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PROBLEM STATEMENT 

Generally, fences along roadways serve as safety measures to protect humans from vehicular 

collisions with wildlife and livestock by containing animals in appropriate pastures and keeping 

them off roadways. However, fences can act as semi-permeable or complete barriers to wildlife 

movement. As a consequence, through landscape fragmentation, fences reduce landscape 

connectivity, impede resource selection, and in addition, are a direct cause of mortality in ungulates 

(e.g., pronghorn, elk, deer) and other species (e.g., greater sage-grouse). To combat these effects 

on wildlife, multiple fence modifications have been recommended by management agencies in the 

past using the best available science to either facilitate or deter wildlife and/or livestock from 

crossing fences. To further refine and improve upon previous practices to improve wildlife 

movement, updated technologies and analytical approaches are now available to assess the 

effectiveness of recommended ‘wildlife friendly’ fence modifications. Further, there is not a clear 

understanding on the effects of fence densities on wildlife movements and large scale connectivity 

and where to mitigate wildlife-fence interactions to effectively sustain connectivity across roads 

and highways. Thus, agencies need effective approaches, rigorous tools, and reproducible 

frameworks to identify and prioritize locations to install ‘wildlife friendly’ fencing when 

considering mitigation measures for wildlife movement at both small and larger scales, all while 

addressing landowners needs and keeping livestock in the proper pastures.
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BACKGROUND SUMMARY 

During a preliminary literature search, fourteen studies were identified evaluating structures to 

facilitate wildlife (mainly ungulates) movements across roadways. Structures include underpasses 

and overpasses (including fencing associated with these structures), wildlife friendly fencing and 

cattle guards. The majority of these identified studies investigated the effectiveness of overpass 

and underpass structures on wildlife movements. These structures are used to reduce wildlife -

vehicle collisions, keep wildlife off roadways and improve ecological connectivity for targeted 

wildlife species by facilitating movement across roads. However, underpass and overpass 

structures can be expensive to build, can be an unwarranted mitigation measure for wildlife within 

specific ecological systems and in many cases, may be an unwelcomed measure in varying 

socioeconomic regions.  For example, an overpass structure may not be the most reasonably 

economic or social mitigation measure within a flat, prairie landscape. Importantly, none of these 

fourteen studies reported on the effectiveness of these various mitigation measures in keeping 

livestock in desired pastures.  Therefore, there is a gap in the literature for both analytically 

assessing and understanding the effects of various ‘wildlife friendly’ fencing modifications on 

wildlife and livestock movements. In particular, increased analytical assessment is needed to 

investigate fence density effects on wildlife movement, especially in relation to navigating federal 

and state funded highways. We anticipate that this project will provide a reproducible framework 

for other parts of the state, which will allow MDT to analytically assesses fence density impacts 

on wildlife crossing and the effectiveness of ‘wildlife friendly’ fence modifications for sustained 

habitat connectivity for wildlife. 
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BENEFITS AND BUSINESS CASE 

Fences are ubiquitous across the landscape, yet there is little understanding on their effects on 

wildlife. Fences pose both indirect (i.e., access to habitat, energetic costs) and direct (i.e., 

mortality) consequences to wildlife and thus, their effects are an important consideration. Wildlife 

and land managers must explore mitigation options to allow for wildlife connectivity, while at the 

same time, addressing human concerns (i.e., keeping motorists safe, keeping cattle in desired 

pastures). With increased technological advances in collecting spatiotemporal wildlife movement 

data, this is an ideal time for researchers and agencies to investigate wildlife-fence interactions. 

Results will provide scientifically-defensible recommendations that can be used to inform both 

agencies and the public of a more holistic multi-species ‘wildlife friendly’ fence design, including 

those that continue to keep livestock in desired pastures. These fence designs can be implemented 

in targeted multi-species seasonal ranges and migratory pathways and can be an effective and 

economic tool to both agencies and landowners by limiting both the time and money required to 

fix fencing. In our project, these ‘wildlife friendly’ fence modifications will be tested over large 

areas and consequently, we believe results can be implemented in many areas across Montana, not 

just the study area, therefore, we will produce a ‘wildlife-friendly’ testing and assessment 

framework that can be used for other areas across Montana, as well as the country. Additionally, 

the techniques used to identify and prioritize important locations for fence modification along 

roadways can be used as a model in other systems, using many species. As far as we know, this 

research is not currently required for any federal or state initiative or law. However, it will fulfill 

the goals outlined in MDT’s mission statement which include providing a transportation system 

that is safe, cost effective, and sensitive to the environment. Specifically, this provides a cost-

effective approach (relative to time and money) for mitigating road impacts on wildlife. The 

Benefit Cost (B/C) and Return on Investment (ROI) potential is high.  The request for funding has 

the potential to be returned to MDT and their stakeholders 100’s of times over, through the use 

and targeted application of the recommended fence designs. For every recommended fence design 

agreed to and constructed as right of way fence, MDT could see a $1.00 - $1.50 per linear foot 

cost savings over our present fence designs. The ultimate result of which would be a cost savings 

to the department of hundreds of thousands of dollars annually, based on MDT average bid prices 

from 2016. By using vigorous scientific approaches to test various fence modification 

effectiveness, the research will develop and recommend fence modifications that will allow for 

wildlife connectivity across the landscape while simultaneously, keep livestock in desired pastures, 

and it may identify prioritized locations along U.S. HWY 2 to mitigate future wildlife-fence 

interactions. In addition, the large-scale fence density analysis that is a critical part of this research 

will allow MDT to target specific areas across the state for the application of these recommended 

fence designs, thereby allowing MDT to be even more responsible in the use of its limited funding. 

Finally, personnel from the USFWS Partners for Wildlife Program, the U.S. Bureau of Land 

Management and The Nature Conservancy are already using information and recommendations 

when discussing the application of wildlife friendly fences with area ranchers, and with those who 

graze livestock on BLM allotments and this work will act as a force multiplier when combined 

with these similar efforts to benefit landowners and wildlife alike.
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OBJECTIVES 

The objectives of this project are: 

1) Evaluate effectiveness of various ‘wildlife friendly’ fence modifications (Figure 1-2) that 

have previously been recommended by multiple management agencies to assess their 

effectiveness in allowing for continued wildlife movements while effectively controlling 

livestock  

2) Use the outputs of a previously developed and published fence density map (Figure 5) and 

the results of the final evaluation of the effectiveness of various “wildlife friendly” fence 

modifications together, to guide MDT District Biologists and Right-of-Way Personnel in 

the application of effective “wildlife friendly” fences and other effective habitat 

connectivity measures on the landscape.  

3) Effectively demonstrate and present the importance of developing fence density maps for 

other important ecological areas, to create scientifically and economically defensible 

positions for MDT to use, in the justification for and the effectiveness of “Wildlife 

Friendly” fences and other habitat connectivity measures on the landscape as a prudent 

use of their limited resources. 

 

RESEARCH PLAN 

Objective 1) Wildlife and livestock-fence interactions are investigated by conducting field tests at 

The Nature Conservancy’s (TNC’s) Matador Ranch in North-Central Montana (MT) and at 

Canadian Forces Base (CFB) Suffield in Alberta (AB), using a Before-After-Control-Impact 

(BACI) experimental design. Previously, we deployed approximately 90 remote cameras in MT 

and AB to capture and process images of wildlife interacting with fencing. We evaluated the effects 

of three modifications types to barbed wire fencing on pronghorn, deer and livestock movements. 

These included modifying the lowest barbed wire using either smooth wire, PVC pipe (i.e., goat 

bars), or with a carabineer clip. Standardized procedures across study sites allowed us to collect 

uniform data on wildlife-fence interactions and assess wildlife and livestock use. We recently 

finished this work and it has since been accepted for publication in a peer-reviewed wildlife journal 

(Jones et al. In Press) which is the first analytical assessment of fence modification use by 

pronghorn. Currently, we have deployed other commonly used fence modifications for wildlife 

using a similar BACI experimental design to assess fence interactions by both wildlife (i.e., 

pronghorn, deer and elk) and livestock. For this project, we will assess these additional common 

fence modifications/deterrents which include greater sage-grouse markers and PVC pipe on top 

wires only, as well as initial monitoring of wildlife interactions in relation to electric fencing. 

Approximately 80 remote cameras have been deployed in MT and AB since late 2016. Markers to 

reduce greater sage-grouse strikes have been identified as a useful tool for mortality reduction 

(Stevens et al. 2012), however no assessment has been conducted on how these markers effect 

other wildlife (i.e., deer, elk, pronghorn) fence interactions.  Remote camera field trials will be 

completed by April 2018 and subsequent analysis will be initiated. We will follow the techniques 

used in Jones et al. In Press manuscript to analyze data consistently and make recommendations 

related to these fence modifications.  In summary, techniques include: 1) the use of a BACI study 

design with remote field cameras deployed to capture wildlife-fence interactions (Figure 3); 2) a 

standardized procedure across study sites to record wildlife-fence interactions and populate into 

database; 3) the use of statistical approaches (i.e. ANOVA, logistic regression, time-to-event 
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analyses) to identify parameters (including effectiveness of modifications) important to successful 

wildlife-fence crossings, unsuccessful livestock crossings, and time required for wildlife 

habituation to proposed modifications.   

 

 

 

Figure 1: Typical greater sage-grouse marker deployment  

Along fence line. Photo credit: National Wildlife Federation  

 

 

Figure 2: PVC pipe deployed on top wire of fence line.  

Photo credit: Montana Fish, Wildlife & Parks 
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Figure 3: Experimental design to capture wildlife-fence interactions 

 

Objective 2) Model results will be used to produce a large-scale connectivity map for pronghorn, 

across roadways, throughout the Hi-Line region of MT.  These maps could also be a tool, using a 

reproducible approach, to target specific roadside locations across Montana to mitigate barrier 

effects by installing validated ‘wildlife friendly’ fence modifications, thus increasing landscape 

connectivity for wildlife.  Specifically, we will first use maps of predicted pronghorn seasonal 

migratory pathways (Jakes 2015, Figure 4) in combination with fence density maps developed for 

the region (Poor et al. 2014, Figure 5). We will update the predicted seasonal migratory 

connectivity maps for pronghorn across Northern MT (Figure 6) with the developed fence density 

maps to account for various fence density scenarios effects (low to high, and targeted 

modifications) on overall pronghorn connectivity across the Hi-Line region. Seasonal migratory 

pathways and resulting connectivity maps were modelled using GPS data collected from collared 

female pronghorn over 6 years (n = 185). Both environmental gradients (e.g., slope, landcover, 

forage productivity) and anthropogenic factors (e.g., gas well density, road density) were used to 

assess migratory pathway selection. Fence density models were modelled using barbed-wire fence 

field data collected across 2 km transects (n = 632). Models included assumptions for fences along 

roads, and fences relative to landcover type, parcel size, parcel ownership and neighboring parcel 

ownership.  

We will conduct a rigorous, factorial modeling design to assess impacts of these fence 

density scenarios to connectivity along roads with and without fence modifications and using 

already created connectivity maps for pronghorn (Figure 6), can target specific areas for ‘wildlife 

friendly’ fence modification.  We first need to validate and test for the accuracy of the predicted 

seasonal migratory connectivity maps with and without the effects of fences. This will be 

accomplished by using a multi-model connectivity assessment approach to ensure reliability and 

confidence in key pronghorn highway crossing locations by conducting neighborhood averaging, 

factorial least-cost path with Gaussian smoothing, and cumulative resistant kernel modeling (i.e., 

3 connectivity models).  Briefly, we will compare and contrast multi models and hypotheses for 
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movement, then using empirical data, will identify which model/hypothesis best matches. 

Afterwards, we can then investigate the effects of fence density scenarios.  

We will use road crossing data and mortality data to validate predicted seasonal migratory 

connectivity maps modeling approaches and evaluate congruency between predicted and observed 

crossing points by conducting a spatial randomization test. This test will compare the median 

values of predicted connectivity for the actual crossing locations with the distribution of median 

values for 1 x 108 random samples.  This test provides a non-parametric test of the hypothesis that 

actual highway crossing locations are unrelated to the predicted connectivity for each combination 

of resistance surface with and without fence densities, as well as modeling approach. Overall, we 

will have 12 different connectivity maps that will be tested with the empirical crossing data for 

congruency (2 pronghorn movement models [with and without fences] * 2 seasonal models * 3 

connectivity models [least-cost pathways, kernel resistance, circuitscape]) for which congruency 

will be tested and ranking of top model preformed. Once congruency is assessed, we will then test 

different levels of proposed modifications in fence density on the changes in connectivity patterns 

for pronghorn. Any final GIS maps from investigating fence density scenario effects on seasonal 

pathway predictions or connectivity will be compatible with MDT’s ArcGIS system. 

 

 

   

 

 

 

 

 

 

 

 

 

  

Figure 4: Map output of pronghorn multi-scale migratory pathway 

selection during spring season. Pixels in red indicate high probability 

of use.  
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Figure 5: Map output of fence density across the Hi-Line Region of MT.  

 

Figure 6: Map output of pronghorn connectivity network across their northern 

range. Note the identified corridors across the US HWY2 Transportation corridor. 
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MDT INVOLVEMENT 

Montana Department of Transportation personnel will be helpful towards the success and 

implementation of this project in a number of ways.  First, Larry Sickerson, the Glendive District 

Biologist for MDT will be the internal champion for this project.  Our research team will work 

closely with Larry who will serve as the liaison between our team and the MDT project specific 

technical committee.  Second, our research team will meet quarterly (e.g., via phone, in-person) 

with our MDT technical committee for project updates. The MDT technical committee includes 

Larry Sickerson, Sue Sillick, Research Program Manager for MDT and, experts from all agency 

divisions to provide guidance relative to project recommendations and implementation.  The 

project technical committee will also include a private landowner from the Hi-Line region of MT 

to provide local stakeholder perspective and interests. All reports will be sent directly to Sue 

Sillick, who will distribute all reports and serve as the liaison between the project technical 

committee and the MDT research funding review committee. Communication between the 

research team, technical committee and the research funding review committee is not limited and 

Sue’s guidance will be essential for communications between these three groups.  It is understood 

that funding decisions are made by the MDT research funding review committee or through Sue 

from this committee’s discussions. 
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PRODUCTS 

List the products that will be delivered during the research project. All products required for 

implementation must be included as project deliverables.  

 

1) Quarterly reports (using MDT’s online report template) & meetings 

2) MDT Final presentation and implementation report & meeting 

3) Performance measures report 

4) Project summary report 

5) Project final report  

6) Final project poster for MDT biologist and ROW personnel  

7) Public meetings presentation 

8) Final GIS connectivity maps along US HWY 2 in North-Central, MT in relation to fence 

density scenarios  

9) 2-3 Presentations to local communities and statewide entities 
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IMPLEMENTATION 

Results from this research provide implementation opportunities for modifying barbed wire 

fencing within the Hi-Line region of MT, both along roadsides and within pastures. Two primary 

products will result. First, recommendations for a wildlife friendly fence design using one or more 

scientifically tested modifications, which allows for continued wildlife movement and habitat 

connectivity, while keeping cattle in their desired areas.  Second, a region level tool, built using a 

scientifically-defensible modeling approach to assess, identify and prioritize fence mitigation 

efforts along roadways.  This will be accomplished by using fence effects on pronghorn as an 

example to retain and potentially enhance connectivity throughout a landscape.  GIS-based map 

outputs and results from the fence density modeling approach proposed here will be valuable for 

private and public stakeholders alike to identify priority areas for fence modification and 

potentially identify a threshold of fence density that effects pronghorn connectivity across roads. 

Additionally, GIS map outputs will be prepared so that they are compatible with MDT’s ArcGIS 

system. Potential barriers to implementation may include initial stakeholder skepticism of ‘wildlife 

friendly’ fence designs. Many fences across the landscape have been built to keep livestock in 

appropriate pastures and so deviations from the initial designs could be viewed negatively, that 

may provide livestock a location to escape from.    However, with scientifically proven results, 

stemming from field trials in the region, we foresee landowners and communities being willing to 

consider these innovative and cost-effective approaches.   

We foresee MDT staff members within the environmental services and right-of-way bureaus being 

actively involved with implementation on the landscape. MDT personnel armed with 

scientifically-proven results of specific modifications that retain livestock in appropriate areas 

while allowing wildlife to pass unimpeded, will be able to mitigate roadside fencing more 

effectively with landowners. Effective ‘wildlife-friendly’ fence designs (Objective 1) that are 

placed in prioritized locations (Objective 2) would save both the agency and landowner time and 

money from fixing fence or constructing new fence to satisfy landowner requirements. We 

anticipate that results from this work will be included as research papers peer-reviewed scientific 

journals to further assist implementation, educate interested stakeholders and, highlight MDT’s 

contributions to the project. Other stakeholders that may include wildlife-friendly fence 

modifications and decision-tools for their management and outreach strategies include state and 

federal wildlife agencies, NGO’s that manage conservation easements on specific properties and, 

organizations that educate and increase engagement with communities (e.g., Western 

Transportation Institute in MT, Miistakis Institute in AB). An initial implementation plan would 

use the targeted locations produced from modelling efforts along U.S. Highway 2 for MDT staff 

to approach landowners (private and public) and gauge interest in modifying existing fencing using 

these tested and recommended wildlife friendly fence designs. Once initial designs are installed 

and neighbors observe the effectiveness and the cost effectiveness of these applications, we 

anticipate that they would be more inclined to employ these ‘wildlife friendly’ fence designs.  Into 

the future, the approaches used here could be transferred to other areas of the state and would give 

a preliminary understanding of the effects of fence densities on increasing connectivity for 

pronghorn and other ungulates across transportation corridors. Successful applications could be 

promoted by holding educational presentations and engaging in citizen-science volunteer 

opportunities in order to leverage additional applications on the landscape. The timeframe for 

implementation could take a number of months to years. However, with a solid promotional effort 

and a positive response by MDT and landowners willing to employee these recommendations,   we 
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foresee a continuous growth in the application of these proven, cost effective ‘wildlife friendly’ 

fence designs across Montana.  

 

 

SCHEDULE 

Table 1: Project Time Schedule 

   

 

 

   

 

 

Apr-Jun '18 July-Sep '18 Oct-Dec '18 Jan-Mar '18 Apr-Jun '19

Objective 1: Data Processing x

Objective 1: Data Analysis x x x

Quarter Report & Meet 1 (July '18) x

Objective 2: Data Exploration x

Objective 2: Modelling & Layer 

Development x x

Quarter Report & Meet 2 (Oct '18) x

Objective 1: Draft Report Writing x x

Objective 2: Draft Report Writing x x

Quarter Report & Meet 3 (Jan '19) x

Objective 3: Presentations x x

Objective 3: Poster x x

Quarter Report & Meet 4 (Apr '19) x

MDT Final Report (Jun '19) x

Task/Milestone
Quarterly (June 2018 - May 2019)
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BUDGET  

This agreement is to provide funding, not to exceed $55,000, to support a research salary to 

complete analysis and produce deliverables.  Total direct costs will be $44,000 with 25% IDC 

negotiated rate between MDT and UM. Salary support for 2.64 months with 31.5% fringe and 

monthly health insurance costs is budgeted for Co-PI Landguth ($24,681 total with $16,500 in 

salary and $8,181 fringe). Summer salary support for 0.27 with 25% fringe is budgeted for Co-PI 

Hebblewhite ($3,695 total with $924 fringe). Andrew Jakes will receive a total of $12,000 in a 

subaward agreement with UM to NWF which includes travel related to stakeholder meetings and 

conferences. We request to reserve $2,700 that cover target journal charges for publication 

charges. The 25% MDT and UM negotiated IDC totals $11,000. 

 

Table 2: Project Budget by Item 

Item Total 

Salaries $27,887  

Benefits $11,413  

In-State Travel $2,000  

Publication Support $2,700  

Overhead - 25% $11,000  

Total Project Cost $55,000  

 

Table 3: Pay Rate and Benefits 

Name of Personnel 

Hourly 

Rate 

Benefit 

Rate 

Erin Landguth $71.74  31.5% 

Andrew Jakes $43.95  30% 

Mark Hebblewhite $105.58  25% 

Intern NA In-kind 

 

Table 4: Project Budget by Objective 

Objective Budget 

Objective 1: Fence Trials $12,298.32  

Objective 2: Fence Density Modelling  $27,563.75  

Objective 3: Implementation & Outreach $15,137.93  

Total Project Cost $55,000  
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Table 5: Project Budget by Fiscal Year 

 

Item  State Fiscal Year  Federal Fiscal Year 

2018 2019 2018 2019 

Salaries $2,323.92  $25,563.08  $9,295.67  $18,591.33  

Benefits $951.08  $10,461.92  $3,804.33  $7,608.67  

In-State Travel $166.67  $1,833.33  $666.67  $1,333.33  

Publication 

Support $225.00  $2,475.00  $900.00  $1,800.00  

Overhead - 25% $916.67  $10,083.33  $3,666.67  $7,333.33  

Total Project Cost  $4,583.33  $50,416.67  $18,333.33  $36,666.67  

 

    Table 6: Itemized Costs for ‘List of Products’ 

 

Product Salary Benefits  Lodging  Travel 

MDT Final presentation and 

implementation report & meeting $16,516 $7,073 $150 $150 

Performance measures report $708 $303 $0 $0 

Project summary report $3,539 $1,515 $0 $0 

Public meetings presentation $2,497 $907 $100 $100 

2-3 Presentations to local 

communities and statewide entities  $4,627 $1,615 $800 $700 

TOTAL $27,887 $11,413 $1,050 $950 
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STAFFING 

Dr. Erin Landguth is a research associate professor with the University of Montana.  She has 

extensive training and expertise and coding and modelling approaches for identifying movement 

barrier effects on wildlife. Based on 2080 work hours during a year, Dr. Landguth anticipates 

~11% of her time will be spent on this project. Other annual commitments include similar 

connectivity analysis for the state of New Mexico, riverscape genetics modeling for Seattle City 

Light, and landscape genomics modeling for southwestern white pine (NSF) and she anticipates 

having enough time to take on this project. 

Dr. Andrew Jakes has worked in the Hi-Line region of Montana for 10 years, working on issues 

related to pronghorn connectivity and impacts from linear impediments, in particular fencing. He 

has worked with a number of stakeholders in the region including state and federal agency 

personnel, non-profit conservation organizations and private landowners. Recently, he has worked 

closer with the Sage-grouse Initiative science team, addressing multi-species perspectives to fence 

modification efforts. Based on 2080 work hours allocated each year, Dr. Jakes anticipates ~8% of 

his time will be spent on this project.  Objectives and strategies of this MDT project overlap with 

other projects he will work on this year, including citizen-science monitoring, fence modification 

and removal, prairie stream restoration and capacity building with Hi-Line collaborators. He also 

will work on issues in southwest MT.  Consequently, he anticipates having enough time to take on 

this project.  

Dr. Mark Hebblewhite has been a professor at the University of Montana since 2007 and is a 

leading expert in ungulate ecology, particularly in relation to various movements.  Mark has 

published extensively in applied ecology and looks for on-the ground solutions for wildlife and 

practitioners. Based on 2080 work hours allocated each year, Dr. Hebblewhite anticipates < 2% of 

his summer salary time will be spent on this project. Other annual commitments include 

international work related to caribou, tiger, and leopard conservation as well as elk, wolf and 

pronghorn management in Western United States and Canada. Consequently, he anticipates having 

enough time to take on this project.  
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Table 7: Project Staffing 

Name of 

Principal, 

Professional, 

Employee, or 

Support 

Classification 

Role in 

Study 

Objectives 

Percent of Time vs. 

Total Project Hours 

(total 

hrs./person/total 

project hrs.) 

Percent of Time - 

Annual Basis 

(total 

hours/person/2080 

hr.) 

1 2 3 Total     

Landguth 

Co-

Principal 

Investigator 

10 200 20 230 36% 11% 

Jakes 
Facilitator 

& Presenter   
100 10 65 175 28% 8% 

Hebblewhite 

Co-

Principal 

Investigator 

15 15 5 35 5% 2% 

Intern (2) 
Image 

Processing 
200 0 0 200 31% 10% 

TOTAL   325 225 90 640 N/A N/A 

 

FACILITIES 

Describe the facilities available to accomplish the research. Indicate equipment necessary for 

completion of the research and specify any restrictions on its use.  

Facilities include 1) The University of Montana College of Forestry and Conservation and Health 

Sciences offices; 2) National Wildlife Federation Missoula, MT office; 3) Alberta Conservation 

Association Lethbridge, AB office; 4) The Nature Conservancy Matador Ranch; 5) CFB Suffield, 

near Medicine Hat, AB.  

 

Laboratory: Dr. Landguth has her Computational Ecology Laboratory in two rooms on the third 

floor of the Skaggs building in the School of Public and Community Health Sciences at the 

University of Montana. 

 

Computers: The University of Montana’s Computational Ecology Laboratory has a well-

developed infrastructure for environmental and ecological modelling. The CEL computing 

facilities consist of a networked heterogeneous internal network environment interconnected via a 

Gigabit Ethernet. The CEL facilities include Linux, Windows, and Citrix XenServer servers and 

workstations, backup hardware, and network printers. The CEL has in total 552 CPUs, 2.6  TBs 

of RAM, and 1 PB of storage space.
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