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Introduction

Water research is more important than ever in Colorado. Whether the project explores the effects of
decentralized wastewater treatment systems on water quality, optimal irrigation scheduling, household
conservation patterns, the effects of wastewater reuse on turfgrass, the economics of water transfers, or
historical and optimal streamflows, water is a critical issue. In a headwaters state where downstream states
have a claim on every drop of water not consumed in the state, the quality and quantity of water becomes
essential to every discussion of any human activity.

The Colorado Water Institute (CWI), an affiliate of Colorado State University (CSU), exists for the express
purpose of focusing the water expertise of higher education on the evolving water concerns and problems
being faced by Colorado citizens. We are housed on the campus of CSU but work with all public institutions
of higher education in Colorado. CWI coordinates research efforts with local, state, and national agencies and
organizations. State funding currently allows CWI to fund research projects at CSU, Metropolitan State
University, Colorado Mesa University, and Colorado School of Mines.

Our charge this year included requests from the legislature and state and federal agencies. The Colorado
Legislature continues to call upon the Colorado Water Institute to provide science-based approaches to water
management. The Colorado Department of Public Health and Environment requested our assistance in
engaging researchers and Extension in the public discussions of water quantity issues around the state. Water
Roundtables in designated water basins elicited input from stakeholders with the goal in mind of creating an
environment for water sharing arrangements in the state. In addition, CWI and the Colorado Department of
Agriculture are co-chairing the State’s agricultural drought impact task force.

CWI serves to connect the water expertise in Colorado’s institutions of higher education to the information
needs of water managers and users by fostering water research, training students, publishing reports and
newsletters, and providing outreach to all water organizations and interested citizens in Colorado.
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Research Program Introduction

The Colorado Water Institute funded 8 student research projects, and 1 internship this fiscal year. The
Advisory Committee on Water Research Policy selected these projects based on the relevancy of their
proposed research to current issues in Colorado.

Under Section 104(b) of the Water Resources Research Act, CWI is to plan, conduct, or otherwise arrange for
competent research that fosters the entry of new scientists into water resources fields, expands understanding
of water and water-related phenomena (or the preliminary exploration of new ideas that address water
problems), and disseminates research results to water managers and the public. The research program is open
to faculty in any institution of higher education in Colorado that has demonstrated capabilities for research,
information dissemination, and graduate training to resolve State and regional water and related land
problems. The general criteria used for proposal evaluation included: (1) scientific merit, (2) responsiveness to
RFP, (3) qualifications of investigators, (4) originality of approach, (5) budget, and (6) extent to which
Colorado water managers and users are collaborating.

Active NIWR projects and investigators are listed below:

Student Research

2016CO318B Investigating relationships between drought management strategies and factors
contributing to their selection in analysis of adaptive capacity of South Platte River Basin water
providers, Amber Childress Runyon (Ojima), Colorado State University, $4,948 (104b)

1. 

2016CO319B Watershed monitoring across the snow transition zone: an east slope-west slope
comparison, John Hammond (Kampf), Colorado State University, $4,770 (104b)

2. 

2016CO320B Changes in water, sediment, and organic carbon storage in active and abandoned
beaver meadows, DeAnna Laurel (Wohl), Colorado State University, $4912 (104b)

3. 

2016CO322B Evaluating wood jam stability in rivers, Daniel Scott (Wohl), Colorado State
University, $5,000 (104b)

4. 

2016CO323B Channel restoration monitoring of the upper Colorado River, Rocky Mountain National
Park, CO, Matthew Sparacino (Rathburn), Colorado State University, $5,000 (104b)

5. 

2016CO324B Water sampling and the effects of plastic absorption on heavy metals, Haley Sir
(Brazeau), Metropolitan State University of Denver, $3,200 (104b)

6. 

2016CO325B Microbial community responses to metals contamination: mechanisms of metals
exposure and bioaccumulation in a stream food web, Brian Wolff (Clements), Colorado State
University, $5,000 (104b)

7. 

2016CO326B Comparing fine scale snow depth measurements at rocky and flat surfaces using lidar
and photogrammetry derived digital elevation models, Roy Gilbert (Fassnacht), $4,891 (104b)

8. 

FY16 Funded Internship

MOWS - Modeling of Watershed Systems NIWR-USGS Student Internship II, Roland Viger, USGS,
$20,000, Melissa Valentin (Colorado School of Mines)

1. 

WEBB- Water, Energy, and Biogeochemical Budgets NIWR-USGS Student Internship Program,
Edward Stets, USGS, $40,219, Hannah Podzorski (Colorado School of Mines)

2. 

For more information on any of these projects, contact the PI or Reagan Waskom at CWI. Special
appreciation is extended to the many individuals who provided peer reviews of the project proposals.
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Trace Organic Contaminants (TOrCs) in Urban Stormwater
and Performance of Urban Bioretention Systems: a Field
and Modeling Study

Basic Information

Title: Trace Organic Contaminants (TOrCs) in Urban Stormwater and Performance of Urban
Bioretention Systems: a Field and Modeling Study

Project Number: 2015CO316G
USGS Grant

Number:
Start Date: 9/1/2015
End Date: 8/31/2018

Funding Source: 104G
Congressional

District: CO07

Research Category: Water Quality
Focus Category: Hydrology, Water Quality, Non Point Pollution

Descriptors: None
Principal

Investigators: Christopher Paul Higgins, Edward T Furlong, Terri Hogue, John E. McCray

Publications

There are no publications.
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NIWR Research Progress Report: 
Trace Organic Contaminants (TOrCs) in Urban Stormwater and Performance of Urban 

Bioretention Systems: a Field and Monitoring Study 
 

Project Participants: Christopher Higgins (PI, Colorado School of Mines), Aniela Burant 
(Post‐Doctoral Researcher, Colorado School of Mines), Edward Furlong (Co‐PI, U.S. 
Geological Survey), William R. Selbig (Co‐PI, Wisconsin Water Science Center), Terri 
S. Hogue (Co‐PI, Colorado School of Mines), John E. McCray (Co‐PI, CSM), Kathryn 
Lowe (Colorado School of Mines). 
 
Introduction 
 
Previous research on chemical contaminants in stormwater has focused on the 
occurrence and fate of compounds regulated under the Clean Water Act (e.g., metals, 
polycyclic aromatic hydrocarbons, nutrients). More recently, new research has identified 
new types of organic chemical contaminants in stormwater, including: biocides, rubber 
additives, flame retardants, and perfluorinated compounds. Most research is still 
focused on identifying hydrophobic contaminants, not polar organic compounds. In 
addition, little research has attributed organic contaminants to land use. Determining 
sources and relative loads of organic contaminants in stormwater will help inform 
policymakers in determining total maximum daily loads for certain trace organic 
contaminants in stormwater, and help inform engineering decisions related to treatment 
of stormwater. This data will inform improvements to the EPA Sustain and WinSLAMM 
models, which are designed to predict loadings to receiving bodies of water. 
 
Another research objective is focused on evaluating bioretention  of trace organic 
contaminants. Much research has focused on evaluating removal rates of hydrophobic 
organic compounds such as polycyclic aromatic hydrocarbons, however there is 
comparatively less data on trace polar organic contaminants, such as pesticides. This 
project aims to evaluate influent and effluent concentrations of both hydrophobic and 
hydrophilic compounds. This data will help inform policymakers in determining of total 
maximum daily loads of certain trace organic contaminants in stormwater, and help 
inform engineering decisions related to treatment of stormwater. This data will inform 
improvements to the EPA Sustain and WinSLAMM models, which are designed to 
predict loadings to receiving bodies of water. 
 
Research Objectives 
 

1. Identify sources, levels, and occurrences of TOrCs in urban environments. 
2. Evaluate the removal of both hydrophobic and hydrophilic TOrCs in 
bioretention systems. 
3. Evaluate existing stormwater models for predicting loadings to receiving 
bodies of water 

 
 
 



 

 
 
Hypotheses 
 
H1: There will be strong relationships between specific classes of TOrCs in stormwater 
associated with specific land uses types [with exceptions]. 
H2: Bioretention systems will effectively remove hydrophobic TOrCs (>90% removal), 
but will be less effective for polar TOrCs. 
H3: Load sampling will help identify data model gaps. 
 
Study Area 
 
Two field sites have been secured related to Objective 1 for evaluation in Year one. 
Both are located in Madison, Wisconsin. One field site is considered a high‐density 
residential site and the other one is a commercial strip mall site. Both have large 
percentages of impervious surface, and will produce significant volumes of runoff. 
 
Methods 
 
Samples are being collected with an ISCO auto‐sampler, and flow‐weight composited, 
which will allow for event mean concentrations of TOrCs in the stormwater to be 
obtained. The samples are filtered to remove particulate matter. Mass‐labelled 
surrogates are spiked in and the organic compounds from the dissolved phase are 
extracted via solid phase extraction, using Oasis HLB cartridges, and the TOrCs are 
eluted from the cartridges using methanol. The extracts are evaporated to 0.5 mL, and 
reconstituted to 2 mLs using methanol. The extracts are then analyzed by using 
liquidchromatography coupled with tandem mass‐spectrometry in both positive and 
negative electrospray ionization mode. Targeted TOrCs include: a variety of different 
pesticides and transformation products, flame retardants, and corrosion inhibitors. The 
extracts will also be analyzed by liquidchromatography coupled with quadrupole time‐of‐
flight for suspect screening of organic contaminants. 
 
Other samples are collected and are sent to the USGS’ National Water Quality Lab. The 
method to be used targets wastewater indicator compounds, which are extracted by 
liquid‐liquid extraction using dichloromethane. These samples are then analyzed by 
gas‐chromatography coupled with mass spectrometry. 
 
Preliminary Results and Achievements in the First Year 
 
This project has been recently funded. A literature review  of trace organic contaminants 
in stormwater is being conducted. A detailed work plan with identification of critical 
parameters and methodologies needed for assessment has been developed. Sampling 
for storm events on the high density residential site has started. Water samples from 
three storms, and a dry‐weather flow have been collected, and processed. Samples for 
the first event have been analyzed, and 22 of the 26 trace organic contaminants in the 
LC method had detectable limits of the TOrCs. Sampling and analysis is still on‐going. It 



 

is expected that sampling for the commercial strip area will begin in mid‐May. Due to the 
early nature of the project, there are not any notable awards or achievements, journal 
papers, or conference presentations to report (to date – please note a planned 
conference presentation for this coming summer). The direct and regular 
communication with U.S. Geological Survey (both Selbig and Furlong) has already 
yielded significant benefits to both parties with respect to information transfer. At 
present, no graduate students have been supported on the project, but we anticipate 
this to change within the coming year. In addition, we are seeking opportunities to 
provide student training through student internship programs. 
 
Future Conference Presentations 
 
A poster presentation is scheduled for the end of June at the Gordon Research 
Conference on Environmental Science: Water, titled “Correlating organic contaminants 
in stormwater with land use.” 



Investigating relationships between drought managment
strategies and factors contributing to their selection in
analysis of adaptive capacity of South Platte River Basin
water providers

Basic Information

Title:
Investigating relationships between drought managment strategies and factors
contributing to their selection in analysis of adaptive capacity of South Platte River Basin
water providers

Project Number: 2016CO318B
Start Date: 3/1/2016
End Date: 2/28/2017

Funding Source: 104B
Congressional

District: CO-004

Research
Category: Social Sciences

Focus Category: Drought, Law, Institutions, and Policy, Management and Planning
Descriptors: None

Principal
Investigators: Dennis Ojima, Amber Childress-Runyon

Publications

There are no publications.
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Final Report for Project 

Title: Investigating relationships between drought management strategies and factors 
contributing to their selection in analysis of adaptive capacity of South Platte River 
Basin water providers 

Investigators: Amber Childress-Runyon, PhD Student, Ecosystem Science and 
Sustainability, Colorado State University 

Advisors: Dr. Dennis Ojima, Ecosystem Science and Sustainability, Colorado State 
University, Senior Scientist, Natural Resource Ecology Laboratory 

Introduction 

Droughts in the western U.S. are common and as any water user knows, the 
question is not if drought conditions will return, but when (Dai, 2013; Cook et al., 2015). 
Water management in Colorado has developed as a result of periods of water scarcity, 
based on lessons learned and refinements made to water policy and management 
strategies during and after droughts. Over time, these incremental adjustments have led 
to a more robust water system over time (Jones and Cech, 2009). 

Water providers are organizations that often bear the responsibility of mitigating 
drought risk for water users, as they are the link between the environment and end 
users. Vulnerability created by droughts is mediated between actions taken by water 
providers. Most people in the U.S., particularly those residing within the western 
portions of the country, commonly receive their drinking water from these organizations, 
a percentage that is expected to grow in the coming decades (Hutson et al., 2004; 
Kenny et al., 2009; Engle, 2012).The primary objective is to distribute clean water to 
customers, which is achieved through a variety of strategies (e.g. maintaining large 
reserves, reservoirs, restrictions, education, pricing, etc.) that are made more difficult 
when conditions fluctuate far beyond normal. Engle (2012) notes that the increasing 
dependence of humans and ecosystems on water providers, combined with the 
potential impacts of climate variability and change, will make the delivery of high-quality 
water increasingly difficult in the future (Cromwell et al., 2007).  

Climate change vulnerability reports (Statewide Water Supply Initiative, 2010; 
Western Water Assessment, 2011; Colorado Water Conservation Board, 2013, 2015; 
Gordon and Ojima, 2014) suggest that in water-scarce regions strategies historically 
used by water providers to manage water resources may become insufficient. This 
uncertainty about the future raises the need to understand how water providers have 
dealt with water stress in the past and to determine what strategies to utilize in the 
future as the environment continues to change.  

Studies conducted by the State (Colorado Water Conservation Board, 2013) 
suggest that actions taken as a result of the 2002 drought increased the adaptive 
capacity of many water providers. However, because the results were aggregated by 
basin, the differences between providers’ capacities and factors that contribute to 
increased adaptiveness – both important for developing actionable policy aimed at 
reducing vulnerability – were not investigated. Leaving the ability of these water 
providers to adapt to future environmental changes unknown. Therefore, the objective 
of this study was to evaluate the variance in the capacity of water providers in the South 



Platte River Basin (SPRB) to meet their demand obligations, attributes, and institutions 
that affect their capacity to respond to droughts. This two part study evaluated the role 
that internal (organizational) and external (drought severity) factors play in affecting the 
capacity of water providers to meet water demands over time and strategies they use to 
mitigate drought effects. The first part is presented here, the second part builds off of 
this analysis to investigate institutional motivations or constraints for strategy selection 
and how that might impact capacity over time. 

 
Methods 

This study used an analogue approach, looking at past drought periods to 
understand what to expect in future droughts. Conveniently, there were two recent 
major droughts in the SPRB, in 2002 and 2012. The drought events were quite different 
temporally and in severity. The 2002 drought lasted longer than the 2012 drought, but 
the 2012 drought was more severe (Figure 1). Studying the impacts of both droughts 
from the perspective of water managers provides an opportunity to understand how 
incremental management and policy adjustments can evolve into long-term strategies 
on how to deal with water scarcity.  
 An event history calendar (EHC) was used to collect qualitative and quantitative 
data from managers in the SPRB. Engle (2013) proposed using EHC to gather temporal 
data on water management and adapted the tool which has commonly been used in 
anthropology to collect temporal data on individuals (Freedman et al., 1988; Axinn et al., 
1999; Engle, 2012). This methodology uses a matrix of visual cues and an interactive 
interview process to make memory recall easier for participants. The EHC collects time-
series data of water providers’ management strategies and functioning through time 
(Figure 2). 

The EHC collected two primary pieces of information from 2000-2015 including: 
1.) strategies water provides used and variations in the strategies, and 2.) their relative 
capacity to meet water delivery requirements (referred to simply as capacity). Strategies 
listed in the EHC were chosen from a review of sources evaluating management in the 
basin and expert interviews (Kenney and Morrison, 2003; Kenney et al., 2004; Colorado 
Water Conservation Board, 2013). To measure capacity in the EHC, participants were 
asked to rank from 0 to 3 their ability to meet their water delivery requirements over the 
time period: where 3 represents no impairment, full ability; 2 indicating moderately 
impaired but still able to meet all commitments; 1 – seriously impaired with questionable 
ability to meet commitments, and 0 – unable to meet commitments.  

Twenty-five water providers were interviewed for this study and were selected 
through stratified purposeful sampling. This type of sampling required dividing the 257 
providers into five strata based on characteristics such as their primary water source, 
population, and sub-region. Senior-level water managers filled out the EHC, guided by 
the interviewer in a semi-structured interview. All management documents and web 
content for each provider were also reviewed and utilized to fill in gaps where managers 
were unsure of strategies used or exact timing. In addition, conservation plans were 
also helpful in the research analysis.  



One of the many benefits of using the EHC was that it allowed for mixed methods 
research, requiring the collection of qualitative and quantitative data. This provided a 
more robust approach, resulting in an abundance of data used to analyze how providers 
managed their water systems, the functioning of their system over time, characteristics 
of their system, and motivations for changes (Engle, 2013). However, here only the 
variance in capacity among the water providers and an evaluation of internal 
characteristics that contributed to their ‘adaptiveness’ are presented. Future articles will 
contain further analysis. 

Results  

 This study asked each water provider to provide a semiannual rank for their 
capacity to meet water delivery demands, which served as a proxy for their capacity to 
cope with conditions over time. Results from a Wilcoxon signed rank test indicated that 
capacity was reduced from normal levels during the 2002 drought, but not during the 
2012 drought. In fact, capacity scores were higher in the second drought than the 
average of other non-drought periods, indicating that there was an increase in adaptive 
capacity. This was supported by interviews with water managers who said that lessons 
from the 2002 drought caused them to be more proactive during the 2012 drought, in 
addition to policy and structural changes made between the periods. 

The severity of drought effects on water providers and the suite of drought-
mitigation techniques available to them are largely determined by characteristics unique 
to each water provider (e.g. their source of water supply, seniority of rights, the type of 
community they serve, population growth rates, etc.). These internal factors shape both 
the motivation and ability to use management actions and their effectiveness. To 
evaluate how internal attributes contributed to capacity of water providers to meet their 
water demands over time and their choice of strategy, this study used hierarchical 
cluster analysis (HCA) to group the water providers based on organizational attributes. 
The Gower distance metric (Gower, 1971; Hennig and Liao, 2013) was used to 
calculate the dissimilarity between the water providers (which is appropriate for mixed-
type datasets) and the providers were divided into four clusters.  

Figure 3 illustrates the average number of strategies used by each of the 
clusters, which serves as a measure of their ‘adaptiveness’. Groups 2 and 3 continued 
to adopt new strategies after the 2002 drought, while groups 1 and 4 saw an increase in 
the number of strategies used during the 2002 drought and adopted a small number of 
strategies in the subsequent years. However, their adoption of new strategies leveled 
off in the mid-2000s and did not increase again, even during the 2012 drought period. 
This indicates that Groups 2 and 3 are likely more adaptive and continually alter their 
water management strategies to be reflexive to changing conditions, while Groups 1 
and 4 have more rigid responses. 
 

Generalized estimating equations were included to evaluate strategies most 
likely used by different water providers during droughts of varying severity, as well as 
how capacity changed relative to provider groups and drought conditions. These results 
revealed that Groups 2 and 3 used a more diverse suite of supply-augmenting and 
demand-reduction strategies both during and between droughts. However Groups 1 and 



4 primarily relied on supply increasing techniques between droughts and imposed 
mandatory restrictions during droughts.  

 
 

Discussion 

Looking to the past serves as a useful guide to understand how water systems 
will cope with future climate and population induced stresses. It is important to evaluate 
lessons learned and what enabled those lessons to transition into resilience. The 
increase of capacity for all water providers throughout the period of time presented in 
this study suggests that periodic droughts actually can increase the resilience of water 
managers, if they improve upon lessons learned. Because they were caught off guard 
and systems were impaired in 2002, water managers used the period after the drought 
to reorganize and develop new policies and/or update their systems. Then in 2012, 
when the signs of drought first appeared, water managers had established protocols in 
place. Some water providers were more adaptive to external pressures and continued 
to improve their management over time, while others were more rigid and only 
responded to abrupt changes, suggesting that the latter could be vulnerable to sudden 
or more severe droughts. While these results are only the first part of this study, they 
reveal that there is an association between internal and external factors and strategy 
choice and capacity. This analysis provides a better understanding of how water 
providers manage drought and their motivations for future adaptation. Further qualitative 
analysis will be conducted on this dataset to evaluate the role that institutions play as 
stimuli or barriers for adaptation and increasing adaptive capacity of water providers.  

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure 1. Drought Monitor status in the SPRB throughout the study period. http://droughtmonitor.unl.edu/  
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Figure 2. Example of EHC study participants filled out with interviewer.  For each time period 
represented in columns (semi-annual from 2000-2015), they indicated if each strategy was used, rows.  
They then characterized their ‘capacity’ to meet water delivery requirements by ranking their system from 
1-3 throughout the time period. 
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