves of maximum 
flooding for the paleoflood data range from less than about 30 percent larger than 
envelope curves for contemporary maximum flooding; the range depends on the 
hydroclimatic region. Thus, differences in climate and basin conditions during the 
Holocene appear to have had varying effects on flood magnitude in these study regions. 
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Hydraulic Modeling Analysis of the Middle Rio Grande River from 
Cochiti Dam to Galisteo Creek, New Mexico 

 
Susan Novak1 and Pierre Julien2 

 
1Department of Civil Engineering, Colorado State University, Fort Collins, CO  

sjnovak@engr.colostate.edu 
 

2Department of Civil Engineering, Colorado State University, Fort Collins, CO  
pierre@engr.colostate.edu 

 
Sedimentation problems with the Middle Rio Grande have made it a subject of 

study for several decades for many government agencies involved in its management and 
maintenance.  Since severe bed aggradation in the river began in the late 1800’s, causing 
severe flooding and destroying farmland, several programs have been developed to 
restore the river while maintaining water quantity and quality for use downstream.  
Channelization works, levees, and dams were built in the early 1900’s to reduce flooding, 
to control sediment concentrations in the river and to promote degradation of the bed.  
Cochiti Dam, which began operation in 1973, was constructed primarily for flood control 
and sediment detention.  The implementation of these channel structures also had 
negative effects, including the deterioration of the critical habitats of some endangered 
species. 

 
The reach under analysis stretches 8.2 miles from Cochiti Dam to Galisteo Creek.  

This study quantifies spatial and temporal trends in channel geometry, discharge, and 
sediment in the reach, and estimates future potential conditions of the Cochiti Dam reach.  
This will help various management agencies identify areas of the Middle Rio Grande that 
are more conducive to restoration efforts for these endangered species.  
 

This study focuses on post-dam trends in the Cochiti Dam reach.  The highly 
controlled dam reduced peak annual flow rates to less than 10,000 cfs.  Decreasing trends 
in width, width/depth ratio, and cross-sectional area were noted.  Thalweg degradation 
averaged 2 feet over the entire reach.  Median bed sediment sizes increased from an 
average of 0.1 mm in 1962 to an average of 24 mm in 1998.  This was due to the 98% 
decrease in suspended sediment after the dam construction.  The clearwater discharge 
from the dam scoured the bed and narrowed the channel slightly.  The bed degradation 
and bed material coarsening seen in this reach is consistent with previous studies on the 
Middle Rio Grande River.  The planform has changed from a braided to single thread 
meandering channel from 1918 to 2004.   
 

The sediment transport capacity of the river is very high at the outlet of Cochiti 
Dam due to the release of clear, sediment starved water.  The capacity has decreased 
since 1972, however, because the bed has coarsened.  The upstream bed has armored and 
the sediment-starved water may soon begin eroding the banks with lateral motion.  
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Pattern and Process of Headward Erosion in Salt Marsh Tidal Creeks 
   

Melynda May and Mark M. Brinson 
 

Center for Limnology, CIRES, University of Colorado, maym@cires.colorado.edu 
 

Tidal creeks erode headward in response to rising sea level on the eastern shore of 
Virginia, and the pattern of erosion and associated ecological state change is determined 
by the slope of the salt marsh from sea level to upland.  Ecological state change has not 
previously been studied in headward eroding tidal creeks.  We hypothesized that high 
marsh vegetation is replaced by low marsh vegetation as the creek erodes headward, and 
that creeks occurring in marshes with a low slope erode at the highest rate.  We measured 
slope, soil characteristics, and vegetation characteristics along a transect from the head of 
the creek toward the uplands.   

 
We found that ecological state change around tidal creeks in marshes with a low 

slope occurs as a steep terrace of peat deposits that deteriorates near the head of the 
creek.  Decomposition and erosion of the terrace occurs when small holes form within the 
peat and enlarge over time, and high marsh vegetation growing on the peat deposits is 
replaced by low marsh vegetation.  Tidal creeks in marshes with a steep slope do not 
exhibit a terrace and headward movement into the mineral soils of these marshes is 
primarily due to erosion.  Replacement of high marsh vegetation by low marsh vegetation 
is more gradual.  Tidal creeks in marshes with an intermediate slope have a weak terrace 
that is proportional to the thickness of the peat deposits that overlie mineral soils.  We 
suggest that high water velocities at the head of the tidal creek at the onset and at the end 
of high tide allow headward erosion to occur, although other researches report that lower 
portions of tidal creeks to be areas of high sediment deposition.   
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The Colorado River is one of the most important sources of water supply for 
seven western states of the United States as well as for the northwestern region of the 
Republic of Mexico. The Colorado River runs through semiarid and arid regions of North 
America and is subject to extreme climatic and hydrologic processes that generally cause 
major physical, environmental, and social impacts and consequences. The waters of the 
Colorado River are utilized for irrigation, municipal, hydropower, industrial, mining, 
recreational and environmental purposes. Operating criteria for the reservoirs on the 
Colorado River are in accordance with a complex set of interstate compacts, 
congressional legislation, court orders, and an international treaty, collectively known as 
the “Law of the River”.  

 
In the 100-year recorded history of river flows in the Colorado River system, it is 

clear that the system has been subject to a number of adverse climatic episodes ranging 
from wet periods to periods of drought. For example, the record shows periods of low 
flows and droughts such as the dust bowl years of the late 1920s and 1930s and the 2000-
2004 drought in the Western United States. The Bureau of Reclamation has significant 
operational responsibilities for the Colorado River system, but must also consult with its 
partners, stakeholders and, as appropriate, the general public as it formulates operating 
policies for its reservoirs. These policies, operational agreements, and operating rules and 
procedures must be tested and updated from time to time as new hydrological and 
climatic data becomes available and as further demands and regulations exert additional 
stresses on the system.  

 
The streamflow variability of the Colorado River system may be analyzed by 

well-known statistical approaches as suggested in literature. Almost 100 years of 
historical streamflow records are available at many key sites in the system, but such a 
record may not be enough to capture accurately the effect of low frequency, which plays 
a significant role in the occurrence of extremes episodes of wet and dry years. Therefore 
alternative ways must be found for identifying and quantifying the nature of such extreme 
episodes. Stochastic modeling and simulation techniques can be applied for such purpose 
which enable one to analyze likely streamflow scenarios that may occur in the future. 
Alternatively, the historical streamflow records can be extended by using proxy data. In 
this paper, we describe a procedure for reconstructing the streamflow records of theUpper  
Colorado system based on tree ring indices. The procedure is based on a multivariate 
stochastic model to reconstruct records at the annual time scale and then disaggregating 
such annual quantities into monthly by using a disaggregation model. We will also show 
comparisons of certain drought statistics obtained from the historical records as well as 
the reconstructed records.  
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Tree-ring chronologies from moisture-sensitive living trees in the upper Colorado 
River basin have been used to develop reconstructions of streamflow, precipitation, and 
drought that extend 400-700 years into the past. Most of these chronologies begin in the 
1300s and 1400s, but at many of the chronology collection sites, there is well-preserved 
remnant material in the form of stumps, logs, and standing dead trees. This material 
presents an opportunity to extend living-tree chronologies further into the past.   
 

The goal of this project was to revisit 12 living tree chronology sites to collect 
remnant material in an effort to extend those chronologies back an additional 200-400 
years or more. Our objectives were twofold: (1) to provide longer overlap with new high-
resolution lake sediment records collected by USGS researchers, and (2) to develop 
longer reconstructions of streamflow in the region. Extending at least several of the 
chronologies to the ninth century would also shed light on drought variability during the 
so-called Medieval Warm Period (cf. AD 900-1300), which according to tree-ring and 
other proxy data from the western U.S. was relatively dry and punctuated by severe 
and/or widespread multi-decadal droughts. 
 

In August 2005, we collected over 170 cross-sections from remnant material at 
these 12 sites in western Colorado. Thus far, four of the 12 site collections have been 
worked up, with results exceeding our expectations. Three of the four have yielded 
remnants with inner dates before AD 700, and two of the resulting site chronologies, the 
longest yet developed in Colorado, have sufficient sample depth to allow inferences 
about drought variability back to at least AD 900. Also this past summer, a USGS team 
collected core samples from Yellow Lake in the Flat Tops north of Glenwood Springs. 
The appearance of the sediments suggests that a multi-millenial record of oxygen isotope 
composition—a proxy for climate variability—can be extracted from the cores and 
compared and calibrated with the tree-ring records.   
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Many factors can limit the population of aquatic animals in a river.  These 
limiting factors include 1) physical habitat, 2) water quality, 3) energy inputs from 
the watershed, 4) biotic interaction between species, and 5) characteristics of the 
streamflow regime.  This paper explores the analysis of water quality as a limit on 
the fishery when metals toxicity is important.  In the upper Animas River in 
southwestern Colorado, the toxicity of the metals in the water is the most 
important limit at this time.  An important source of metals toxicity is dissolved 
metals in the substrate’s pore water and metals attached to very fine sediment in 
the pore water.  As a result, sediment dynamics are an important factor in metals 
toxicity.   

 
Two topics presented are 1) water quality as a limit and 2) the pore water 

characteristics.  The presentation about water quality as a limit demonstrates an 
approach to transforming water quality information to suitability of the water 
quality for trout in the Animas Basin.  Another important aspect of water quality 
as related to the suitability of the waters for trout is the metals found in the 
interstitial waters of the substrate sediments.  Two methods have been used to 
sample the pore water.  Both methods show than the pore waters can be of 
significantly different quality than the surface waters. 
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