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• Microbes
• Earthworms
• Nematodes
• Plants
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1 bbl oilfield brine = 87 lbs salt
≈ 700 salt shakers

Hagerman NWR, Texas



On National Wildlife Refuge System LandsOn National Wildlife Refuge System Lands
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Pedro ‘Pete’ Ramirez, Jr.Pedro ‘Pete’ Ramirez, Jr.
US Fish & Wildlife ServiceUS Fish & Wildlife Service
National Wildlife Refuge SystemNational Wildlife Refuge System
Energy TeamEnergy Team
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Deep Fork NWR, Oklahoma

Beaver Lake Waterfowl Production Area, North Dakota
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Ramirez P, Jr., Mosley SB (2015) Oil and Gas Wells and Pipelines on U.S. 
Wildlife Refuges: Challenges for Managers. PLoS ONE 10(4): e0124085. 
doi:10.1371/journal.pone.0124085
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Hagerman NWR, Texas

Hagerman NWR, Texas
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SWD well, Deep Fork NWR, Oklahoma

Delta NWR, Louisiana
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Deep Fork NWR, Oklahoma

Catahoula NWR, Louisiana
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Delta NWR, Louisiana

Roosevelt County, Montana



Deep Fork NWR, Oklahoma
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Roosevelt County, Montana
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Burke County, North Dakota

Hagerman NWR, Texas
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Lake Ophelia NWR, Louisiana
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Lake Ophelia NWR, Louisiana

Deep Fork NWR, Oklahoma



Atchafalaya NWR, Louisiana
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Atchafalaya NWR, Louisiana
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• Chronic spills

• Disposal in unlined pits

• Salt scald

• Long-term damage
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Salt Scald in Arkansas

Atchafalaya NWR, Louisiana



• Chronic spills

• Disposal in unlined pits

• Salt scald

• Long-term damage
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July 2006

Salt Scald Beaver Lake WPA, North Dakota

Aug 2015

Subsurface Brine Plume, Beaver Lake WPA, North Dakota
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• Corrosion 

• Overflow 

• Illegal Activity

• Dumping

• Vandalism

Deep Fork NWR, Oklahoma

• Vandalism

• Theft

• Poor maintenance

Source: Fisher JB, Sublette KL. Environmental 
releases from exploration and production 
operations in Oklahoma:
Type, volume, causes, and prevention. 
Environmental Geosciences. 2005; 12: 89–99.
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Adams et al. 2011. Effects of development of a natural gas well and 

associated pipeline on the natural and scientific resources of the Fernow

Experimental Forest. Gen. Tech. Rep. NRS-76. Newtown Square, PA: U.S. 

Department of Agriculture, Forest Service, Northern Research Station. 24 p.



• Salinity increase

• Chlorides  

• Residual Oil – Toxicity

• Biochemical O2 Demand (BOD)*
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*Source: The Fate and Effects of Oil in Freshwater. Edited by J. 

Green and M.W. Trett. Elsevier Applied Science, NY. 1989.

Burke County, North Dakota



Oilfield Brine
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Oilfield Brine
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• Volume of Spill

• Chemistry of Brine
• TDS

• Chlorides

• Bromides

• Oil
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• Oil

• Trace Elements

• Wetland Type, Size & Salinity

Sheridan County, Montana
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• Habitat Loss

• Soil Structure Damage

Deep Fork NWR, Oklahoma

• None

• None

Deep Fork NWR, Oklahoma
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• 84 Hardwood trees
• 2 trees > 150 yrs old

• >$154,00K replacement value

• Soil Structure Damage

Hagerman NWR, Texas

• Pending

2012

2014
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• Remediation - ? Unlikely

• Impacts to wetlands - unknown

Sheridan County, Montana

Sheridan County, Montana
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• Natural – sulfate dominated salts

• Brine – chloride dominated salts

• Residual oil – high BOD

Sheridan County, Montana

Sheridan County, Montana

• Toxicity - aquatic invertebrates

• Waterfowl Impacts

• Food chain

• Mortality risk to ducklings
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Sheridan County, Montana

• 75 % - Mgmt of oil-related issues

Sheridan County, Montana

Sheridan County, Montana

• Enforcement – Refuge laws

• Recreation management

• hunting, fishing

• Wildlife surveys

• Habitat restoration

• Maintenance
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• Scrape & Haul

Mountrail County, North Dakota

• Additional damage

• Non-native soil

• Invasive species

• Erosion

Mountrail County, North Dakota
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• Tile drains & sumps

Waterfowl Production Area, Montana

Waterfowl Production Area, Montana

• Native soil remains in place

• Move salt to sumps

• Recover saline fluid

• Time intensive

• Water to move salt



• Sheridan County, MT
• 28-Mar-2013
• 14-Jul-2013
• 16-Jul-2013
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• Sheridan County, MT
• 28-Mar-2013
• 14-Jul-2013
• 16-Jul-2013

• Roosevelt County, MT
• 22-May-2013
• 27-Jun-2013
• 10-Jul-2013



8 oil / 6 Brine
(40 oil / 51 Brine) 16 oil / 13 Brine

(19 oil / 26 Brine)

79 oil / 32 Brine
(148 oil / 118 Brine)

35 oil / 11 Brine
(110 oil / 98 Brine)

Number of Spills Number of Spills 
Not Contained within Well Pad
(Contained within Well Pad])

July 2014 – July 2015
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• Divide County, ND
• 1-Aug-2013
• 25-Oct-2013
• 4-May-2015
• 12-Jun-2015

• Burke County, ND
• 4-May-2015

• Mountrail County, ND
• 16-May-2013



Lostwood
NWR

Des Lacs NWR
Norman Lake 

WPA

Kandyohi Brine Spill
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Brine 
Impacted 

Areas
Excavated 

Area

Saltwater 
Disposal Well

Oil Well 
& Tank 
Battery

Oilfield Brine Spill, Incident Reported May 16, 2013, Aerial Photo 12 July 2013
Lostwood NWR wetland easement, Mountrail County, North Dakota
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Wormwood

Barren Pond



Lostwood
NWR

Des Lacs NWR
Norman Lake 

WPA
Connie Brine Spill
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Lostwood
NWR

Des Lacs NWR
Norman Lake 

WPA

Sequoia Brine Spill
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Gravel Mine

Well Pad
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Lostwood
NWR

Des Lacs NWR
Norman Lake 

WPA

Condor Brine Spill
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Flowline leak

Maximum 
extent of 
visible oil 

contamination
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• Remediation Costs

• Frequency of Spills 

• Revegetation success

Brine Spill Restoration Site, North Dakota

Sheridan County, Montana

• Reporting requirements

• Spill Response

• Remediation options

• Restoration  



•Saltwater Disposal well July 2011
• > $1 million - July 2014

•Brine flowline – Jan 2006
• >$3 million -July 2014
• Remediation ongoing (8 yrs) - July 2014
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*Source: ND Industrial Commission Oil & Gas Division
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• Subsurface flowlines

• Leaks undetected

• Damage to Natural Resources

Sheridan County, Montana

Sheridan County, Montana

• Leak Detection 

• Early detection & response

• Minimize damage

• Research & development
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• Leak detection not immediate

• Long-term Damage to Natural Resources

• Loss of ecological functions & values

• Triage Management • Triage Management 

• Reporting problems

• Aging infrastructure

Brine & oil spill, Divide County, North Dakota
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• Leak detection system for flowlines

• Data 

• number of spills

• costs• costs

• Assessment of O&M

• Research

• Remediation

• Restoration

• Outreach to field staff

• Prevention

• Reporting

Corroded flowline, Atchafalaya NWR, Louisiana



“Here is your country.”
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Deep Fork NWR, Oklahoma



“Cherish these natural wonders, cherish the natural  resources, ...”
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Pelican Island NWR, Florida

Bosque del Apache NWR, New Mexico



“cherish the history and romance as a sacred herita ge, …”
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St. Marks NWR, Florida

Charles M. Russel NWR, Montana



“…for your children and your children’s children.”

- Theodore Roosevelt
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Sabine NWR, Louisiana

Two Ponds NWR, Arvada, Colorado
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