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To ensure global food security, crop
production must outpace human
population growth significantly during
the next 40 yr. This review mekes the
case that this challenge can largedy be
met by optimizing the management
of “green water” (sofl water directly
available to plant roots), an often over-
looked resource whose annual global
flow in fact matches that of 3 the
rivers in the worid flowing to the sea.

Dep. of Envircrmental Science, Policy and

Green Water and
Global Food Security

1t bs widely urderstocd that crop production muat Increse ot least twice o3 fast o3 hurmas
population growth durknyg the corming 40 yr 1o meet global food demand. Tested s¥ stegies
for achleviry this goul have not yet emenged, but some spulsticns to guide In the search
for them can be made. Adverse Impects of land conversion to agricultural use and

mizieg 308 water avallabilty o and comumption by reinfed crops to Incresie thele yields
by twofoid or mere. This cptimbsation, however, will requive majer campalgrs n multids
phnary baak research on sovtive plar-scil feedbacks that bcrease crop Homas by bilu.
encing the ritimchere. thrcugh which 40% of the ghebal freatwate: flow pses anmaaly.

Hut o the sl breashe steameing sapers cut,
Divinks isture in, and sobes % wants o, bresthes
The mcistare out agein, and 3t s aliays

Greese with the greemncs of ts grases and

Never corrades the blade of the plose with rust,
Thew that's the place 10 drape yoser floarusbing sines
Uipam poser v, e place tht wall produce

—Pebitas Virgtlazs Marm (Vigel}, Genmgi, Bocke 11 (Ferry. 200

Despite a dedine in growth rate by almost half during the put 40 yr, oati-
mates of the ghobal human popelation place it 2t 8 billion in 2024, with more than 9 billica
expected by 2050 (Roberts, 2001; Tikman et al, 20111 Thia latscr Sgaec represents an incrome
of the current wodd population by shout 30%, but the carmapanding peroontage changs
in focd crop prodscticn to mect projectod waskd demand will be much langr becaue & 3
driven by not anly pops betion growts but aleo peroral income growts 2 2010;
Tdman ctal, 2011). Carrent amalyscs indicate that, to accemmedate beth of thoe spwand
sociocmanmic trends, food crop prodaction b o increasc by 50 to M00% during the next
40 yv. That ia, it must 3t ket double the percentags change in popalstion (de Fraiters ct al.,
09; Hanjra and Quecshi, 2010; Gezgrary xnd Geomge, 201 1; Timan et al,, 2011). Mareover,
2 will emenge from amgumests tn be mack in the nest scction, thin b relbative increass
in food cop peoduction will have to come mainly from increasing crop yackd per hectare
plamed—oup interaifation—not rverting more bend to agricultursl we. The chal-
lengz pencd bocomes even mass dannzting when conedered in kgt of the cvident stagration
ar cven dectine in food crop yield increases over the past decade along with the dramatically
increming competion for rexcurca fram ranfood cropa, partxulady bofuch (Hanjm and
seshi, 2010; Foleyet al., 2011 yand Genngs, 20111

Framing the Challenge: Constraints

One weful way to approach 3 challenging problem o to cxtablad the condition under which
any vishle sclution of  mumt operate. For the problem of determining ways t0 incrase food
crmp predocticn mtficmtly o mect glokal demand, the rmilts of recen detaded studio of
land and water sac woekiwick, akong with their colngical impracts, laad to three casnint
tat, inal likelihood, will raroow the range of peasible shernatives. One o thea constraints
limits land comversion, a3 noted sbows; anather himits sgricubturad water withdrawals, while
the thind onz rovealy 3 key fucet of the conmmiptive we of water by croplands.
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Ohio Utica Shale Oil Production
Q1-2013 (Barrels
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7] Ohio Utica Shale Hydrocarbon & Brine Production
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Total Natural Gas (MCF)
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7] Ohio Utica Shale Hydrocarbon & Brine Production

thio Utica Shale Days of Production
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Total Oil (Barrels) Production Days
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Variable Sum Sum
Total Days 91,193 292+188 78,430 192+177
Oil (Barrels)

Per Day 453 23,190 74173 601 39,109 961122
Total 83,098 4,838,147 15,507 129,005 6,523,185 15,949
Gas (MCF)

Per Day 6,774 672,391 2,155+1,264 18,810 1,360,923 3,327+3,477
Total 2,196,240 168,739,064 540,830 3,181,013 215,706,401 527,400
Brine (Barrels)
Per Day 941 18,516 59+87 810 40,839 100+120
Total 36,917 3,105,260 9,953 99,095 4,669,870 11,418
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Cumualtive % Change

Cumulative % Change

= Cumulative Oil Production
e eesCumulative Oil Wells

e Cumulative Gas Production
<+ Cumulative Gas Wells

= Cumulative Brine Production

<<+ Cumulative Brine Wells

2011 2012 Q1-2013 Q2-2013 Q3-2013 Q4-2013 Q1-2014 Q2-2014 Q3-2014



Total Hydraulic Fracturing Waste Received Per Year (Barrels)
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Variable Avg Increase Per Quarter

Lateral Length (ft) 6,440-6,380 + 50-55 feet
Drill Cuttings (Tons) 608 4.7-5.2
Landfill Drilling Muds (Tons Per Facility) 28,098 15,319

Water Usage (Gallons)*

OH** 6.2-7.0 MGs 405-410K
% of Residential Demand 11-18%
% of “Available Water” 5-8% (11% w/in 1 year)
Gallons Water Per Gallon Oil 16-38 3.6
WV 6.9 MGs 450K

Silica Sand (Tons) 4,303 86

Injection Waste (Gallons Per Quarter) 117 MGs 5.4 MGs

Total

Midwest Pipeline Proposals (Miles) 22,127
Disturbance (mi’) 118

Forest (acres) 17,132

Crops (acres) 30,730

Hay/Pasture (acres) 20,742

Grasslands 6,837
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A fractured balance-sheet
Leverage of US independent energy companies

Debt, $bn Debt to gross cashflow
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Typical production curves of
different kinds of oil well
Peak production=100%
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Data inconsistencies from states with unconventional oil
and gas activity

SAMANTHA MALONE'?, MATTHEW KELSO', TED AUCH'”, KAREN EDELSTEIN', KYLE FERRAR ¥
and KIRK JALBERT'*
' FracTracker Alance, Pitisburgh, Pemnsylvania, USA
2Graduste School of Public Health, University of Pittshurgh, Pittsburgh, Permsylvamia, USA
Biological, Geological. and Environmental Sciences, Cleveland State University, Cleveland, Ohio, USA
of Science and Techmology Studies, Re laer Polytechnic Institute, Troy, New York, USA

The quality and availability of unconventional oil and gas(O&G) data in the United States have never been compared methodically
state-to-state. By conducting such an assessment, this study secks to better understand private and publicly sourced data variability
tify data availability gaps. We developad an exploratory data-grading tool - Data Accessibility and Usabiity Index
- to guide the review of O&G data quality. Between July and October 2013, we requested, collected, and assessed
§ categories of unconventional O&G data (wells dried, violations, production, waste, and Class 11 disposal welk) from 10 states
with active drilling activity. We based our assessment on cight data quality parameters (accessibility, usability, point location,
completeness, metadata, agency responsivencss, accuracy, and cost). Using the DAUL, two authors graded the 10 states and then
averaged their scores. The average score received across all states, data categorics, and parameters was 67.1 out of 100, largely
insufficient for proper data transparency. By state, Pennsylvania received the highest average (X = 93.5) and ranked first in all but
one data category. The lowest scoring state was Texas (% = 44) largely due 1o its policy of charging for certain data. This article
discusses the various reasons for scores received, as well as methodological limitations of the assesment metrics. We argue that the
significant variability of unconventional ORG data—and its availaility to the public—is a barrier to regulatory and industry
transparency. The lack of transpurency also impacts public edu nd broader purticipation in industry governance. This study
supports the need to develop a set of data best management practices (BMPS) for state regulatory agencies and the O&G industry,
and suggests potential BMPs for this purpose.

Keywords: Data transparency, environmental governance.of and gasextraction, public participation, unconventional drilling




