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1. PROJECT SUMMARY 

Historic oil and gas exploration practices left abandoned brine waste pits throughout much of 

north central North Dakota. Dating back to as early as the 1950’s, more than 175 waste pits 

contaminated the soil with sodium-based salts killing all vegetation and leaving a legacy evident 

today. Soil salinity remains, on average, 12 times higher in the legacy pits than in adjacent non-

affected soils, showing that brine contamination does not self-correct in a manageable timeframe. 

Therefore, there is a critical need to develop remediation strategies to bring legacy brine 

waste pits back to productive landscapes.  

 

We propose using field, laboratory, and greenhouse-based trials to evaluate soil remediation, 

vegetation establishment and phytoremediation options. We will evaluate techniques to 1) 

leach salts down the soil profile out of the plant root zone, 2) facilitate upward migration of 

salts to the soil surface for removal and 3) establish vegetation on legacy brine pits. The 

field study is replicated across a minimum of six legacy brine waste pits in north central North 

Dakota to establish scientific credibility and provide confidence to our findings.  

 

The field, laboratory, and greenhouse-based trials will provide information to develop and 

deliver 1) a best management practice (BMP) document for remediating brine contaminated 

soils, both for the legacy waste pits and new spills, 2) a revised BMP developed as new findings 

occur from the field experiment and green house/laboratory studies, 3) field tours of the pilot 

project studies with demonstrations of equipment, 4) extension and peer-reviewed publications, 

and 5) a final report from the experiments and pilot projects conducted from this study.  Our 

research team has both soil and vegetation expertise and experience in soil salinity and land 

reclamation, coupled with an established Extension network to communicate and educate 

stakeholders.   

 

 

 

 

 



2. PROJECT JUSTIFICATION 

Brine contamination of soil 

is both a historical and 

recent issue and often 

considered the most 

environmentally 

destructive consequence of 

the oil and gas extraction 

process (Jager et al. 2005). 

Recorded brine spills in 

North Dakota date back to 

the mid-1900s and 

continue to occur (Figure 

1).  Brine water produced 

during oil exploration is known to be four times more saline than seawater (brine ≥ 200 dS m
-1

; 

sea water = 48 dS m
-1

).  Reported spills in North Dakota are increasing and recent field 

measurements showed soil salinity levels as high as 126 dS m
-1

 and soil SAR levels as high as 72 

in the surface horizons of historically and recently brine-contaminated soils in North Dakota 

(Klaustermeier et al. 2015; Appendix 1). These levels of salinity severely limit plant survival as 

the initial stress to plants and degradation of soil hydrologic properties are known to occur at 

salinity levels of 2 to 14 dS m
-1

 and SAR levels of 5 to 13 based on the species of plant and the 

soil’s mineralogy (He et al., 2015; He et al., 2013; Olge and St. John, 2009). Further, the soil 

salinity does not self-correct as evident with salinity highest on spills that occurred 40-50 years 

ago on the legacy brine waste pits in north central North Dakota (Figure 2).   These oil-

production-water derived salts persist in the soil profile indefinitely if not remediated and 

prevent soil and plant productivity until the chemical stressors are reduced or removed 

(Appendix 1). 

Figure 1. Cumulative brine spill volume reported to the North 
Dakota Department of Health between 1 January 2001 and 15 April 
2015. 



The in-situ reduction and 

removal of oil-

production-water derived 

salts can require months 

to even thousands of 

years due to the water’s 

sodium-dominated 

chemistry (sodium is a 

soil dispersant; Jury and 

Weeks, 1978).  

Traditional remediation 

methods include the 

improvement of water flow 

in soils, and thus the improved leaching of salts, by incorporating plant- and manure-based 

products that increase soil pore space.  However, the most widely used remediation method is the 

infiltration of Ca
+
 dominated water since Ca

+
 can improve water flow in soils and possesses the 

chemistry to efficiently replace Na
+
 on soil exchange sites and facilitate the leaching of Na

+
 with 

percolating water.  Alternative remediation methods are being investigated by Dr. Aaron Daigh 

at North Dakota State University.  One of these alternative methods is a soil amendment that 

allows for salts to move above the soil surface to be easily harvested.  Current laboratory 

investigations of this method suggest that nearly 50% by weight of salts can be effectively 

harvested from sodium chloride contaminated soils within 2 to 7 days with the potential to 

subsequently harvest additional salts without ever disturbing the soil. 

This project will evaluate these remediation methods in the field and provide new information 

with remediation recommendations and proposed guidelines. 

 

3. PROJECT DESIGN 

This pilot study will produce research and demonstration activities at a minimum of six field 

sites with historic brine pits (legacy waste pits) in northern North Dakota, laboratory and 

greenhouse experiments, extension publications on brine pit remediation, a comprehensive 

Figure 2. Soil salinity at three depths at recent brine spills and legacy 
brine waste pits in north central North Dakota. 



review document of brine pit and spill remediation from the scientific literature, and a document 

of suggested remediation guidelines based on the knowledge gained from the field sites and 

literature review.  This proposal is for year 1 of an anticipated multiyear project. 

The following sections describe the: 

3.1   experimental design of field, laboratory, and greenhouse experiments;  

3.2   the key personnel and their project roles;  

3.3   timeline and budget for the current and future projected project activities;  

 

3.1.1 Six field locations with legacy brine waste pits in northern North Dakota (Figure 3) will be 

located and used for the pilot study.  The brine contaminated areas will be delineated and 

mapped using an EM38.  These maps will then be used for the experimental plot layout.                                                                 

Figure 3. Location of legacy waste pits (brine) in north central North Dakota 



Each site will have four remediation methods tested and compared to control plots (control = 

no remediation).  These remediation methods and controls will be replicated three times in a 

randomized complete block design at each site (Figure 4). 

   

Remediation methods will include soil amendments to 1) leach salts via calcium-based 

products, 2) cattle manure + stockyard bedding materials, 3) the combination of calcium-

based products and cattle manure/bedding material mix and 4) facilitate upward migration 

and harvesting of salts using a new method developed by NDSU personnel.  This replicated 

side-by-side evaluation of remediation methods will provide information for the development 

of remediation recommendations and guidelines.  Tile drainage will not be used to intercept 

leachate in this study due to the project timeline and monetary scope. 

3.1.2 Ongoing NDSU research indicates that established salt-tolerant plants native to North 

Dakota are impacted at EC levels between 4 and 8 dS m
-1

 and completely killed at EC levels 

between 16 and 32 dS m
-1

. However, establishing plants on brine impacted soils is 

challenging because seed germination and seedling survival is more sensitive to salts than 

mature plants. Legacy brine pits have soil salinity well above plant tolerances. Therefore, 

1
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Figure 4. Example treatment layout on one of six legacy brine pits. Located at each brine pit are four 
treatments + control replicated three times. 



greenhouse studies will evaluate the effectiveness of a variety of halophyte plant 

combinations in a series of decreasing brine concentrations to 1) determine varieties and 

methods (seed, plugs, coatings, etc.) to establish perennial vegetation stands on brine 

impacted soils and 2) utilize established plants to further lower soil electrical conductivity 

levels (phytoremediation). Successful plant species and establishment methods in greenhouse 

conditions will be selected for field trials.  

3.1.3 Laboratory studies will evaluate differences among soils treated with pure gypsum in 

infiltrating waters and soils treated with commercially available Ca
+
-based products and 

additives in infiltrating waters.  These laboratory studies are not intended to be an evaluation 

of individual commercial products, but are to determine if currently available commercial 

products for soil remediation do provide an advantage over pure gypsum. 

3.1.4 Extension, Outreach and Assessment component for this project will be designed to 

provide training opportunities, development of educational material, and timely technology 

transfer through social media, blogs and a website.  Educational material will be developed in 

three formats: NDSU Extension circulars, peer-reviewed journal articles and popular press.  

Results from the research trials conducted on field sites (private land in north central North 

Dakota) and greenhouse will be published within these three formats.  A thorough review of 

the literature will provide the fundamental base of the educational material and combined 

with the new findings from the research trials to create: 1) best management practices to 

remediate brine spills associated with the legacy waste pits, 2) research report of comparison 

study of industry products to pure gypsum for treating brine contaminated soils, and 3) 

reseeding or revegetating guideline identifying plants that can grow on differing levels of 

brine contaminated soils. 

Educational programs will be developed in conjunction with the NDSU Extension 

Service; including the local county agent, and area and state specialist.  NDSU Extension 

Service will develop an “oil and gas remediation and reclamation team” to create programs 

for oil and gas producing counties and counties associated with legacy waste pits.  These 

programs will be county based and designed to meet the needs of the local landowners and 

managers.  Each program will be assessed to determine current knowledge of legacy waste 

pits and brine contaminations, followed by an assessment of increased knowledge gained 



from the educational program.  A follow-up survey will be conducted to determine if any 

best management practices were incorporated into their operation and identify any successes 

or failures from any remediation practices incorporated.  

Knowledge gained from the pilot projects (field research), green house experiments and 

literature reviews will be incorporated into all technology transfer techniques developed 

through this project.  A website will be developed to introduce this project and updated 

regularly to provide fresh material.  YouTube videos will be developed demonstrating 

remediation techniques and linked to the website.  A blog will be developed to provide 

updates and stories associated with the project and provide a source of marketing any future 

educational programs.  Social media will provide an outlet for users of Facebook and Twitter. 

3.1.5 The North Dakota State University team will work with the North Dakota Petroleum 

Council Salt Water Remediation Task Force to help select the pilot project sites within the 

legacy waste pit area in north central North Dakota.  We will work closely with the Task 

Force committee in setting up the projects and provide update reports on progress and 

preliminary results. 

3.1.6 The North Dakota State University team has contacted Carl Rockenman of the North 

Dakota Health Department and has received positive feedback on the study design and 

objectives.  We will work closely with Mr. Rockenman in helping develop guidelines for 

brine remediation, with outcomes from this project used to update current guidelines that are 

being developed by the North Dakota Health Department. 

 

3.1.7 Deliverables  

 A first draft best management practice (BMP) will be developed for remediating brine 

contaminated soils, both for the legacy waste pits and new spills. 

 A revised BMP will be developed as new findings occur from the field experiment and 

green house/laboratory studies are completed. 

 Field tours of the pilot project studies with demonstrations of equipment.  

 A final report will be developed from the experiments and pilot projects conducted from 

this study. 



3.2 Key personnel and their roles 

 Dr. Ryan Limb – Project Lead / Plants 

Dr. Limb will oversee all plant measurements and experimentation at the field 

sites and in the greenhouse. 

 Dr. Aaron Daigh – Project Lead / Soils 

Dr. Daigh will oversee all soil measurements and experimentation at the field 

sites and in the laboratory.  

 Dr. Kevin Sedivec – Project Lead / Extension 

Dr. Sedivec will develop the extension education and documents based on 

knowledge gained during the study. 

 Dr. Thomas DeSutter – Co-PI / Industry Liaison, Soils 

Dr. DeSutter will serve as our liaison to industry and contribute to the design and 

interpretation of the soils research. 

 Dr. Amit Chatterjee – Co-PI / Soils 

Dr. Chatterjee will contribute to the sampling design and interpretation of soil 

microbial measurements.  

 Dr. Frank Casey – Co-PI / Soils 

Dr. Casey will contribute to the design and interpretation of soil amendments.  

 Dr. Shawn DeKeyser – Co-PI / Plants 

Dr. DeKeyser will contribute to the design and interpretation of the plants 

research. 

 

3.3.1 Timeline 

 September – October 2015: Develop NDSU Extension Service Oil and Gas Remediation 

and Reclamation Team (County Agents, Area and State Specialists).  

 September 2015: Develop website, blog, Facebook and Twitter sites/accounts associated 

with the project; begin greenhouse vegetation evaluations and laboratory soil analysis. 

 October 2015 – November 2016: Update and provide new materials for the website, blog, 

and Facebook and Twitter accounts. 

 January – March 2016: Develop education programs in conjunction with the county 

agents on oil and gas reclamation, and brine remediation. 

 April – May 2016: Establish field trial sites and apply soil amendments.  

 June – October: Monitor field sites and collect soil and vegetation data. 



 August – September 2016: Conduct field tours of the experiments associated with the 

pilot projects. 

 August – September 2016: Create YouTube videos of techniques to remediate brine 

contaminated soils. 

 September – October 2016: Update BMP for brine contaminated soils using results from 

2015 – 2016 research findings from pilot projects and green house experiments.  “It is 

important to understand these pilot projects (research trials) will need 3 or more years to 

fully understand the remediation process and what techniques will provide long-term 

changes”. Our hope is these studies continue through 2018 to provide a new, more 

accurate analysis of BMP for remediating brine contaminated lands to also include 

revegetating range and pastureland. 

 September 2016: Conduct follow-up surveys to landowners attending educational 

programs to determine impact as related to practices incorporated on lands using 

remediation techniques. 

 September – October 2016: Develop a reseeding or revegetating guideline identifying 

plants that can grow on differing levels of brine contaminated soils. 

 November 2015 – January 2016: Develop final BMP for brine contaminated soils using 

literature, most current research, and findings from pilot project (2
nd

 Edition).  

 

3.3.2 Budget 

 See attached detailed budget and budget justification. 
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Appendix 1.  General soil chemical properties for 110 soil samples from western North Dakota.  

Samples were collected by personnel in the School of Natural Resource Sciences at North 

Dakota State University in 2014.  Soil samples represent brine contaminated soils from field sites 

of 0 to more than 50 years after contamination. 

 

Statistic 

Soil Chemical Property 

EC1:1 EC1:5 ECe TDS1:1 TDS1:5 TDSe SAR Na
+
 Ca

2+ 
Mg

2+ 

 ------- dS m
-1 

-------   ------------ ppm -------------  ------- meq l
-1 

------- 

Mean 6.8 3.2 29 4,370 2,020 20,500 18.3 150 86 73 

Median 5.0 2.4 18 3,210 1,560 13,400 9.7 84 52 45 

Minimum 0.3 0.2 <1 214 102 844 0.3 1 2 4 

Maximum 23.3 11.5 126 14,900 7,370 79,700 71.7 828 868 398 

St. Dev.
§ 

5.3 2.3 29 3,370 1,470 18,500 18.3 183 115 71 

Data are from Klaustermeier et al. (2015) 

†
=Electrical conductivity (EC) 

‡
=Total dissolved solids (TDS). Values estimated from measured soil EC as described by 

(Rhoades, 1996) 

¶
=Sodium adsorption ratio (SAR) 

§
=Standard deviation (St. Dev.) 



Appendix 2. 

 

Soil EC for the 0-0.5, 0.5-1, and 1-2 foot depths for previously sampled 
brine spills in western ND that range from 0 to over 50 year old.  All sites 
have no history of attempts for remediation. 
 



BUDGET

September 1, 2015 - November 30, 2016

Year 1

1. Personnel

     A. Salaries and Wages

          Postdoctoral Research Scholar 55,000

          Undergraduate Research Technician (5 @ 960hrs @ $13.00/hr 62,400

     Total Salaries and Wages 117,400

     B. Fringe Benefits

          Postdoctoral Research Scholar (45%) 24,750

          Undergraduate Resarch Technician (10%) 6,240

     Total Fringe Benefits 30,990

     Total Personnel 148,390

2. Operating Expenses

     A. Expendable Materials and Supplies

          Field Soil Ammendments 5,525

          Field Soil Sampling 3,900

          Drip irrigation system (6 @ $1,000 ea) 6,000

          Lab Soil Column testing 4,000

          Field Vegetation Sampling 3,900

          Halophyte seed 2,600

          Computer (3 Laptops @ $2,350 ea) 7,050

          Software 2,800

          Water tanks 4,000

          Educational signs 1,975

     Total Materials and Supplies 41,750

     B. Fees

          Soil Micro samples (360 @$50/ea) 18,000

          Soil Heavy Metal analysis (360 @$50/ea) 18,000

          Greenhouse use (2 @ 12 months @ $325/room/month 7,800

          Website development, social media outlet and upkeep services 5,600

     Total Fees 49,400

     C. Equipment Rental

          UTV rental 4,950



     Total Equiment Rental 4,950

     D. Equipment

          EM-38 29,790

          Trimble GPS 7,995

          Soil CO2 analyzer 10,532

          Heavy duty water trailer 5,399

          GeoProbe 29,995

          GeoEye-1 Imagery 12,000

     Total Equipment 95,711

     E. Travel

          Hotel (2 rooms/night @ $108/room/night) 7,776

          Perdiem ($35/day) 1,960

          Mileage (800 miles/trip @ 160/month + $0.64/mile) 12,490

          Scientific meeting travel 4,600

     Total Travel 26,826

     F. Outreach and Education

          Web-based Extension Circular 2,575

          Print-based Extension publication 2,900

          Eductational video development 3,565

     Total Outreach and Education 9,040

TOTAL DIRECT COSTS 376,067

3. Indirect Costs

     Facilities and Administration (45%) 123,933

     Total Indirect Costs 123,933

PROJECT TOTAL 500,000



BUDGET JUSTIFICATION 

 

The primary portion of the proposed research to be conducted at North Dakota State University 

will be field experiments (pilot projects) and greenhouse studies that measure and evaluate a 

suite of brine remediation options.  We will be performing the field studies on abandoned brine 

waste pits in north central North Dakota.  Supportive work will be done on the main campus of 

NDSU where PI’s have adequate laboratory and greenhouse space.  

 

TOTAL PROJECT - $500,000  

 

Personnel 

The funds requested will primarily support one Post-Doctoral Research Scholar for 12 months 

[Salary + 45% benefits – ($55,000 + $24,750 )] who will be coordinating much of the field 

research and undergraduate technicians [$13/hr for five students working 960 hrs + 10% benefits 

($65,400 + $6,240)] to provide hands-on assistance with all experiments and field work. 

 Personnel total $148,390  

 

Operating Expenses 

 

Expendable Materials and Supplies 

 Field soil amendment used to displace sodium ($5,525) 

 Field soil sampling supplies ($3,900) – soil augers, collection tubes, coolers, water 

bottles, etc. 

 Drip irrigation system ($6,000 – 6 @ $1000 ea) – small, custom irrigation systems to 

dissolve soil amendments used to displace sodium on treatment plots 

 Laboratory soil column analysis ($4,000) – leaching columns, flow meters, collection 

bins, etc. 

 Field vegetation sampling supplies ($3,900) – clipboards, pencils, flagging, paper, field 

tapes, sampling frames, clippers identification books, plant presses, plot markers, scratch 

tags, clipping exclosures, metal detectors, digital camera, hand lenses etc.) 

 Halophyte seed ($2,600) – seed for plant varieties used to test field and greenhouse 

reclamation techniques 

 Computers ($7,050 – 3 @ $2,350 ea) – research will be primarily off-campus at remote 

field locations. Computers are necessary to enter, analyze and interpret data. 

 Computer software ($2,800) 

 Water storage/transport tanks ($4,000 – 2 @ $2,000 ea) 

 Educational Signs ($1,975) – Purchase of field display materials to educate land owners 

of research findings and show cooperation between the Oil and Gas Research Council, 

North Dakota State University and North Dakota citizens 

 

Expendable Materials and Supplies total $41,750 

 

Fees 

 Soil microbial analysis ($18,000 – 360@$50/ea) 

 Soil heavy metal analysis ($18,000 – 360@$50/ea) 

 Greenhouse fees ($7,800 – $650/month) 



 Extension website development, social media outlet and upkeep services ($5,500) – A 

website will be developed to introduce this project and updated regularly to provide fresh 

material.  A blog will be developed to provide updates and stories associated with the 

project and provide a source of marketing any future educational programs.  Social media 

will provide an outlet for users of Facebook and Twitter. 

 

Fees total $49,400 

 

Equipment Rental  

 UTV rental ($4,950) – Used to move the GeoProbe soil core at each site and provide a 

coring platform 

 

Equipment Rental total $4,950 

 

Equipment 

 Geonics EM-38 ground conductivity meter($29,790) – Used to measure surface and 

subsurface electro-conductivity at brine research sites 

 Trimble GeoXT-7000 GPS ($7,995) – Used to geo-reference plot and site locations 

 Soil CO2 analyzer ($10,532) – CO2 analyzers measure the soil CO2 flux and give an 

index of soil microbial activity 

 Heavy duty trailer ($5,399) – Used to transport irrigation water among field sites 

 GeoProbe soil corer ($29,995) – Used to extract soil cores from research sites to 

evaluate brine concentrations in the soil profile 

 GeoEye-1 imagery ($12,000) – Geospatial imagery to determine the quantity and size of 

brine impacts in North Dakota 

 

Equipment total $95,711 

 

Travel  

 Hotel ($7,776 - 2 rooms/night @ $108/room/ night) – 36 nights lodging for field crews 

 Per diem ($1,960 – 56 days @ $35/day)   

 Mileage ($12,490 – 800 miles/trip @ $160/month + $0.64/mile) – travel to and from field 

sites and meetings in Bismarck, ND 

 Scientific meeting ($4,600 – 2 @ $2,300 ea) – travel to scientific meetings to present 

research findings.  

 

Travel total $26,826 

 

Outreach and Education 

 Web-based Extension Circular ($2,575) – Web-based outlet to disseminate research 

findings to North Dakota citizens.  

 Print-based Extension Publications ($2,900)  

 Educational Video development ($3,525) – YouTube videos will be developed 

demonstrating remediation techniques and linked to the website. 

 

Outreach and Education total $9,040 



Indirect Costs 

University indirect costs are assessed at 45% of the total direct costs ($123,933*) 

   

Indirect Costs total $123,933
1,2

 

 
1
$52,051 of the Indirect Costs will be returned to the project for additional support and 

monitoring of field research sites.  These dollars will be used to 1) purchase amendments that are 

readily available in the market place that are used to remediate brine spills and contaminated 

soils, 2) support personnel in conducting the trial (salary plus benefits), 3) obtain soils from the 

northwestern and north central regions of North Dakota associated with the legacy brine waste 

pits and contaminated with brine. 

 

Monitoring of field research sites beyond the 12 month period is necessary to collect 

meaningful data on best management practices for brine remediation.   The portion of indirect 

costs allocated to the VP for Agriculture Affairs will be invested back into the project at the end 

of the project period.  These funds will be used to support the post doc and provide operating 

costs to continue the project for approximately six months beyond the project period.  These 

dollars will be used to 1) purchase amendments that are readily available in the market place that 

are used to remediate brine spills and contaminated soils, 2) support personnel in conducting the 

trial (salary plus benefits), 3) obtain soils from the northwestern and north central regions of 

North Dakota associated with the legacy brine waste pits and contaminated with brine. 

 
2
$71,882 of the Indirect Costs, representing 14.4% of the total $500,000 budget, remain with the 

University. The components that make up the federally negotiated rate that NDSU currently has 

can be found on the SPA website, near the bottom of the page 

at:  https://www.ndsu.edu/research/sponsored_programs_admin/institutional_information/.  The 

F&A rate includes 19% under the Facilities portion of the rate (building depreciation, interest, 

equipment depreciation, operations and maintenance and the library), and 26% under the 

Administration portion of the rate (general admin, department admin, and SPA Admin).  (Please 

note that the administrative components are capped at 26% in accordance with a 1993 federal 

OMB decision.   

 

F&A is required to be charged to projects under NDSU Policy Manual Section 813(5), found at 

https://www.ndsu.edu/fileadmin/policy/813.pdf.  The F&A that is charged to projects is 

distributed 42% to the President’s Office, 42% to the Generating College, and 16% to the 

President’s Office for Research.  See NDSU Policy Manual Section 813(6).  F&A costs are costs 

incurred in support of sponsored projects in general, but are not specifically identifiable to any 

single project.  Direct costs, on the other hand, can be assigned to a specific project with a high 

degree of accuracy.  By including costs for F&A across projects NDSU recovers more of its real 

costs for supporting research, instruction and creative activity.  The negotiated rate is typically 

lower than the actual costs, so the institution is subsidizing projects to a certain extent. 

 

https://www.ndsu.edu/research/sponsored_programs_admin/institutional_information/
https://www.ndsu.edu/fileadmin/policy/813.pdf
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July 15, 2015 
 
Dr. Tom DeSutter 
School of Natural Resource Sciences 
North Dakota State University 
 
Dear Dr. DeSutter: 
 
As you know, the release of production water (brine) has many negative effects on the health 
of plants and soils. The concentrations of sodium and chloride in brine can be as high as 10 
and 20%, respectively, which makes in-situ remediation extremely difficult. I am encouraged 
that NDSU is investigating approaches that will help the State and its industry partners better 
remediate historic spills whereby providing useful information for managing more recent 
events.  
 
In addition, I appreciate that this grant, “Reclamation Options for Legacy Brine Waste Pits in 
North Central North Dakota,” will also have an Extension component. Farmers and ranchers 
need to have increased education and awareness about brine and remediation options that fit 
within their farming operation. 
 
I strongly support the funding of this grant and look forward to working with NDSU and helping 
where I can to meet the project objectives. If your team needs help identifying sites for your 
study, or potentially partnering, please do not hesitate to contact me. 
 
Sincerely, 
 

 
 
Dustin C. Anderson 
Environmental Coordinator 
Oasis Petroleum  
 


