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2019-2020 NDWRRI Annual Report – General Information 

Products 
Peer-reviewed Journal Papers 

Bazrkar, M. H. and X. Chu. 2020. A new standardized baseflow index for identification of 
hydrologic drought in the Red River of the North Basin. Natural Hazards Review, 21(4), 
05020011, 1-8, https://doi.org/10.1061/(ASCE)NH.1527-6996.0000414. 

Bazrkar, M. H., J. Zhang, and X. Chu. 2020. Hydroclimatic aggregate drought index (HADI): A 
new approach for identification and categorization of drought in cold climate regions. 
Stochastic Environmental Research and Risk Assessment, 34(11), 1847-1870, 
https://doi.org/10.1007/s00477-020-01870-5. 

Das, T. K. and Bezbaruah, A. N. 2020. Comparative study of arsenic removal by iron-based 
nanomaterials: Potential candidates for field applications. Science of the Total Environment, 
764, 142914. https://doi.org/10.1016/j.scitotenv.2020.142914. 

Das, T. K., Sakthivel, T. S., Jeyaranjan, A., Seal, S., Bezbaruah, A. N. 2020 Ultra-high arsenic 
adsorption by graphene oxide iron nanohybrid: Removal mechanisms and potential 
applications. Chemosphere, 253, 126702, 
https://doi.org/10.1016/j.chemosphere.2020.126702. 

Kadioglu, H., Hatterman-Valenti, H., Jia, X., Chu, X., Aslan, H., and Simsek, H. 2019. 
Groundwater table effects on the yield, growth, and water use of canola (Brassica napus L.) 
plant. Water, 11(8), 1730, https://doi.org/10.3390/w11081730. 

Lin, Z., Lim, S. H., Lin, T., and Borders, M. 2020. Using agent-based modeling for water resources 
management in the Bakken region. Journal of Water Resources Planning and Management, 
146(1), 05019020, https://doi.org/10.1061/(ASCE)WR.1943-5452.0001147. 

Xiao, F., Challa Sasi, P., Yao, B., Kubátová, A., Golovko, S. A., Golovko, M. Y., and Soli, D. 
2020. Thermal stability and decomposition of perfluoroalkyl substances on spent granular 
activated carbon. Environmental Science & Technology Letters, 7(5), 343-350, 
https://doi.org/10.1021/acs.estlett.0c00114. 

Zeng, L., Shao, J., and Chu, X. 2020. Improved hydrologic modeling in depression-dominated 
areas. Journal of Hydrology, 590, 125269, 1-12. 
https://doi.org/10.1016/j.jhydrol.2020.125269. 

Zhang, J., Zheng, H., Zhang, X., and VanLooy, J. 2020. Changes in regional snowfall in central 
North America (1961–2017): Mountain versus plains. Geosciences, 10, 157. 
https://doi.org/10.3390/geosciences10050157. 

Conference Proceeding Papers 

Lim, Y. H. and Cox, M. L. 2020. Enhancing maximum scour depth determination for spur dikes 
using a validated two-dimensional model. Proc. ASCE World Environmental and Water 
Resources Congress 2020, Hydraulics, Waterways, and Water Distribution Systems Analysis, 
p84-98, https://doi.org/10.1061/9780784482971.009. 
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Data Publications 

Tuftedal, M. E. and Delene, D. J. 2020. Precipitation evaluation of the North Dakota Cloud 
Modification Project (NDCMP) using rain gauge observations, University of North Dakota 
Scholarly Commons, Grand Forks, ND, https://doi.org/10.31356/data017. 

Dissertations and Theses 

Cox, Mathew Lee. 2019. Determination of Maximum Scour Depth for Spur Dikes Based on a 
Validated Two-Dimensional HEC-RAS Model. M.S. Thesis. Civil Engineering, University of 
North Dakota, Grand Forks, ND. 

Kadioglu, Hakan. 2019. Groundwater Table Effects on Yield, Growth and Water Use of Canola 
(Brassica napus L.) Plant. M.S. Thesis. Natural Resource Management, North Dakota State 
University, Fargo, ND. 

Olson, Erika Leigh. 2020. Understanding Escherichia Coli and Water Quality in Stormwater 
Retention Ponds and Detention Basins in Fargo as Part of the Red River Watershed. M.S. 
Thesis. Natural Resource Management, North Dakota State University, Fargo, ND. 

Phillips, Zachary Rockford. 2020. Holocene Postglacial Fluvial Processes and Landforms in Low 
Relief Landscapes. Ph.D. Dissertation. Environmental and Conservation Sciences, North 
Dakota State University, Fargo, ND. 

Tuftedal, Matthew Erik. 2019. Precipitation Evaluation of the North Dakota Cloud Modification 
Project (NDCMP) Using Rain Gauge Observations. M.S. Thesis. Atmospheric Sciences, 
University of North Dakota, Grand Forks, ND. 

Zeng, Lan. 2020. Improved Hydrologic Modeling for Characterizing Variable Contributing Areas 
and Threshold-Controlled Overland Flow in Depression-Dominated Areas. Ph.D. Dissertation. 
Civil Engineering, North Dakota State University, Fargo, ND. 

Information Transfer Program 
Information dissemination was mainly done through the Institute’s website, the annual newsletter, 
as well as a variety of publications and conference presentations. The major information transfer 
activities supported with the 104b annual base grants and required matching funds include:  

1) Maintaining the Institute’s website as an effective way to disseminate all Institute-related 
information and communicate to the public. Particularly, a new NDWRRI homepage is 
currently under construction. 

2) Publishing the annual Institute newsletter to highlight the graduate research fellowship 
program and the impacts of the funded projects, profile the Institute researchers and their 
accomplishments, and provide information on water issues in the State. 

3) Publishing the research findings by the Institute’s Fellows and their advisors (PIs of the funded 
projects) in peer-reviewed journals, proceedings, book chapters, as well as theses and 
dissertations. 

4) Presenting research results by the Institute’s Fellows and their advisors at various conferences. 
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5) Sponsoring or co-sponsoring local or regional conferences (note that due to the COVID-19 
pandemic, all conferences have been postponed, cancelled, or changed to an online 
conferences).  

Student Support 
The NDWRRI continued its Graduate Research Fellowship (GRF) program supported with the 
annual base (104b) and required matching funds (including the funds from the North Dakota State 
Water Commission). It provided competitive funds for graduate students and their advisors (PIs) 
at North Dakota State University and the University of North Dakota to conduct water resources 
research and particularly, to address the water issues in the State. In the 2019-2020 funding period, 
the fellowships were awarded to 15 graduate students, including 9 Ph.D. students and 6 M.S. 
students from the two universities. The fellowships ranged from $1,500 to $13,440 over a period 
of 3, 7.5, or 12 months. 

Notable Achievements and Awards 
In the 2019-2020 funding period, fifteen projects were funded through the Institute’s GRF program 
to address various water resources issues in North Dakota. Thirty graduate students and faculty 
have been involved in these projects. They have published 9 peer-reviewed journal papers and 1 
proceeding paper, and given numerous conference presentations at various conferences. Two 
Ph.D. students and four M.S. students supported by the 104b federal funds and required matching 
funds have successfully received their degrees and published their theses/dissertations. The awards 
the Institute’s Fellows received in this funding period are listed as follows: 

o Lan Zeng (Ph.D. student, Civil and Environmental Engineering, North Dakota State 
University) received an Outstanding Student Presentation Award from the American 
Geophysical Union (AGU), as one of the top 5% of student participants. She presented a paper, 
entitled “Modeling of Dynamics of Runoff Contributing Areas in Depression-dominated 
Areas” at the 2019 AGU Fall Meeting held on December 9-13, 2019 in San Francisco, 
California.  

o Erika Olson (M.S. student, Natural Resource Management, North Dakota State University) 
was a recipient of the 2019 North Central Chapter of Society of Wetland Scientists (SWS) 
Student Travel Award ($500). 

o Justin Waraniak (Biological Sciences/Environmental & Conservation Science, North Dakota 
State University) was a finalist of the 2020 North American Congress for Conservation 
Biology Student Presentation Award. The title of his presentation was “Population 
Connectivity in Agricultural Landscapes: Land Use Effects on Gene Flow in Northern Leopard 
Frogs in the Prairie Pothole Region.” 

o Lan Zeng, Mohammad Hadi Bazrkar, and Ning Wang (Ph.D. students, Civil and 
Environmental Engineering, North Dakota State University) received the 2019-2020 Student 
Travel Awards from the ND EPSCoR ($2000). 



























Project Title: Developing Design Guidelines for Spur Dikes in Curved Trapezoidal Channels based on a 

Validated Two-Dimensional HEC-RAS Model 

Project Type: Graduate Fellowship Project 

Project ID: N/A (fully funded by the matching fund from ND State Water Commission) 

Project Impact: Spur dikes are commonly used as hydraulic structures to protect erodible bank areas. 

While spur dikes help protect the riverbank downstream, they change the flow pattern along the 

centerline of the channel, which can cause erosion and scour in previously stable locations. Historically, 

downscaled physical models were used to model channel sections for possibility of scour and erosion 

around hydraulic structures. The increased accuracy and efficiency of two-dimensional numerical models 

have allowed for numerical computer models to begin to take place of physical models. Numerical models 

are quicker to setup, simulate, and tweak than physical models. Instead of direct simulation of sediment 

transport using a numerical model, a relationship of maximum flow velocity, upstream flow velocity, and 

upstream Froude number was developed in this study to determine maximum scour depth. The 

developed relationship proved to be more accurate than the past relationships using the data from 

physical models. Further development of such relationships could allow for scour modeling of additional 

hydraulic structures. 



Project Title: Precipitation Evaluation of the North Dakota Cloud Modification Project (NDCMP) using Rain 

Gauge and Radar Observations 

Project Type: Graduate Fellowship Project 

Project ID: N/A (fully funded by the matching fund from ND State Water Commission) 

Project Impact: The effectiveness of the North Dakota Cloud Modification Project (NDCMP) at increasing 

precipitation is evaluated from 1977 through 2018 using rain gauge observations. Monthly and seasonal 

(June-August) precipitation is averaged to create county-wide target and control area rain amounts. The 

McKenzie and Bowman operational areas have 7 of 8 double ratios above 1.0 and rainfall increases of up 

to 12%. Additionally, 2 of the 8 double ratios have a 95% significance of being greater than 1.0. The 

statistical analysis is constrained by the lack of a robust control due to sparse rain gauge measurements 

before the start of NDCMP and the lack of a totally independent control area with a similar precipitation 

pattern. The main conclusion of the research is that even without a carefully designed control, the 

statistical analysis of 41 years of rain gauge observations indicates that the NDCMP operational weather 

modification program increases rainfall by up to 12%. With most target/control pairings indicate some 

rainfall increase, some tests providing 95% confidence in the increase. The software used for data analysis 

in this project is available at https://sourceforge.net/projects/evaluationofndcmp-tuftedal2019/ and the 

project’s data collection is available in the University of North Dakota Scholarly Commons. 



Project Title: Water Resources Impacts and Management in the Bakken Region of Western North Dakota 

Project Type: Graduate Fellowship Project 

Project ID: N/A (fully funded by the matching fund from ND State Water Commission) 

Project Impact: Project Impact: To investigate the impact of the hydraulic fracturing (HF) water use on 

streamflow in the Bakken region of western North Dakota, we developed a SWAT model for simulating 

the hydrological processes of the Little Muddy River. The SWAT model was calibrated using the observed 

streamflows from 2004 to 2011 and validated from 2012 to 2014. The calibration and validation results 

showed that the SWAT model simulated the streamflows in the Little Muddy River fairly well. We then 

integrated the calibrated SWAT model and the agent-based model to predict streamflow changes under 

different precipitation conditions and HF water use scenarios. The simulation results indicated that the 

streamflow in the Little Muddy River was not much influenced by the HF water use at the Bakken. Instead, 

precipitation was a more influencing factor than the HF water demand in reducing the streamflows in the 

Little Muddy River. When the total HF water demands in the Bakken region increased 100 times, the 

streamflow in the Little Muddy River would decrease 4.7 ft3/s (approximately 6.1% of the annual average 

streamflow). We plan to further couple the agent-based model with the calibrated Fox Hills-Hell Creek 

MODFLOW model (provided by the ND State Water Commission) to study the impact of the HF water use 

on the Fox Hills-Hell Creek aquifer under different future scenarios. 

 


