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1 bbl oilfield brine
700 salt shakers

Hagerman NWR, Texas
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Brine spills




Why are there oil
wells on Wildlife
Refuges?

Deep Fork NWR, Oklahoma

Beaver Lake Waterfowl Production Area, North Dakota
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Hagerman NWR, Texas

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

Delta NWR, Louisiana




Deep Fork NWR, Oklahoma

Catahoula NWR, Louisiana




Delta NWR, Louisiana

Roosevelt County, Montana
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Deep Fork NWR, Oklahoma
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Lake Ophelia NWR, Louisiana

Deep Fork NWR, Oklahoma
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Atchafalaya NWR, Louisiana







Chronic spills

Disposal in unlined pits
Salt scald

Long-term damage
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Salt Scald in Arkansas

Atchafalaya NWR, Louisiana




Legacy Spills

Chronic spills

Disposal in unlined pits
Salt scald
Long term damage
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Subsurface Brine Plume, Beaver Lake WPA, North Dakota

Salt Scald Beaver Lake WPA, North Dakota




Deep Fork NWR, Oklahoma

Corrosion

Overflow

Illegal Activity
Dumping
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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Brine Impacts - Wildlife

Why deer can be attracted to gas drilling
sites

NOVEMBER 26, 2013 | 424 PM @ & commants = Email

BY MARIE CUSICK W Tweet 0 I Recommend HENI

ad to lowback fluid from g

Hunters have long known deer love salt. In Pennsylvania it's illegal o put out salt licks
to try to attract deer But there are still salty spots deer find on their own

One of those places can be gas drilling sites The brine water that comes back up after
hydraulic fracturing (known as flowback) can be as much as 10 times saltier than
seawater. It can also contain heavy metals and radioactive matenials

The state Department of Environmental Protection acknowledges that brine spills large
and small do occur, and they have not studied its impacts to wildlife

nediated deer lick areas, located near drill pit burial site. Inset photo
nician’s right (up slope) in the larger photo. Photos taken Septembe

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.

27



Salinity increase
Chlorides

Residual Oil — Toxicity
Biochemical O, Demand (BOD)*

— —

*Source: The Fate and Effects of Oil in Freshwater. Edited by J.
Green and M.W. Trett. Elsevier Applied Science, NY. 1989.
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Burke County, North Dakota




Agrostis stolonifera

Sagittania latifolia |
Elodea canadensis |

Ammannia coccinea
Ranunculus macounii

Callitriche hermaphroditica |-

Carex rostrala
Lysimachia ciliata
Phalaris arundinacea

Potamogeton friesii |-

Potamogeton richardsonii
Polygonum lapathifolium

Mentha arvensis |

Echinochloa crusgalli
Ceratophyllum demersum
Eleocharis acicularis

Sagittaria cuneata |

Potamogeton pusillus
Potamogeton filiformis

Myriophyllum exalbescens |

Utricularia vulgaris
Beckmannia syzigachne
Alisma subcordatum
Typha latifolia

Rumex maritimus
Heliotropium curassavicum
Scirpus acutus

Eleocharis macrostachya |-

Salicornia rubra

Patentilla anserina |-

Juncus balticus
Hordeum jubatum
Triglochin maritima

Scirpus americanus |-

Distichlis spicata var. stricta
Potamogeton pectinatus

Scirpus paludosus |
Ruppia maritima |

Fresh

Slightly  Moderately
brackish

100 1,000 10,000 100,000

SPECIFIC CONDUCTANCE OF WATER,
IN MICROSIEMENS PER CENTIMETER

Oilfield Brine




Slightly Moderately
Fresh  brackish brackish  Brackish
/

R
Gammaridae Amphip
Talitridae |

Artemiidae | HET 1
Branchinectidae Ollfleld B”ne
Chirocephalidae |

Bosminidae

Chydoridae

Daphnidae

Leptodoridae |
Moinidae
Polyphemidae
Sididae
Curculionidae
Dytiscidae
Gyrinidae
Haliplidae
Helodidae
Hydrophilidae
Staphylinidae
Ceratopogonidae |-
Chaoboridae
Chironomidae
Corethrinae
Culicidae
Dixidae |
Dolichopodidae |-
Ephydridae |
Psychodidae
Sciomyzidae |
Stratiomyidae |-
Syrphidae
Tabanidae |
Tipulidae
Belostomatidae |-
Corixidae
Gerridae |
Hebridae
Mesovelidae -
Notonectidae
Pleidae
Velidae

Aeshnidae

Coenagrionidae |-
Lestidae
Libellulidae |
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SPECIFIC CONDUCTANCE OF WATER,
IN MICROSIEMENS PER CENTIMETER




Brine — How Much Is Too Much?

e Volume of Spill

 Chemistry of Brine
TDS
Chlorides
Bromides
QOil

Trace Elements

 Wetland Type, Size & Salinity

i i, gl T o e g
Sheridan County, Montana




Habitat Loss
Soil Structure Damage

None

Deep Fork




84 Hardwood trees
2 trees > 150 yrs old
>5154,00K replacement value

Soil Structure Damage

S ._.‘_'-

Hagerman NWR, Texas

Pending




Remediation - ? Unlikely

Impacts to wetlands - unknown

Sheridan County, Montana

Sheridan County, Montana




Sheridan County, Montana

Toxicity - aquatic invertebrates

Waterfowl Impacts
Food chain
Mortality risk to ducklings

- -
—
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Natural — sulfate dominated salts
Brine — chloride dominated salts
Residual oil — high BOD

Sheridan County, Montana




75 % - Mgmt of oil-related issues

Sheridan County, Montana

Enforcement — Refuge laws

Recreation management
hunting, fishing

Wildlife surveys

Habitat restoration

\VEN = El =

Sheridan County, Montana




Scrape & Haul

Mountrail County, North Dakota

Additional damage

Non-nhative soil
Invasive species
Erosion

Mountrail County, North Dakota
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Tile drains & sumps

Waterfowl Production Area, Montana

Native soil remains in place
Move salt to sumps
Recover saline fluid

Time intensive

Water to move salt {\_\ "

Waterfowl Production Area, Montana
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field Brine Spill, Incident Reported May 1
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Barren Pond
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Imagery.Date-8/19/2013  lat 48.720434% lon -102.7171432 elevi 24747t eyelalt 4843 ft.
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Flowline leak

Maximum

extent of

visible oil
contamination

@ 2015 Google ; GOOSIQ ea rt h

Imagery. Date: 8/13/2013  lat 48.718855% lon -102.0250322 elev: 2355 ft  eye'alt 4333 ft ()
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Remediation Costs
Frequency of Spills

Revegetation success

Reporting requirements

Spill Response

Remediation options
Restoration

Sheridan County, Montana
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Saltwater Disposal well July 2011
> $1 million - July 2014

Brine flowline — Jan 2006
>$3 million -July 2014
Remediation ongoing (8 yrs) - July 2014

*Source; ND Industrial Commission Oil & Gas Division




Subsurface flowlines
Leaks undetected
Damage to Natural Resources

Sheridan County, Montana

Leak Detection
Early detection & response
Minimize damage

Research & development

Sheridan County, Montana




Leak detection not immediate
Long-term Damage to Natural Resources

Loss of ecological functions & values
Triage Management
Reporting problems
Aging infrastructure

Brine & oil spill, Divide County, North Dakota




Leak detection system for flowlines

Data
number of spills
costs

Assessment of O&M
Research

Remediation
Restoration

Outreach to field staff

Prevention
Reporting

Corroded flowline, Atchafalaya NWR, Louisiana




“Here is your country.”

Deep Fork NWR, Oklahoma
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“Cherish these natural wonders, cherish the natural resources, ...”
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Bosque del Apache NWR, New Mexico C&GGEP

Pelican Island NWR, Florida
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“cherish the history and romance as a sacred herita

St. Marks NWR, Florida

Charles M. Russel NWR, Montana
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“...for your children and your children’s children.”
- Theodore Roosevelt

Two Ponds NWR, Arvada, Colorado
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Sabine NWR, Louisiana







