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US Gas/NGLs: The going gets tough

Sharply lower NGL basket prices putting pressure on production
economics

The sharp fall in NGL prices in October, if sustained, could have a sizable
impact on the production economics of liquids-rich shale plays. Combined
with low gas prices if the winter were mild and infrastructure bottlenecks were not
resolved in time, a well with an IRR of ~130% at $100/bbl oil, 40% NGL price-to-oil
ratio, and $4/MMBtu gas, could see its IRR fall to 25% at $80/bbl, 30% NGL-to-oil
ratio and $2/MMBtu gas.

A longer term shift down in oil prices could see the effect cascade down to
NGLs and to gas production. Our conceptual analysis highlights the sensitivity
producers may have without proper hedges. The report The Abyss Stares Back
details the impact on tight oil production at different prices.

Citi estimates an 85-Bcf inventory build this week vs. a build of 94-Bcf last week and
a build of 38-Bcf last year.

North America

Anthony Yuen
+1-212-723-1477
anthony.yuen@citi.com

Edward L Morse
+1-212-723-3871
ed.morse@pciti.com

Xing Xing
+1-212-723-3612
xing.xing@citi.com
Aakash Doshi

+1-212-723-3872
aakash.doshi@citi.com

Seth M Kleinman
+44-20-7986-4556
seth.kleinman@citi.com

Eric G Lee
+1-212-723-1474
eric.g.lee@citi.com

Christopher J Main
+44-20-3569-4309
chris.main@citi.com

Richard Morse
+1-212-723-7294
richard.morse@citi.com

See Appendix A-1 for Analyst Certification, Important Disclosures and non-US research analyst disclosures.

Citi Research is a division of Citigroup Global Markets Inc. (the "Firm"), which does and seeks to do business with companies covered in its research reports. As a
result, investors should be aware that the Firm may have a conflict of interest that could affect the objectivity of this report. Investors should consider this report as only
a single factor in making their investment decision. Certain products (not inconsistent with the author's published research) are available only on Citi's portals.

citivelocity.com


https://ir.citi.com/nmDJwo%2fip6GAU8QadG%2fP23Tv5zpv0d3e%2fhHdEFMF619A5u5lbeVgUBoZhIj6ScpG6jBoimf%2bKyw%3d

US Gas/NGLs: The going gets tough .
29 October 2014 Citi Research

Historically, natural gas liquids (NGL) basket prices trade at a ratio to oil prices, at
times over 50% several years ago, for NGLs priced at Mont Belvieu, TX vs. WTI oil.
This ratio has averaged around 38% since April'14. However, as oil prices started
falling in late June/early July, NGL prices held firm, driving the NGL/WT] ratio from a
low of 35% in late July to 40% in September.

Figure 1. NGL basket prices at Mont Belvieu vs. WTI drifted from above Figure 2. But despite the fall in WTI oil prices (CL-NYMEX), NGL prices

50% to below 40% due to the NGL production glut have held firm in August/September (NGL-to-oil rising), before falling
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Since the start of October, NGL prices have declined sharply. Prices of different
Figure 3. NGL basket price at Mont Belvieu NGL components reacted differently to changes in oil and gas prices.
(MB) and Conway (C)
100 e Ethane, where prices are highly correlated with natural gas because of
o ethane rejection (i.e. leaving excess ethane in the natural gas stream),
B} :2 ] continued to drift lower as natural gas prices fell.
=
50
§ s ".\_ e Spot prices of propane, butane and iso-butane have largely been flat after
;2 winter but started to fall more sharply in October, as inventories pushed
o toward capacity limits. The prospect of exports on term contracts had

------ % partly supported prices earlier but the subsequent price decline mirrored
and in some cases outpaced the sharp drop in oil prices.

Source: Platts, Citi Research

e Natural gasoline, or pentane-plus (i.e. C5), tracked WTI prices more
closely, with C5’s price discount vs. WTI hovering between $5 and $10/bbl.
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Figure 4. Propane prices at Mont Belvieu vs. WTI (CL-NYMEX) Figure 5. Butane prices at Mont Belvieu vs. WTI (CL-NYMEX)
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Figure 6. Natural gasoline (pentane-plus) prices at Mont Belvieu vs. WTI  Figure 7. Price differences between natural gasoline at Mont Belvieu
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Lower oil prices pushing down NGL prices could potentially affect the pace of drilling
of liquids-rich wells in the coming year. Producers, particularly those who are natural
gas-focused, directed resources at shale plays such as the Utica and southwest
Marcellus in the Northeast, Eagle Ford in Texas and Niobrara in the Rockies,
because of their liquids-rich properties. Higher revenues that NGLs bring improve
the overall production economics.

The following conceptual analysis examines the production economics and internal
rates of return (IRR) of liquids rich wells by making changes to oil prices, the NGL
price-to-oil ratio, and natural gas prices. This analysis assumes: (i) a well cost of
$7MM, (ii) 30-day initial production “IP” of 3,000-boe/d, (iii) a b-factor that eventually
falls to below 1 to conform to physical principles, and (iv) production consisting of
30% NGLs and 70% natural gas.

Impact on IRR

At the best locations with good access to markets in a high price environment, such
wells could have an IRR over 100%. But the scenarios examined below also show
that lower oil and gas prices could quickly push IRR to ~25%, assuming a well
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produces for 30 years, or to nearly -7% if a well reaches its “economic limit” and
ceases to produce economically in 10 years. The last scenario may not be likely, but
many modern shale wells have only been drilled in the last five to seven years.
Liquids production as a share of total production may decline over time as is typical
in some other hydrocarbon producing wells.

Sensitivity of IRR to oil/NGL price changes: Our analysis showed that a $10/bbl
fall in oil prices could translate into a nearly ~10% drop in IRR, if a liquids producing
well were to produce for 30 years. If the well were to produce for 10-years, then the
drop in IRR (which starts off at a lower level than the 30-year case) could be around
7%. For example, at $100/bbl oil and an NGL-to-oil ratio of 40%, (i.e. NGL basket
price at $40/bbl), the IRR could be 130% at a gas price of $4/MMBtu. But at
$80/bbl oil, the IRR should fall to ~110%.

But there are locations where NGL prices, due to a lack of infrastructure or regional
demand, would see a lower NGL-to-oil ratio. At a 30% ratio, $80/bbl oil and
$4/MMBtu gas, IRR could fall from 110% to ~91%.

Figure 8. IRRs assuming different NGL basket and natural gas prices Figure 9. IRRs assuming different NGL basket and natural gas prices

(different lines) if a well produces for 30 years
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Note: Production assumptions: 30% NGL, 70% natural gas, well cost at $7MM, IP at
3,000-boe/d
Figure 10. Conversion between $/bbl and cents/gallon for NGLs Figure 11. NGL prices at different oil prices and different NGL-to-oil
price ratios
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Sensitivity of IRR to gas price changes: A $1/MMBtu drop in the hypothetical well
that produces 30% NGLs and 70% natural gas could see its IRR fall by ~33%. The
oversupply of gas looks set to linger into next year, particularly in regions with
infrastructure bottlenecks. This could push gas prices to the $2 range. Hence, at $2
gas (down from the $4 level), along with an $80/bbl oil and 30% NGL-to-oil ratio, the
IRR could fall from 91% to 25% if the “economic limit” of a well were reached in 30
years. But if a 10-year limit is used, then IRR would fall to -7%!

In sum, in a stressed oil and gas price environment, production economics could
change sharply, affecting the desire to drill, especially at marginal locations. This
short analysis only examined the impact of price changes on IRR, but well
productivity and other factors vary greatly as well.

Northeast production watch

Marcellus and Utica production has bounced back but has not yet surged in
expectation of new takeaway pipelines coming online.

Figure 12. Total Northeast production (Marcellus + Utica) still relatively ~ Figure 13. Northeast Marcellus production dipped in September and
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Figure 14. SW Marcellus and Utica production has remained flat after Figure 15. Production area (TRN Leidy) and market center (TRNZ6 New
setting new highs in late summer York) prices have recovered a bit but are still much below Henry Hub
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Citi estimates an 85-Bcf inventory build this week vs. a build of 94-Bcf last week and
a build of 38-Bcf last year.

Figure 16. EIA natural gas inventory estimates

L48 East Prod West L48 East Prod West
Injection/Withdrawal Inventory
This week 85 44 32 9 3,478 1,916 1,071 491
Last week 94 47 39 8 3,393 1,872 1,039 482
Last year 38 17 18 3 3,779 1,964 1,263 552
Surplus to last year (301) (48) (192) (61)
Weekly CDD Weekly HDD
This week 23 9 8 6 55 47 2 6
Last week 33 19 8 7 34 25 2 7
Last year 16 13 1 2 90 67 7 17
Source: EIA, Citi Research
Figure 17. Weekly injection/withdrawal and inventories table
Injection {Withdrawal) - Bef Irventaries - Bef
ek This yr Last yr YT avy Ay rmin |5y mag [ 3-yr avg Fyrmin [ Fyrmax [Thisyr Last yr Ay ravd  |Byrmin Sy max [3-vravg [Fvrmin [ Frmax
WE2014 a2 A5 75 27 103 A1 27 92 2,801 3,253 3,304 3112 3,458 3,265 3,112 3,429
9122014 a0 45 73 45 a0 [ 45 an 2,801 3,209 3,372 3,201 3,525 3,332 3,201 3,496
982014 a7 a7 an 74 111 a3 a0 a7 2,088 3,386 3,455 3,312 3,588 3,425 3,312 3,576
Or26(2014 112 101 a4 77 112 a7 77 112 3,100 3,487 3,541 3,408 3,658 3,516 3,409 3,653
10032014 105 a0 a4 72 112 89 72 105 3,205 3,577 3,626 3,521 3,725 3,608 3,521 3,725
10410201 4 a4 77 a4 51 103 74 51 94 3,299 3,654 3,684 3,624 3776 3,685 3,624 3,776
1041772014 a4 a7 a2 67 a4 a3 67 a4 3,393 3,741 3,763 3,716 3,843 3,767 3,716 3,843
10241201 4 a5 38 a5 29 ] i} 38 73 3,473 3,779 3,818 3,778 3,908 3,827 3,779 3,908
100317201 4 93 35 27 19 7 31 1 37 3,577 3,814 3,845 3,813 3,929 3,858 3,814 3,929
11772014 43 20 [ (18) 20 5 (19 20 3,620 3,834 3,851 3,833 3,911 3,863 3,834 3,911
110142014 52 (45) (16) (45) ] (25 (45 ] 3,672 3,789 3,835 3,788 3,873 3,838 3,789 3,873
1102172014 g (13) (5) (23) 4 [l (13 4 3,680 3,776 3,829 3,776 3,877 3,835 3,776 3,877
11/28/2014 - (162 82) (162) (20) 85 (162 (2] 3,659 3,614 3,748 3,614 3,831 3,750 3,614 3,83
Source: EIA, Citi Research
Figure 18. Weekly supply-demand table
Tatal Tatal Imports  |Exports |Imparts
Wieelk demand |ElecGen |FesComm  |Industrial |supply Production |(Canada) |{M») (LMG) CoD 10-yr avg [HOD 10-yr avg
8/5/2014 63.0 8.8 8.4 198 74.0 707 5.8 -2.2 0.1 104 81 1 3
8/12/2014 614 26.9 8.9 19.7 733 706 4.8 -2.2 0.1 82 72 g 4
8/19/2014 61.1 246 10.49 198 738 707 4.8 -2.1 0.1 B1 63 21 g
8/26/2014 594 4.2 9.8 198 736 708 5.0 -2.0 0.1 53 g0 g 13
10/3/2014 597 4.3 8.9 198 737 706 4.8 -1.8 0.1 g0 45 15 26
10/10/2014 §4.0 23.8 14.0 20.2 74.3 70.8 5.4 -2.0 0.0 46 34 43 35
1001712014 62.5 226 13.7 203 747 71.0 5.7 -2.0 0.1 33 27 34 53
10/24/2014 66.0 228 16.5 206 75.8 722 5.8 -1.8 0.1 23 25 55 62
1063142014 63.3 20.8 16.0 206 751 717 5.2 -1.8 0.1 23 18 &3 74
11712014 69.6 19.0 231 214 T8 707 4.8 -2.2 0.2 10 14 84 87
1101442014 6.4 18.6 22.4 214 T8 70.7 4.8 -2.2 0.2 g 10 86 54
1142142014 746 19.5 271 218 T8 707 4.8 -2.2 0.2 B 7 116 1m
11/28/2014 788 19.3 30.8 222 el 707 4.8 -2.2 0.2 B A 136 134
Source: EIA, Citi Research
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Figure 19. US Monthly Natural Gas Supply-Demand Balance (actuals: 2013 and 2014 YTD; normal weather for bal-2014, 2015 and 2016)

Jan13  Feb13  Mar13  Apri13  May13  Jun3 Jul-13 Augi13 Sep13 Oct13 MNov13  Dec13| ¥/ Change | Annual

Total Supply 69.3 69.1 69.0 69.4 69.6 69.6 70.5 69.9 70.0 70.0 7.9 7249 0.9 70.1
Prad 65.1 65.1 G5.2 G5.8 6.2 G5.8 G6.6 5.1 6.1 G6.5 G5.0 67.8 1.2 6.2
LM 0.4 0.3 0z 0.1 0.1 0.1 0.1 01 0.1 0.1 0.1 0z 0.2 0z
Exports to Mexico 1.9 1.9 1.8 1.7 (1.7 1.8 1.8 (1.81 1.9 1.9 2.0) 2.0) 01 1.9
Imports from Canada 5.8 5.7 5.4 5.2 5.1 5.4 5.6 55 5.6 5.3 5.7 7.0 01 5.6
LNG Exports - - - - - - - - - - - - - -
Total Demand 92.3 90.6 81.2 64.9 56.3 57.2 61.0 61.0 58.2 61.9 80.1 95.4 27 .7
IND 220 214 213 200 19.2 18.9 19.1 19.2 19.3 201 216 228 1.6 204
ResComm 407 438 345 0.2 12.0 8.5 8.2 g1 a3 16.0 s 418 41 2249
EG 209 204 19.2 18.8 0.2 245 291 By 248 203 0.2 27 24) 224
Pipe Use 248 26 23 18 16 16 17 1.7 16 17 22 26 01 20
Lease and Plant Fuel 38 38 38 38 38 38 38 38 38 38 39 4.0 oo 38
Transport 0.1 0.1 0.1 0.1 0.1 0.1 0.1 01 0.1 0.1 0.1 0.1 0.0y 0.1
Inventory (Bcf) 2,702 2,102 1.723 1,858 2,271 2,642 2,937 3211 3,565 3,816 3570 2,875

Jan14 Feb14 Mar14 Apr14 May14 Jun-14 Jul-14 Augi14  Sep 14  Oct-¥4  Nov-14  Dec-14| Y/¥Y Change | Annual
Total Supply 7341 72.2 72.0 72.0 735 734 734 737 73.6 4.6 735 734 31 732
Prad 67.3 67.7 657 65.3 70.3 705 705 706 706 7.2 77 71.0 37 64,9
LM 0z 0z 0z 0.1 0.1 0.1 0.1 01 0.1 a1 a2 a2 o a1
Exports to Mexico (1.6) (1.8 (1.9 (1.8 2.0 2.2 2.2 21 2.1 (1.4 (2.2) (2.7 0.2 2.
Imports from Canada 72 5.1 49 4.80 5.13 497 5.02 522 5.03 5.32 4.8 4.9 o3 8.3
LNG Exports - - - - - - - - - - - - - -
Total Demand 104.2 98.1 83.0 65.1 58.6 56.1 9.7 63.1 60.8 61.8 736 §9.9 1.2 728
IND 235 228 216 204 19.6 19.5 19.6 19.7 19.8 20.4 21.8 239 a8 21.0
ResComm 487 459 357 19.8 1.7 8.6 8.3 g2 26 14.8 26.5 347 ar 23.6
EG 214 19.3 17.8 17.9 216 24.4 A 0.0 257 22.8 9.9 20.4 {1} 223
Pipe Use 29 28 23 18 16 16 17 1.8 17 1.8 20 26 an 20
Lease and Plant Fuel 4.0 39 39 39 39 39 39 38 39 3.9 4.0 4.0 ad 3.9
Transport 0.z 0.z 0.z 0.z 0.z 0.z 0.z 0z 0.z a2 a2 a2 ag a2
Inventory (Bcf) 1,925 1,200 857 1,066 1,563 2,081 2,506 2,837 3221 3,619 3677 3,105

Jan-15  Feb-15  Marl5  Aprl5 May15  Jun-15 Jul-15 Aug-1s Sep-15 Oct-15 Now-15  Dec-15| ¥Y/¥ Change | Annual
Total Supply 737 737 734 735 .1 4.0 .1 4.2 .1 731 4.3 4.4 07 739
Prad 714 715 716 717 71.8 71.9 720 72 723 722 73T 73T 2z 72
LM a1 a1 a1 a1 a1 a1 a1 ad a1 a1 a1 a2 o a1
Exports to Mexico 2.7 2.8 2.8 2.4 2.9 3.0 3.0 f31) 3.9 3.2) 3.2) 3.2) [28e)] 3.0
Imports from Canada 5.0 4.8 4.5 4.6 8.2 5.0 5.0 a0 4.8 4.5 4.8 4.9 {4 4.8
LMG Exports - - - - - - - - - (0.6 (0.6 (0.6 {o1) {o.q)
Total Demand 4.4 95.2 70.3 6.6 6.9 61.9 641 647 61.2 65.9 5.7 92.5 0.6 735
IND 236 23.3 223 2.2 205 20,3 205 A6 20.6 2.4 227 24.0 ag 2.7
ResComm 43.4 44.8 3.0 149.3 124 a0 8.4 a4 a7 16.8 26.9 34,8 {1.1) 224
EG 205 209 149.5 19.9 229 26.6 24.2 21 250 2.6 149.8 2.7 a8 2249
Pipe Use 27 27 22 1.8 1.7 1.7 1.8 1.8 1.7 1.8 21 26 an 21
Lease and Plant Fuel 4.0 4.0 4.0 4.0 4.0 4.0 4.0 40 4.0 4.0 4.0 4.0 ad 4.0
Transport 0.3 0.3 0.3 0.3 0.3 0.3 0.3 a3 0.3 0.3 0.3 0.3 ad 0.3
Inventory (Bcf) 2,465 1,862 1,680 1,889 2,297 2,667 2,970 3281 3,668 3,893 3850 3,289

Jan-16 Feb-16.  Marl6  Aprl6  May-16  Jun-16 Jul-16 Aug-T6 Sep-16 Oct-16 Now-16 Dec-T6| Y/¥ Change | Annual
Total Supply 4.4 4.5 4.5 4.2 75.0 5.1 754 75.6 5.7 5.1 76.4 76.7 1.3 75.2
Prad 734 737 74.0 742 745 748 7o R a7 76.0 70 73 a0 7o
LM a1 a1 a1 a0 a0 a1 a1 ad a1 a1 a1 a1 o a1
Exports to Mexico 3.4 3.9 3.9 {3.6] (2.8 (3.7) (3.7) (38 (2.8 (2.4 (2.4 (2.4 {07 (3.7)
Imports from Canada 5.0 4.8 4.5 4.6 8.2 5.0 5.0 a0 4.8 4.5 4.8 4.9 - 4.8
LMG Exports (0.6 (0.6 (0.6 {1.4) (1.4 {1.4) {1.4) {1.1) {1.4) {1.7) {1.7) {1.7) (1.0 {1.4)
Total Demand 95.8 97.1 §0.2 67.7 61.7 63.0 67.1 68.7 61.6 67.5 7.5 93.2 17 75.2
IND 24.6 24.4 23.3 223 2.8 2.3 2.8 2.6 2.6 224 23.7 259 1.0 228
ResComm 43.5 44.9 A 149.5 12.5 a1 8.5 a6 a7 16.8 26.8 399 ad 226
EG 205 20.6 149.3 149.8 2.7 26.5 0.8 HTF 26.2 229 20.6 2.3 as 23.4
Pipe Use 27 27 22 1.9 1.7 1.7 1.8 149 1.7 1.9 22 26 an 21
Lease and Plant Fuel 4.1 4.1 3.9 3.9 3.9 3.9 3.9 40 4.0 3.9 3.9 3.9 o) 4.0
Transport 0.4 0.4 0.4 0.4 0.4 0.4 0.4 a4 0.4 0.4 0.4 0.4 ad 0.4
Inventory (Bcf) 2,627 1,974 1,796 1,991 2,403 2,765 3,022 3,255 3,617 38571 38717 3,307

Source: EIA, Citi Research
Note: Forecasts in Italics
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Figure 20. Annual US natural gas supply-demand balance (2009-2020)

M atural Gas (Bcf/d} 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020|2011-17 2011- 20 2014-20
Total Supply 62.9 647 67.2 69.2 T0.1 3.2 739 5.2 771 T8.8 0.8 823 10.0 15.1 9.1
Productior® 256 BT E1.5 649 B5.2 69.9 721 751 7.4 &35 &84 214 176 296 2.6
LNG 12 12 1.0 0.4 0z 0.1 041 0.1 01 041 0.0 0.0 (0.9) (0.9 (0.1)
Exports to Mexico (0.9) (0.8) (1.4 (1.6) (1.9) (2.0 (3.0) (3.7) (5.0 (5.0) (5.8) (6.4 (3.6) (5.0 (4.4
Importsfrom Canada 70 ;2 5.8 25 a6 2.3 435 435 2.3 5.3 5.3 2.3 0.3) 0.3 0.1
LN GExports (0.1) (1.1} (2.7} (5.0) 7.2) (8.1) 2.7) (5.1 (8.1)
Total Demand 63.3 65.9 66.6 69.6 TL7 T2.8 735 5.2 771 T8.8 0.8 §2.3 10.6 15.7 9.3
Industrid s 177 15.5 1849 195 24 2.0 T 25 237 245 2.3 26.1 4.5 72 a1
ResCormm T A4 21.4 19.3 x4 236 225 26 27 2248 231 232 1.3 18 (0.3
Electricity Generation 188 xnz2 208 250 x4 223 2248 234 236 238 234 237 24 24 1.4
Pipe Use 1.7 18 1.8 14 20 20 21 21 22 23 24 24 0.4 06 0.4
Lease and Plant Fuel 34 35 3T 38 38 34 40 40 4.2 43 45 4.6 0.5 [0z o7
Transport - - - 01 01 0z 03 04 o7 11 16 23 o7 23 21
Demand + Exports &2 66.7 65.0 TL.2 73.5 749 76.6 B0.0 548 5.9 938 96.8 16.9 28.8 219
* Production in 2017 and bevond derived by ratching totd supply with total dermand

Source: EIA, Citi Research
Note: Forecasts in Italics

Gas inventories

Figure 21. Lower 48 Figure 22. East region
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