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Presenter
Presentation Notes
New Mexico lies in the southwestern part of the United states, west of Texas, east of Arizona, and north of Mexico.  It has a high desert climate with low precipitation ranges, a low population, and limited surface water availability. Drought, and extended dry periods, are more the norm than the anomaly, although occasional very wet years drive up our precipitation averages. Ground water is a major source of water for most uses. The geology is complex, making water management diverse over many different regions.  We are doing a good job of conserving water in many sectors, and continue to progress in this area. Developing the use of alternative water resources, such as produced water and brackish ground water, is an important aspect of conserving valuable fresh water resources.


Figure 3. USDA drought designations for 2014. Southeast New Mexico Drought

disaster incidents are shown in red (primary counties) and orange (contiguous
counties). Source: USDA Farm Service Agency.
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Presenter
Presentation Notes
Drought designation at the peak of the drought in 2014.  About 1/3 of the US was impacted.  Drought has ceased since then due to El Nino patterns in NM, AZ, OK, and TX. California still has regions where they have not caught up, however, despite heavy rains/snow.


Figure 2. Palmer drought severity index for New Mexico, 1900-2013. Wet years shown in
green above baseline, dry years shown in yellow below baseline. Adapted from: NCDC-NOAA,
accessed 06/30/2014.
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Presenter
Presentation Notes
Since 2000, drought years have become more frequent than wet years, and have increased in severity.  Note that 2015-2016 has been wet again due to El Nino.


A collision of Drought and Energy
development in an arid region....

e The Permian Basin is located in an arid region in southeastern New Mexico and
West Texas

e Hydraulic fracturing drove a boom in oil and gas development from 2005-2014
* Concurrent water use by the oil and gas industry rose dramatically

e At the same time, drought year incidence and severity increased, leading to
surface water supply stress, increased ground water use, and reduced ground
water recharge.

Leading to Questions:

How large were the fresh water withdrawals by the oil and
gas industry in this region during this time?

How do they compare with other withdrawals, and how
impactful are they?

Can reuse of produced water reduce impacts and be
economically feasible?

What policy changes will be needed to improve outcomes?

o'Los: Alamos
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Presenter
Presentation Notes
While these may seem to be simple questions, the answers were hard to find.  Data that is gathered for oil and gas production does not mesh well with data gathered that reflects fresh water uses. Intervals of fresh water use data collection are every 5 years, while oil and gas data is collected much more frequently. Metering of fresh water withdrawals, and attribution of water sales is not done, and so the actual end user of fresh water is not known.  And so, As oil and gas companies realize the value of water, and implement recycling, the positive impacts on fresh water supplies are not easily measurable…


Figure 1. New Mexico natural gas and oil basins and uplifts including Eddy, Lea, and
Chaves counties and the Permian Basin region in the southeast, and the San Juan
Basin region in the northwest.
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Presenter
Presentation Notes
Our study area is in the Southeast Corner of New Mexico…the Permian basin.  Oil and gas development is one of the largest industries in the region, along with mining and agriculture.


Figure 4. (Left) Water levels in shallow ground water aquifer well, Lea County, NM, from
1970 through 2013. Well completed in Alluvium, Bolson Deposits, and other Surface
Deposits, TD= 604 feet below land surface. (Right) Water levels in a shallow ground-water
aquifer, Eddy County, NM, from 1946 through 2013. Well completed in Alluvium, Bolson
Deposits, and other Surface Deposits, TD= 186 feet below land surface. Source: USGS
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Presenter
Presentation Notes
Drought-driven lowering of head levels in shallow wells in Lea and Eddy Counties.  Other counties also showed similar effects in both shallow and deep wells.  We expected that drought could reduce the amount of fresh ground water withdrawals in the region, for all uses, if wells continued this type of response.


Figure 5. Fresh water withdrawal category comparison for Chaves, Lea, and Eddy Counties.
On left, all categories reported (acre-feet). On right, all categories exceptirrigated agriculture

(acre-feet). Mining category includes oil and gas withdrawals. Source: NMOSE.
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Percentages of mining water withdrawn for oil and gas were: 2% (Eddy), 91% (Lea) and 45% (Chaves). Lea
supported more oil and gas activity, while Eddy supports potash mining. Chaves has more agriculture.



Presenter
Presentation Notes
Fresh water withdrawn for irrigated agriculture is the largest portion (about 80%) of documented fresh water withdrawals in Lea, Eddy, and Chaves counties (left hand chart).
If irrigated agriculture is removed, then the other 20% of withdrawals become clearer. Eddy county has significant losses due to reservoir evaporation-it is the only one of the three counties that has measurable surface water. Public water supplies, Mining (which includes oil and gas uses) and livestock watering are the next largest users. 


Figure 6. Fresh water irrigation withdrawals, number of irrigated farms, and number of
irrigated acresin Chaves, Lea, and Eddy Counties from 2000-2012.
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Presenter
Presentation Notes
We wanted to understand if there were trends in irrigation and farms that were significant as a result of the drought. All three counties were impacted similarly by reduced rainfall and runoff. We expected that we might see decreases in withdrawals with significant drought, over time, as a result of well depletion. Chaves county is the most indicative of drought conditions on agriculture-related ground water withdrawals (no surface water in this county). Fresh water withdrawals went down between yrs 2000 to 2005.
All three counties lost irrigated farms, and irrigated acres over time (Lea did see an increase in acres from 2007-2012, but a net decrease since 2002)
Only Lea county showed any increase in irrigation withdrawals, but at the same time lost irrigated farms and irrigated acres.  
Lea county experienced a large increase in agricultural groundwater withdrawals by 33%, while in Eddy and Chaves there was a 17% and 28% decrease, respectively.  Was the increase in irrigation a result of the increase in irrigated acres? 
Without other data we were forced to conclude that the withdrawals were most likely related to the effects of drought on agriculture, farm consolidation, and possibly ground water depletion that had reduced withdrawals in Chaves and Eddy counties. 
However, we note that there is no way to determine if agricultural withdrawals are sold for oil and gas or other uses-a distinct possibility in Lea county. Water withdrawn for irrigation can be sold and would benefit farmers financially. 
This has been heard anecdotally in the region but there is no verifiable data. we had hoped to make this determination but could not. 


Figure 8. Comparison of oil and gas well development “starts”, oil and gas production, and fresh water
withdrawals for oil and gas use from 2000-2010 for Chaves, Eddy, and Lea Counties. Note differencein scales
left and right.
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Presenter
Presentation Notes
We calculated fresh water use per well based on data from EMNRD. An expected trend was that water use followed well starts for Lea and Eddy counties.  As such, fresh water withdrawals for Lea county oil and gas decreased over time while for Eddy county they increased.  Chaves has less oil and gas development and saw little change. About twice as many wells were fractured in Eddy county than in Lea county during 2012-2013 (Table 2 in paper)-the only times during which specific data was available. 


Figure 9. Increase in directional well percentage in all New Mexico counties, 2008-2013.
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Presenter
Presentation Notes
We looked at the percentage of directional wells drilled in NM. Most of these drilled were in the SE part of the state. A larger number of directional wells drilled correlate with increased water use, generally. (see paper, table 2 for data).  This would correlate with the data for Eddy county showing more wells drilled, and more wells fractured, along with more fresh water use per well for oil and gas.  Regardless of the source of fresh water, if oil and gas use increases, this may impact other uses over time.


Figure 7. Generalized process flow for handling of source, produced, and flowback waters,

including disposal. Both “frac” and produced water are products and can be recycled. Ultimately,
all waters are disposed, mostly via deep well injection.

Recycling Opportunities

Drilling and
Production

© Recycled R
Produced
Water® or

Potential
Sources
@ )
Fresh
Water
\_ J
= o
Brackish
Water
\ 7
4 ™
Municipal
Waste
Water
- J

f.fF rac)f
Flowback
Water

>

(

Produced
Water

J
)

Sinks

Disposal**

\ Flowback )

*Includes waterflooding,
Enhanced Oil Recovery
(EOR), and hydraulic
fracturing uses

**Includes deep
well injection and
evaporation



Presenter
Presentation Notes
There are many recycling opportunities for producers. Recycling means that there must  be a sufficient, available source of water of appropriate quality.  Efficient transportation methods are also required.  Where contiguous leases are present, the companies use moveable, lay-flat hose to pipeline the water from source to point of use.  Some companies have invested heavily in produced water storage and treatment systems. Costs for reuse of produced water are dropping with increased experience and adaptation of drilling methods and adaptation of the chemical systems used for hydraulic fracturing.


P

)
» Los Alamos

AAAAAAAAAAAAAAAAAA

The primary motivation was to reduce the use of fresh
water in oil and gas operations.

Updates to Rule 17 to encourage recycling

— Allowance of multi-well fluid pits

— No permit needed for recycling within oil and gas industry
— Time frames established for specific pit uses

— Liability and insurance rules in place

Updates to Rules 34 (produced water) and 36 (surface
waste management)

Includes “permit by rule” provisions that ease
regulatory burden-reduces # of individual permits

Result is a recycling-friendly regulatory framework
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Gaps and Path Forward

e Significant gaps exist between reporting frameworks for

fresh water and potential “non-traditional” water resources
like PW

e |dentifying who uses what water where....is not transparent

 Understanding the interconnection between agricultural
withdrawals of fresh water and sales to industry would help
develop market-friendly ways to conserve fresh ground
water during droughts.

e Regulations or guidance that smooth the way to treat and
use produced water outside of the oil and gas industry are
needed.

e Future data need to be analyzed to determine if the
regulations are affecting fresh water use. A downturn in oil

and gas development will likely complicate this analysis.
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Contact for more information-
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Jeri Sullivan Graham, Ph.D
Los Alamos National Laboratory

; 505-695-4875 ¢

New Mexico Energy, Minerals and Natural Resources Department
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