












































































































































































































































































































Fine Sediment Infiltration in a GravelBedded River 
Elena Evans, The University of Montana 

 
Summary 
Pulses of fine sediment in gravel‐bedded rivers can cause extensive fine sediment 
infiltration, potentially altering river morphodynamics and aquatic ecosystems. Fine 
sediment infiltration occurs when sand and silt are deposited into void spaces 
between gravel at the riverbed. This study takes advantage of a dam‐removal that 
caused the release of contaminated fine sediment into a gravel‐bed river to 
investigate the magnitude, duration, and spatial pattern of infiltration. Comparison 
of metal concentrations of fine sediment collected in TSS samples, infiltration bags, 
and freeze cores suggests that these samples were supplied from different source 
populations; the fine grained sediment in transport is largely unseen at depth in the 
freeze core data. Variation of freeze core samples, spatially and at depth, indicate 
that reworking of sediment largely dictated infiltration of contaminated reservoir 
sediments through this reach. 
 
Work to date 
There are three phases of my research on fine sediment infiltration: field work, 
metal analysis and modeling. Fieldwork and metal analysis have been completed. 
Modeling with this data will be completed during the upcoming Spring semester.   
 
Fieldwork consisted of bulk sampling, suspended sediment collection, infiltration 
bags installation and freeze cores. On average, Freeze core samples had the lowest 
metals concentration, with higher concentration in infiltration bag samples. 
Concentrations were the highest in the suspended sediment samples. This 
distribution indicates that at the time of the sediment pulse resulting from the 
erosion of contaminated sediment in the Milltown reservoir, there was little 
available pore space in the field area. The suspended sediment sample demonstrates 
that sediment moving through the system contains contaminates. Infiltration bags 
indicate that if pore space is made available the sediment in transport will deposit.  
 
Future Work 
Variation of metal concentrations among the freeze core and infiltration bag data 
will be investigated in the context of a 2‐D model. Local flow variation over the 
course of the hydrograph could dictate pore space creation and thus explain areas of 
higher metal concentration.  
 
This work has been presented at the 2010 American Geophysical Union Conference 
(http://adsabs.harvard.edu/abs/2010AGUFM.H31E1052E). Once modeling is 
complete, findings will be submitted to a peer‐reviewed journal.  
 
 



Student Fellowship: Fisheries Restoration Potential of the
Clark Fork River Superfund Site: Habitat Use and Movement
in Relation to Environmental Factors

Basic Information

Title: Student Fellowship: Fisheries Restoration Potential of the Clark Fork River Superfund
Site: Habitat Use and Movement in Relation to Environmental Factors

Project Number: 2010MT225B
Start Date: 3/1/2010
End Date: 12/31/2010

Funding Source: 104B
Congressional

District: At-Large

Research
Category: Ecological Processes

Focus Category: Toxic Substances, Solute Transport, Acid Deposition
Descriptors: None

Principal
Investigators: Mariah Mayfield

Publications

There are no publications.
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Mariah Mayfield 

 

Fisheries Restoration Potential of the Clark Fork River Superfund Site: Survival, Habitat 

Use and Movement of Trout in Relation to Environmental Factors 

 

 Large scale heavy metal contamination of the upper Clark Fork River from mining 

deposits has created significant damage to aquatic habitat in the drainage, leading to its 

classification as the largest Superfund site in the United States. Trout populations were largely 

eliminated from much of the basin during the early 1900’s, but recent surveys show evidence of 

recovery in response to remediation efforts with trout density at about 10% of expected. 

Agencies are embarking on a large scale fisheries restoration program, but little is known about 

critical trout habitat within this drainage. Such information is vital to designing recovery efforts 

and maximizing recovery success. The objectives of this study are to identify key spawning, 

summer rearing, and over-wintering habitat areas and to identify conditions continuing to limit 

trout populations, such as the environmental effects caused by increased heavy metal 

concentrations. 

 After pilot studies conducted during the summer of 2009, it became evident that one of 

the factors potentially limiting trout populations in the upper Clark Fork River basin is increased 

mortality rates during periods of poor water quality. Through data collected by USGS, we know 

that during spring run-off periods heavy metal concentrations exceed recommended standards. 

This is also a time period where we have observed increased radio-tagged fish mortality. 

Additionally, water temperature in the late summer often exceeds the optimal rearing 

temperature for trout, potentially causing a spike in mortality rates that has been observed during 

this time period. Based on these initial observations, for 2010 we increased the amount of water 

quality data being collected throughout the study area. Basic water quality parameters (dissolved 

oxygen, temperature, pH, and conductivity) were collected at least twice a month throughout the 

summer at a total of 22 sites on the mainstem Clark Fork River and major tributaries. Once a 

month and during high flow events, water samples were collected at six mainstem locations and 

were sent to a laboratory for total recoverable heavy metal concentration analysis. Greater care 

was also taken to monitor when and where fish mortalities occurred. The new radio tags placed 

in fish during 2010 all had mortality sensors built in to help us do this. Additionally, we did our 

best to recover mortality tags as soon as possible, in order to attempt to identify possible cause of 

death. In fall 2010, 50 additional trout were tagged in the mainstem and two major tributaries, in 

order to analyze the different mortality patterns between mainstem and tributary fish and to 

determine if tagging fish in the spring (right before run-off) may be leaving them more 

susceptible to the mortality effects of heavy metal contamination.  

 Although the data is still being analyzed, we did observe a few trends during summer 

2010. We once again saw increased mortality rates during spring run-off (Figure 1). This 

mortality is not likely related to potential tagging injury because there was a large percent of fish 

tagged in 2009 that also died during this 2010 run-off period. The pattern of increased fish 

mortality during late summer was also observed in 2010, for fish tagged in both study years. Fish 

tagged in the fall have shown an increased survival rate, although we observed another spike in 

mortality rates for brown trout in late fall, most likely due to post-spawning mortality. We have 

not yet begun to analyze if there is a spatial difference in mortality rates, but this will be 

something that we investigate thoroughly in conjunction with our habitat analysis.  



 Understanding the factors that are limiting trout populations in the upper Clark Fork 

River is essential for successful remediation of the fishery. Although this data is still preliminary, 

there is evidence that heavy metals may not be the only environmental factor leading to reduced 

trout populations; high water temperature and associated poor water quality may also be a 

limiting factor. With one more year of this study and a plan for increased monitoring of water 

quality, it is our goal that we will be able to show the relationship between poor water quality 

and survival rates more clearly.  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Mortality rates and environmental factors, summer 2010. Note the spikes in 

mortality rates during the spring run-off period and in late summer.  
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Student Fellowship: Rapid detection of pathogens in water
using a combination of molecular techniques

Basic Information

Title: Student Fellowship: Rapid detection of pathogens in water using a combination of
molecular techniques

Project Number: 2010MT228B
Start Date: 3/1/2010
End Date: 12/31/2010

Funding Source: 104B
Congressional

District: At-large

Research Category: Water Quality
Focus Category: Water Quality, Methods, None

Descriptors: None
Principal

Investigators: Kien Lim

Publications

There are no publications.
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Kien Lim 

1/5/11 

Water Center fellowship Research Summary 

 Tyramide signal amplification (TSA) on FISH probed Escherichia coli (E. coli) was 

optimized to produce fluorescence intensity close to that of SYBR green stained E. coli cells. 

 With the technique optimized, Legionella pneumophila was used as the first candidate to 

test if the optimized technique can produce the same result when compared to E. coli. Legionella 

pneumophila ATCC 33153 powder form was resuspended in BCYE broth and incubated at 37°C 

until a film of growth (white) was observed at the bottom of the BCYE broth tube. When growth 

was observed, the suspension was mixed on a vortex to resuspend growth evenly in the BCYE 

broth, before streaking the suspension onto several BCYE plates. 

 Legionella pneumophila growth on BCYE plates was used to test if the optimized 

technique for E. coli will work for Legionella pneumophila. Legionella FISH and Eubacterial 

FISH probes were used. Legionella pneumophila and E. coli cells were used and both were 

labeled with Legionella FISH and Eubacterial FISH probes so that there is a control for 

comparison. 

 E. coli cells probed with Eubacterial FISH probes were positive with fluorescing cells 

and E. coli cells probed with Legionella FISH probes were negative with no fluorescing cells. 

Legionella pneumophila cells probed with Eubacterial FISH probes were positive with 

fluorescing cells, but Legionella pneumophila cells probed with Legionella FISH probes were 

negative with no fluorescing cells. 

 It can be observed that the E. coli optimized technique works on both E. coli and 

Legionella pneumophila. It seems like the cause of Legionella pneumophila cells probed with 

Legionella FISH probes to not work, lies on the probes itself.  

 The first thing, we did was to find out the concentration of all the probes. Based on 

NANO drop readings, all probes were around 85ng/µl. The concentrations were what we 

expected them to be, the next thing we have to check is the sequence of the Legionella probe. 

 Once the sequence of the Legionella probe is verified and labeling Legionella 

pneumophila with Legionella probes work, we can expect to carry out the technique on several 

other water pathogens that were listed in the initial proposal. 



Student Fellowship: Distinguishing anthropogenic
influences on a changing flow regime of the Upper Smith
River, Meagher County, Montana

Basic Information

Title: Student Fellowship: Distinguishing anthropogenic influences on a changing flow
regime of the Upper Smith River, Meagher County, Montana

Project Number: 2010MT229B
Start Date: 3/1/2009
End Date: 12/31/2010

Funding Source: 104B
Congressional

District: At-large

Research
Category: Ground-water Flow and Transport

Focus Category: Geomorphological Processes, Surface Water, Water Quantity
Descriptors: None

Principal
Investigators: Andrea Stanley

Publications

There are no publications.
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Final project summary for Montana Water Center Student Research Fellowship Program 

(2010 research year): 

 

Investigation of hydrologic regime change in an evolving semi-arid agricultural 

watershed, Upper Smith River, Montana      

Andrea Stanley, University of Montana, Missoula 

 

My research seeks information critical to effective water management in Montana’s 

semi-arid climate including: the degree to which current agricultural land and water use 

affects the hydrologic regime; where and when the effects of this use are most prominent; 

and how future changes may affect future water availability for agricultural, recreational, 

and ecological use. My specific research questions and objectives are: 

 

(1) How is agricultural water use currently affecting the flow regime of the Smith 

River? 

(2) What are the potential effects of future changes in land and water use on flow 

regimes in the Smith River? 

 

The advent of agricultural water and land use in the Smith River watershed predates 

local stream gage, climate, and vegetation land-cover records. Therefore a natural flow 

regime will be created artificially using the calibrated and tested precipitation-runoff 

model of the area, current climatic conditions, and artificially created watershed 

parameters to simulate a non-agricultural watershed.  

 

I have built a preliminary watershed model and produced hydrographs according to 

current agricultural and climate conditions using a distributed watershed model. The 

modeling software used is the U.S. Geological Survey’s Precipitation Runoff Modeling 

System (PRMS; Leavesley, 1983). Eventually, after refinement and calibration, I will use 

this model to test the sensitivity and resilience of a semi-arid hydrologic regime to 

agricultural land and water use.  

 

Several methods will be employed to create non-agricultural watershed parameters 

for the model and projected future conditions, including modification of vegetation types 

such as irrigated areas, grasslands, forest, and wetlands, and removal of water 

development structures such as reservoirs.  

 

Flow metrics of particular focus include frequency of low flow spells, duration of low 

flow pulses, and the Julian date of annual minimums. Analyses include stream discharge 

data acquired from the USGS, and stream discharge data simulated using PRMS. 

 

 

Thank you for your support, 

Andrea Stanley 



Information Transfer Program Introduction

The Montana Water Center fills the unique role of coordinating Montana University System (MUS)
water-related research, and disseminating and applying its findings for the benefit of the people of the state.
And, as Montana is a headwaters state to two of the nation's major river drainage basins: the Missouri and the
Columbia, how Montana manages its water and aquatic plants and animals can have far ranging impacts
downstream. Obviously these are not closed systems. Montana's aquatic resources are also impacted by what
comes into the state, be it acid rain, drought, aquatic nuisance species, or wind carried dust and debris that can
increase snowpack melt.

Of course, climate change is a growing concern and, as research is being done to determine the impact this
will have on Montana, the Montana Water Center is part of a multi-disciplinary effort to prepare for inevitable
change. To prepare, people need to be informed, and the Center uses some of its USGS funding to provide
forums and outlets for information exchange. During the period March 1, 2010 through February 28, 2011, the
Montana Water Center drew on its USGS support to conduct outreach activities and programs listed under the
Statewide Education and Outreach project.

Information Transfer Program Introduction
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Statewide Education and Outreach

Basic Information

Title: Statewide Education and Outreach
Project Number: 2010MT236B

Start Date: 3/1/2010
End Date: 2/28/2011

Funding Source: 104B
Congressional

District: At-Large

Research
Category: Not Applicable

Focus Category: Education, Water Quality, Water Quantity

Descriptors: drinking water, climate change, small public drinking water systems, native fish, stream
restoration, aquatic nuisance species, wetlands, hydrology, water law

Principal
Investigators: Steve Guettermann, Mary Jo Nehasil

Publications

Montana Water Center, 2010, Saving Water & Energy in Small Water Systems, Web-based:
http://watercenter.montana.edu/training/savingwater/default.htm

1. 

Montana Water Center and Montana Department of Environmental Quality, 2010, Decision-maker's
Guide to Montana's Water - Wetlands. Web-based:
http://watercenter.montana.edu/training/decisions/wetlands/default.htm

2. 
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Supporting students to become water science professionals is a core mission of the Montana 

Water Center. To that end, the center worked closely this year with faculty researchers to engage 

students in water-related research, and subsequent reports and published papers. Center staff 

frequently encouraged aquatic science, engineering and students in related disciplines to apply 

for student fellowships. This outreach increased the diversity of students with whom the center 

worked. Faculty researchers who received research funding from the Water Center are required 

to actively mentor students in the research projects. The Water Center also encouraged students 

engaged in water resource studies to present at conferences. Staff also led an upper level seminar 

class for environment science students. 

In addition to working with faculty and students, Water Center programs reached thousands of 

other water resource professionals, teachers, farmers, ranchers, engineers, drinking water and 

wastewater system operators and other professionals throughout the state. Specific information 

transfer activities include the following.  

* Published twelve Montana Water e-newsletters and distributed them monthly to almost 1,800 

professionals, students and decision makers concerned with water resource management. 

Newsletter archives are posted at http://water.montana.edu/newsletter/archives/default.asp. 

* Continued the web information network MONTANA WATER, at http://water.montana.edu. 

Known as Montana's clearinghouse for water information, this website includes an events 

calendar, news and announcement updates, an online library, water-resource forums and water 

source links, an expertise directory, water facts and more.  

* With Federal stimulus money administered through the Montana Department of Natural 

Resources and Conservation, is completing production of seven water science training modules 

for local Montana elected officials and state legislators. Surveys show that often decision makers 

are asked to make decisions that impact water quality and quantity, but frequently have no or 

little education, or understanding of, basic hydrology or other relevant water science topics that 

might be helpful for them to make informed decisions. These modules help fill some of the gaps. 

Its major topics are 1) wetlands, 2) water quality, 3) basic hydrology, 4) floodplain and riparian 

zone management, 5) Montana land use changes and water resources, 6) water data and 

modeling and 7) Montana water law. Three modules have been presented via webinars and other 

trainings, including a hydrology training to state legislators early in the 2011 legislative session. 

The four other modules are in the final stages of production and webinars and live trainings are 

being scheduled. 

* With funding from the EPA, the Montana Water Center is in the final stages of production of a 

training CD for small drinking water systems titled Arsenic and Radionuclides: Small Water 

System Treatment Experiences. The Center is working with five drinking water systems to 

profile their issues of choosing treatment protocols and the subsequent operating of their systems 

to meet drinking water standards for arsenic or radionuclides. The purpose of the training is to 

enhance the technical capacity among small water utility personnel and those who provide 

http://water.montana.edu/newsletter/archives/default.asp


technical assistance, funding or regulatory oversight; provide a better understanding of  the 

advantages and pitfalls of various options for dealing with source waters having elevated 

concentrations of arsenic or radionuclides and mitigation of hazard from treatment residuals. 

* Maintained and circulated a small library of paper documents related to Montana water topics. 

* Conducted the statewide water research conference on October 14-15 in Helena, Montana. The 

theme of the 27th annual meeting was Rivers of Change: Science, Policy and the Environment. It 

was a joint conference with the Montana Section of the American Water Resources Association. 

A field trip led by Montana Bureau of Mines and Geology researchers and a private engineering 

firm concentrated on the Ten Mile Creek area, an area negatively impacted by historic mining 

and which is being reclaimed. The conference attracted over 175 Montana researchers and policy 

makers and 25 students. Over forty researchers presented information on their latest findings 

along with nearly 30 poster displays. The web-based archive of this meeting is found at 

http://awra.org/state/montana/events/conf_archives.htm.  

* Responded to numerous information requests on water topics ranging from invasive aquatic 

species to water rights to streamside setbacks to contaminants and pollutants in Montana's 

surface and ground water, and ways to better manage ground and surface water.  

* Assisted elected and appointed officials, particularly those serving on the Montana Legislative 

Environmental Quality Council, the Water Policy Interim Committee (WPIC), and the 

Governor's Drought Advisory Committee, with water resource issues.  

* Sponsored and participated in Montana's 77th Annual Water School October 4-7, 2010 at 

Montana State University for 300 staff members of water and wastewater utilities. The school 

primarily helps prepare new system operators to pass the certification exam, and familiarizes 

participants with other resources they may find helpful in the future.  

* Created and distributed 1,500 copies of the black-and-white Montana Water 2011 calendar to 

elected officials, water resource managers and other partners and supporters. Designed to educate 

the public about water issues and aquatic life, photographers from all over the state contributed 

to the calendar.  

* The Montana Watercourse, which is part of the Montana Water Center, provides comparable 

outreach to watershed groups, teachers, developers, realtors and landowners. The Watercourse 

provided the following services and trainings in 2010. 

- Professional workshops and trainings for realtors and others on Montana water law – satisfied 

six mandatory continuing education credits for realtors 

- Volunteer water monitoring training for communities and schools 

- Assistance with local water education program development 

- Publications and guides on water resource and watershed topics 



- Teaching trunks filled with interactive water resource activities 

- Educator workshops, trainings and tours using Project WET and other curricula and materials 

- Direct support of landowners on such things as groundwater education, preventing nonpoint 

source pollution and other water quality issues 



USGS Summer Intern Program

None.
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Student Support

Category Section 104 Base
Grant

Section 104 NCGP
Award

NIWR-USGS
Internship

Supplemental
Awards Total

Undergraduate 15 0 0 0 15
Masters 12 0 0 0 12

Ph.D. 10 0 0 0 10
Post-Doc. 0 0 0 0 0

Total 37 0 0 0 37

1



Notable Awards and Achievements

The Montana Water Center assists small drinking water operators throughout the country by providing
continuing education via online download and CDs for system operators. To date, more than 50,000
water-utility workers have taken the Center's training courses nationwide.

Seth Kurt-Mason, a graduate student supported by a USGS/Montana Water Center research grant, earned
second place honors at the Montana AWRA conference for student posters. Seth Kurt-Mason is a master’s
student at Montana State University in Land Resources and Environmental Sciences.
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