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Worldwide Energy Consumption (all energy)

1973 - 31.9 billion barrels of oil equivalent

2014 — Consumption doubles to 64.5 billion barrels of oll
equivalent

Worldwide Energy Consumption
Billion barrels of oil equivalent
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http://www.iea.org/Sankey/

Energy Outlook

Global population
estimated 8.7 billion

World Energy Consumption by Fuel?

® Liquids m Natural Gas = Coal m Nuclear = Other

people in 2035! 5
According to EIA i
projections, oil and Other (NG coal
natural gas will supply
more than 60 percent of ™
U.S. energy needs by o
2040, even under
optimistic scenarios for
renewable energy
growth?

https://www.bp.com/content/dam/bp/pdf/energy-economics/energy-outlook-2015/bp-energy-outlook-2035-booklet.pdf
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Jack Gerard, APl State of American Energy 2017
Chart by Erica Bowman, APl using EIA data


https://www.bp.com/content/dam/bp/pdf/energy-economics/energy-outlook-2015/bp-energy-outlook-2035-booklet.pdf
https://www.bp.com/content/dam/bp/pdf/energy-economics/energy-outlook-2015/bp-energy-outlook-2035-booklet.pdf
https://www.bp.com/content/dam/bp/pdf/energy-economics/energy-outlook-2015/bp-energy-outlook-2035-booklet.pdf
https://www.bp.com/content/dam/bp/pdf/energy-economics/energy-outlook-2015/bp-energy-outlook-2035-booklet.pdf
https://www.bp.com/content/dam/bp/pdf/energy-economics/energy-outlook-2015/bp-energy-outlook-2035-booklet.pdf
https://www.bp.com/content/dam/bp/pdf/energy-economics/energy-outlook-2015/bp-energy-outlook-2035-booklet.pdf
https://www.bp.com/content/dam/bp/pdf/energy-economics/energy-outlook-2015/bp-energy-outlook-2035-booklet.pdf
https://www.bp.com/content/dam/bp/pdf/energy-economics/energy-outlook-2015/bp-energy-outlook-2035-booklet.pdf
https://www.bp.com/content/dam/bp/pdf/energy-economics/energy-outlook-2015/bp-energy-outlook-2035-booklet.pdf
https://www.bp.com/content/dam/bp/pdf/energy-economics/energy-outlook-2015/bp-energy-outlook-2035-booklet.pdf
https://www.bp.com/content/dam/bp/pdf/energy-economics/energy-outlook-2015/bp-energy-outlook-2035-booklet.pdf
https://www.bp.com/content/dam/bp/pdf/energy-economics/energy-outlook-2015/bp-energy-outlook-2035-booklet.pdf
https://www.bp.com/content/dam/bp/pdf/energy-economics/energy-outlook-2015/bp-energy-outlook-2035-booklet.pdf
https://www.bp.com/content/dam/bp/pdf/energy-economics/energy-outlook-2015/bp-energy-outlook-2035-booklet.pdf
https://www.bp.com/content/dam/bp/pdf/energy-economics/energy-outlook-2015/bp-energy-outlook-2035-booklet.pdf

Petroleum Product Supply and Refining Capacity by
PADD
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Figure 2. Petroleum product supply and
refining capacity by PADD (Sept 2015)

https://www.eid.gov/todayinenergy/detail.php2id=4890
“West Coast Transportation Fuels Markets,” EIA, September 2015 (p. 4), https://www.eia.gov/analysis/fransportationfuels/paddS/pdf/transportation fuels.pdf
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U.S. Crude Oil Production 2016

8.88 Million Barrels per day

0.66 PADD 4, PADD 2: -8

4 :
MMbbig Rocky Vidwes: MMbbId ”“"",}:“;&

0 . England

PADD 1B:
Central
ﬁ Atlantic 3
R\
|~ Ot
3

N
';‘*H-\qoe

PADD 1:
East
Coast

n o0
' ‘ v MMbbld
ﬂn b PADD 1C:
Lower
k Atlantic
PADD 3:

PADD 5:
West Coast

1.02 MMbbld
(includes
Alaska)
Gulf Coast
5.47 _,
MMbbld eia)

rw’l



Barrels per year

U.S. Field Production of Crude Oil
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Offshore Oil and Gas Development Life Cycle

Explore & Lease Drill, Discover & Plan Development
Appraise

i«sioning Production HUC, Start Up & :
Decommissioning Operations Baroah & Fabricate & Install Design




Drilling Rig Types

i

i

L/

R




Deepwater Production Systems
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The U.S. has experienced a rapid increase in natural gas and oil production
from shale and other tight resources

U.S. tight oil production U.S. dry shale gas production

million barrels of oil per day billion cubic feet per day
mEagle Ford (TX) 50 mMarcellus (P2 & VW) 45
Bakken (MT & ND) 45 EHavnesville (LA & TX) 40
mSprabernry (TX & NM Permian) -
mBonespring (TX & NM P ermian) 40 mEagle Ford (TX] 35
EWolfcamp (TX & NM P ermian) ) mFayetteville (AR)
Delaware (TX 8 NM Permian) 35
Yeso-Glorieta (TX & NM Permian) mBamett (TX) 50
NiobraraC odell (CO, WY) 3.0 m\Woodford (OK) 5
mHaynesville 55
mUtica (OH, PA & WV) : Bakken (ND) 20
mMarcellus 20 mAntrim (M1 1N, & OR)
EWoodford (OK) . 15
Granite Wash (OK & TX) 15 mUtica (OH, PA &WV)
mAustin Chalk (LA & TX) 10 Rest of US 'shale’ 10
Monterey (CA) '
0.5 S
|_._ T T T T T e T = “| - -. T T T T UU [ ! I ! I ! I ! I ! I ! I ! I ! 0
Q 9’ I O Se) Q £ P 9 97 3 ) Q 9 D
\) ) N Q Q N N N N Q ) N Q N N N
SHEUE R S S S S S

Sources: EfA derived from stale administrative data collected by Drifinginfo inc Data are through May 2015 and represent
Eld's official to Rt oif & shale gas estimates, but are not survey data. State abbreviations indicate primary state(s).



Tight Oil and Gas Drilling Technologies

Hydraulic fracturing is a well completion
technology for the development of unconventional
resources, such as shale oil and natural gas that is
trapped in shale rock formations. It is used to
create a fracture network through which oil and
gas can migrate to the wellbore.

Horizontal drilling is a technique where the well is
drilled first vertically and then horizontally to and
info the formation.



Each well contains multiple layers of casing and cementing
to protect groundwater

Well design and construction has four main components:

Conductor casing (isolate shallow groundwater and surface sediments)

2. Surface casing (isolate groundwater aquifers)
3. Intermediate casing (isolate subsurface formations, protect from pressure)
4. Production casing (isolate production zone)

energy ™ equirements: set by state regulations and often exceeded
1 |



Well Prodgction Casing
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Understanding Fracturing Fluids

0.5%
CHEMICAL
ADDITIVES

ener

A M

Compound Purpose

Helps dissolve minerals
Acids and initiate fissure in
rock (pre-fracture)

Common application

Allows a delayed

Sodium Chloride breakdown of the gel
polymer chains
Pol tamide Minimizes the friction Water treatment, soil

between fluid and pipe

Prevents scale deposits

Ethylene Glycol in the pipe

Maintains fluid viscosity

Borate Salts as temperature increases

soap, cosmetics

Sodium,/Potassium Maintains effectiveness
of other components,

Washing soda, detergent,
soap, water softener,

conditioner

Automotive anti-freeze,
deicing agent, household
cleaners

Laundry detergent, hand

Swimming pool cleaner
Table salt

of medical and dental -
equipment A m
Thickener in cosmetics,

baked goods, ice cream,

toothpaste, sauces r=

—

Carbonate such as crosslinkers glass, ceramics
oz . Disinfectant, sterilization
Eliminates bacteria in J
Glutaraldshyde the water
Guar Gum Thickens the water to
suspend the sand
Citri Prevents precipitation of  Food additive; food and
c Ackd metal oxides beverages; lemon juice
Used to increase the Glass cleaner,
Isopropanol viscosity of the fracture
fluid

antiperspirant, hair l
coloring LD’
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AMERICAN PETROLEUM INSTITUTE



https://youtu.be/7ZuCY2O6VWM
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What is Crude Qil?

Not a single compound, but a mixture of thousands of
compounds

Naturally occurring

Wide boiling range

Mostly hydrocarbons (compounds with carbon and
hydrogen) but fraces of other elements are present

Classified by density (light, heavy) and sulfur content
(sweet, sour)

_ Element | W%
Carbon 84-87
Hydrogen 11-14
Sulfur 0-5
Nitrogen 0-0.2

"PI Other Elements 0-0.1



Natural Product Yields for Varying Crude Oills

w

Yolume % Yield

20 1

Utica Eagle Ford WTI Maya Basrah Hvy Zuata Med Lloydminster
Bitumen

B Yac Resid M Gas0ils MW Diesel MWEKerosene MHeavy Maphtha BLight Naphtha BLPG

Source: Marathon Crude
Assay Data



Why Refineries are Important
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Crude Oil Composition vs. Product Demand

Crude Ol

0
*

12

Demand

 Asphalt

1 Fuel Ol
Diesel

B Kerosene

1 Gasoline



Examples of Crude OIl Properties/Yields

Crude Type

Sweet Crude
(WTI, LLS)

Medium Sour Crude
(Poseidon, Mars)

Heavy Sour Crude
(Maya, Cold Lake)

Source: EIA

Properties

>34 API Gravity
<0.7% Sulfur
Most Expensive

24-34 AP| Gravity
0.7-2.0% Sulfur
Less Expensive

<24 AP| Gravity
>2.0% Sulfur
Least Expensive

14%

T

cal Refinery Production

Propane
0
4% Butane

Gasoline
Regular

49% Premium
RFG

Naphtha

Distillates

Diesel
35% JetFuel

Kerosene

Asphalt

12% Heavy Fuel Oil
Coke




REFINING 101

Crude Distillation Unit

Boiling Streams
—lp < 85°F Butanes and Lighter
===l 85°F - 185°F Light Straight Run Naphtha

(Gasoline blending)

Crude 0il

»

>185°F - 350°F Heavy Straight Run Naphtha
(Further processing to gasoline)

>350°F - 450°F Kerosene, Jet Fuel

>450°F - 650°F Diesel, Heating Oil

>650°F Atmospheric Tower Residual Fuels
Bottoms and Streams
Heavy Bottoms - Vacuum Gas Oil for Upgrading
(High Boiling Point) - Vacuum Tower Bottoms _|  to Products

ene&@"ﬂtm — March 2015



Gasoline Production Processes

Gasoline

Blending Contribution to
Process Stream Gasoline Pool*
Cat Cracking Cat Naphtha 43%
Catalyfic Reforming ReformateA 31%
Alkylation AlkylateA 14%
Isomerization Isomerate 4%
Straight Run LSR 4%
Hydrocracking Hydrocrackat 3%

e
Other 1%

*Industry Data - Excludes Butane, MTBE & Ethanol

AHigher Octane Gasoline Blending Components
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OSHA Example of “Omni”-Refinery

—_—— Folymenetion —— —  — == Fuslgazes
1 fedd[9] s T T T T == Liquificd
Crude ail [0] s $=| GazrFLanT __[:._.___ FOLYMERIZATION  Polymeriztion petraleum gas [LPGE]
naphtha [10]
I EFARATIO ' —|__In-Bul::m-: 12 Aviation
T HYDRODESULFUR- A% _i [ kylaticn —o-Butone (12] —[= gasoline
' Feed [11] Alkplate 13
— DEsaLTIHG Tiaht crude ail e L — Mate [0,
dizitillate [2] hm_l . lze-naphtah (140 | SRE 0
i " Light ZF: naphtha [5] [(FOMEREATEY Lt =R naphtha [3] EF'-'-'EETEHIH']E Autamotive
3 E | — | TREATIHG gasoline
1) L= —1 AHD
Heavy EF na hl;ha[ HYDRODESULFL- CATALYTIC Fefromate [15
. E hHIEﬁTIDHFTHEﬁTIHG L FEFOFRMIMG ]h' ELEHDIHE
ATHOSFHERIC — ] Lt hydrocracked
DISTILLATION .ﬂll. [ naphtha [15] Eovenks
R kerogene [S) Lt cat cracked -
(5] _;;..I naphtha [22]
SR Middle diztillate ) [caracre 1
Diezalted - Hﬂ:-n-:-cn.:.m::mvs - HOE by naphtha (44 L fu
; ek Fuels
crude ail [1] I F|H5.ldn:-d-:-'ulfu-|_ ER kerozene [S] CETILLATE
L I rizationfMreating SR mid distillate [6] SWEETEHIHG Kerozenes
. — - —== L | =
=R Gaz aill [T I h TREATIHG Salvents
L } = . AHD -
- HOE mid distillat: [E-.ﬁ.]' ELEMDIHG Di=tillake
Fuel wilz
———— Lt vacuum diztiliate (T3] | caravme || TR cracked distillate (24] Diissel Fucl
[ | CRACHING || | cil=
VECLLM Hey wacuum diztillake [20]
DIZTILLATION |Hvy wacuum distillate|[20] | - . g
L | - Hey cat cracked distillake [EE]-.
- | |
Armaspheric LE._LI: thermal eracked distillate [S0)[Gaz oil] Elal:_'::_r?jckgﬁ:g? RECIDhmL
s — — — — — f — — clarified oi v .
residus (] fieereres [ — _+ j‘ ™ clEnDinG Tt']'d'-’,“-f_l
ezidue - e e A=| COEING | YIZEREAKING uel iz
[51] Thermally cracked
& cphalt T | residue 51
= a
T ' F “Wacuum residuc [21]
Bl OROTREATING Atmospheric tower rezidus [5)
. - = HyDEo- Lubricant=
Faffinate [5 SOLYEHT Devenxed oil -
Lube Feedstack (20 E:'?TLH”EE}IDH | DEWARING [Faffinate] THE::IEHG Greases
- Dreailed wax ™| ELenDinG waxes

Sgurce OSHA Technical Manual Section IV Chapter 2




Large U.S. Refinery

— Natural Gasoline / LSR

Butane
Preflash ﬂ

Natural Gasoline

Stripper
l.
Light L \
Naphtha T / Blendgrader.
- 3 | > - Penex
l ’ Premium
~» To GDU
. o | Gasoline
N“"::Z f i . - \ ’ ' [ Blending REBOB
ikl Hydro- Reforming | sulfolane <
treati f |
‘~ = — : pBos
¥ C:"\;d_- Kerosena
Distillation 4 T ———
Se— | Benzane
) Merox Jet i | Z
Distillate s ) Treater letFuel
Hydro- } |
. treating ) s S fJ
{
AGO ULSK
| Distillate
Blending ULsD
LCO ) P s
Varcuom VGO t . FocLd ]
Distillation A -\ | Alkylation p — LFG
LI Propylene N

.‘ Hydro-

Resid (- | | | treating
> i St e ;

Light Naphtha

Petroleurmn Coka




Mid-Size U.S. Refinery

Pentanes
( Butane
, | Depentanizer v
e ————————
Naphtha = Hydro- Blendgrade q
treating
( — | Gasoline
.| Reforming Blending =T .
1 >
‘\-
Crude ‘
Distillation Kerosene Hydro- —
treating -
<
Diesel
Hydro- Diztillate ULSK
- Blending
~  treating
uLsD
3 W .
( \_ Propylene
Hydro- FCcu 4 . LPG
' treating = = >
Vacuum N aseaiis et bt
Distillation
Alkylation
Isobutanej No. 6 Oil
Heavy Roofing Flux
> Qil >
f Blending it

Petroleum Coke

-



Small U.S. Refinery

Butane
———————_ Natural Gasoline
Light Naphtha
Blendgrade
Gasoline ¢
Blending
Crude Heavy Naphtha Reforming . BTX RBOB
Distillation Extraction
Raffinate

Heavy Naphtha
Benzene / Toluene / Xylene

Sour Kerosene
Sour Distillate

Propylene

{ LPG
} . h— »
_ .
Reduced Crude FCCU Ly Alkylation LCO
&

Isobutane

Sweet Gas Qil



Hitting the Targets

ASTM Specitications
— D4814 - Gasoline
— D975 - Diesel
— D396 — Home Heating Ol
— D3699 - Kerosene
— D1655 — Aviation Turbine
— D22¢9¢ -- ofther

NIST Handbook 130 Model Regulations

Federal Regulations
— USEPA
= RIE

State/Local Requirements & Regulations

Pipeline Specifications

{)/W’J‘E'cilividual Customer and Marketing Requirements




Fuel Can Change: Historical Precedent

Effective dates

1974
1979
1989
1991
1992
1993
1995
1996
2000
2002
2004
2006
2006
2006
2006
2007
2010
2010
2011
2012
2017

rce: U.S. Department of

rgy

Unleaded Gasoline

E10 Ethanol Subsim Waiver

Phase 1 Gasoline Summer RVP Limits

Phase 2 Gasoline Summer RVP Limits (including 1-psi E10 waiver)
Winter Oxyfuels Program (39 cities)

Highway diesel fuel sulfur control (500 ppm)
Phase 1 RFG and Anti-dumping

Full prohibition on lead

Phase 2 RFG

Mobil Source Air Toxics (MSAT1)

Tier 2 Gasoline Sulfur Control (30 ppm avg, 80 cap)
Renewable Fuels Standard

Removal of RFG Oxy Mandate

Ultra Low Sulfur Highway Diesel Fuel (15 ppm)
Boutique Fuels List

Renewable Fuel Standard (RFS)

Ultra Low Sulfur Nonroad Diesel Fuel (15 ppm)
Renewable Fuel Standard 2 (RFS2)

MSAT2 - Gasoline Benzene

E15 Subsim Waiver

Tier 3 Gasoline Sulfur Control (10 ppm avg)
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Example Pipeline Specification

Product Acceptance Terms
Sampling Requirements
Reporting Cerfificate of Analysis
Workmanship
Additive Specifications
Gum Inhibitors and Metal Deactivators
Corrosion Inhibitors
Stability additives (diesel, fuel oil)
Cold Flow Additives
Dyes
Seasonal Volatility Classes (RVP, distillation, V/L, Driveability Index)
Schedule of Origin Volatility Requirements (15 grades alone on one pipeline)

https://www.magellanlp.com/uploadedFiles/Commercial Info Assets/Product Pipeline Specifications/Magellan%20Pipeline%20Product%
20Specifications.pdf

R
energy 35
nel



https://www.magellanlp.com/uploadedFiles/Commercial_Info_Assets/Product_Pipeline_Specifications/Magellan Pipeline Product Specifications.pdf
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Terminal Product Quality

About 1,300 Terminals
Terminals through complex system management
— About 60 Billion gallons of distillate consumed

— More than140 Billion gallons of gasoline consumed

API RP 1640, Product Quality in Light Product Storage
and Handling Operations, 2013

Multiple studies on importance of housekeeping at
terminals and retail

— Water and Microbial Activity Responsible for
Corrosion and Particulate

— Good Housekeeping Greatly Reduces These
Concerns

Terminal standards must be met at all fimes

37



Terminal Operations, RP 1640

API 1640, Product Quality in Light Product Storage and
Handling Operations, Published 2013

Scope: This RP is intended to provide guidance on
the minimum equipment standards and operating
procedures for the receipt, storage, blending of light
products, including but not limited to gasoline,
kerosene, diesel, heating oil and their blend
components (i.e. ethanol, biodiesel, and butane) at
distribution and storage terminals, as well as light
product shipments directly via a pipeline, marine
vessel (barge or ship) or road and rail transport.

38

gl



RP 1640, Product Quality Management

Terminals are complex facilities operated by experts
receiving 10s of 1000s of barrels at a time

— Health, Safety, Security and Environment
— Quality Assurance

— Tankage, product receipt, pipework
management, loading, unloading, filtfration

— Planned maintenance, inspection, and fesfing
— Strainers and filtration

— Sampling and testing (throughout distribution
system)

— Product segregation, inventory variations, seftling,
post-receipt tank testing, product release,
oversight testing -



RP 1640, Product Quality Management

Terminals are complex facilities (Continued)

— Receipts from pipelines, ocean/inland tankers,
rail/truck

— Interface transmix from pipeline

— Storage of diesel, biodiesel, ethanol, gasoline, water
management

— Product blending, Product delivery from running
tanks, product transfer

— Product grade changes
— Additives, dyes, markers

40



Terminal Fuel Quality

Product flows at 300-500 gallons/minute of
flammable/combustible product over rack

Clean product (no water, parficulate, microbes etc.)
needed to ensure proper operation of equipment

— Prevents plugged filters

— Ensures accurate meters

— No erosion of valves and piping
— Proper valve operation

41



Delivery

« Product is delivered in 8,800 gallon increments

* Trucks -4 or 5§ compartment

* Fueling arm, vapor recovery, overfill protection devices
* Product delivered to station

* Meters proven at terminal



Station

« EPA Office of Underground Storage Tanks requires
equipment compatible with fuel stored

 Must be able to demonstrate compatibility

» State rules must be no less stringent than Federal rules
« More than 150,000 stations nationwide

* More than 60% are owned by single store owners

« 95% are owned by a non-refiner

* Meters prove at station

* Product delivered to consumer



2017 Hurricanes

Hurricane/Tropical Storm Harvey (August 25)
« Category 4 lands at Corpus Chrisfi
* Dumps 20-50 inches of rain on Houston

[
Hurricane HARVEY

Hurricane Irma (September 10)

« Category 3

« Shuts down port of entry which supplies fuel to
Florida

Hurricane Irma Storm Location &  Five-day chance of receiving sustained 34 knot (39+ mph) winds
Sun. Sep. 10,2017 11 am EDT Wind §) (knots) 5 T
O34 §3463

Advisory 46 ©:64 5 10 20 30 40 50 60 70 80 % 100%
L

Hurricane Maria (September 20)

« Puerto Rico - nearly 100% without electricity
* Many ports closed or restricted use

« Limited electricity distribution in U.S. Virgin Islands

energ y’-H

Hurricane Maria Storm Location & Five-day chance of receiving sustained 34+ knol (39+ mph) winds

Sun. Sep. 24, 2017 11am EDT WindSpeea(oots) | e —
Advisory 34 04 G363 @264 5 10 20 %, 40 50 6 70 80 %0 100%
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https://www.magellanlp.com/uploadedFiles/Commercial_Info_Assets/Product_Pipeline_Specifications/Magellan Pipeline Product Specifications.pdf
https://www.magellanlp.com/uploadedFiles/Commercial_Info_Assets/Product_Pipeline_Specifications/Magellan Pipeline Product Specifications.pdf
https://www.magellanlp.com/uploadedFiles/Commercial_Info_Assets/Product_Pipeline_Specifications/Magellan Pipeline Product Specifications.pdf
https://www.magellanlp.com/uploadedFiles/Commercial_Info_Assets/Product_Pipeline_Specifications/Magellan Pipeline Product Specifications.pdf
https://www.magellanlp.com/uploadedFiles/Commercial_Info_Assets/Product_Pipeline_Specifications/Magellan Pipeline Product Specifications.pdf
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Hurricane/TS Harvey

August 26 (Sit Rep 6)
o 428,568 b/d (24.49%) of the oil production in Gulf of Mexico shut in

« All 6 Corpus Christi Refineries shut down -- combined capacity of
924,720 b/d, equal to 18.4% of total Gulf Coast refining capacity

August 30 (Sit Rep 9)

« All 6 Corpus Christi refineries, 7 in the Houston/Galveston area, and
2 refineries in the Beaumont/Port Arthur area -- combined
capacity of 3,871,449 b/d, equal to 39.9% of total Gulf Coast
(PADD 3) refining capacity and 20.9% of total U.S. refining
capacity.

September 24 (Sit Rep 45)

« 3 refineries in the Gulf Coast region were shut down combined

refining capacity of 372,000 b/d, equal to 3.8% of total Gulf Coast
(PADD 3) refining capacity and 2.0% of total U.S. refining capacity.
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Pipelines and Waivers

Pipelines must have products fo move
Waivers granted inifially in Texas, Louisiana

Aug 31, EPA grants for PADD 1 and PADD 3 (38 waiver
RltISBEIEREE RV E

Hours of Service Waivers
IRS Dyed Diesel waivers

No action waivers (Roof landings, Vapor recovery, Truck
tightness test)
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Motor Oil and Transmission Fluid

 Motor oil and transmission fluid combination of base oill
from refinery and additive (finished oil)

« APl standard-setter for motor oil for last 70 years

* |n 194/, "Regular,” “"Premium,” and "Heavy Duty”

 Thenin 1952, MS, MM, ML for gasoline oils and DS, DM, DG for
diesel oils

« Since 1970, S, C, and now F categories

* APl licensing infroduced in mid 1980’s for Service
Symbol Donut and early 1990’s for Certification Mark

 Today, more than 700 licensed oil marketers in almost
60 couniries offering more than 14,000 licensed brands
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