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DEFINITIONS AND CAUTIONARY NOTE

-Resources: Our use of the term “resources” in this announcement includes quantities of oil and gas not yet classified as Securities and Exchange Commission of the
United States ("SEC") proved oil and gas reserves or SEC proven mining reserves. Resources are consistent with the Society of Petroleum Engineers 2P and 2C
definitions.

-The companies in which Royal Dutch Shell plc directly and indirectly owns investments are separate entities. In this announcement "Shell", "Shell Group" and "Royal
Dutch Shell" are sometimes used for convenience where references are made to Royal Dutch Shell plc and its subsidiaries in general. Likewise, the words "we", "us"
and "our" are also used to refer to subsidiaries in general or to those who work for them. These expressions are also used where no useful purpose is served by
identifying the particular company or companies. "Subsidiaries", "Shell subsidiaries" and "Shell companies" as used in this announcement refer to companies in which
Shell either directly or indirectly has control, by having either a majority of the voting rights or the right to exercise a controlling influence. The companies in which Shell
has significant influence but not control are referred to as "associated companies" or "associates" and companies in which Shell has joint control are referred to as
"jointly controlled entities". In this announcement, associates and jointly controlled entities are also referred to as "equity-accounted investments". The term "Shell
interest" is used for convenience to indicate the direct and/or indirect (for example, through our 23 per cent. shareholding in Woodside Petroleum Ltd.) ownership
interest held by Shell in a venture, partnership or company, after exclusion of all third-party interest.

-This announcement contains forward looking statements concerning the financial condition, results of operations and businesses of Shell and the Shell Group. All
statements other than statements of historical fact are, or may be deemed to be, forward-looking statements. Forward-looking statements are statements of future
expectations that are based on management's current expectations and assumptions and involve known and unknown risks and uncertainties that could cause actual
results, performance or events to differ materially from those expressed or implied in these statements. Forward-looking statements include, among other things,
statements concerning the potential exposure of Shell and the Shell Group to market risks and statements expressing management’s expectations, beliefs, estimates,
forecasts, projections and assumptions. These forward looking statements are identified by their use of terms and phrases such as "anticipate", "believe", "could",
"estimate", "expect", "goals", "intend", "may", "objectives", "outlook", "plan”, "probably”, "project", "risks", "seek", "should", "target", "will" and similar terms and phrases.
There are a number of factors that could affect the future operations of Shell and the Shell Group and could cause those results to differ materially from those
expressed in the forward looking statements included in this announcement, including (without limitation): (a) price fluctuations in crude oil and natural gas; (b) changes
in demand for Shell's products; (c) currency fluctuations; (d) drilling and production results; (e) reserves estimates; (f) loss of market share and industry competition; (g)
environmental and physical risks; (h) risks associated with the identification of suitable potential acquisition properties and targets, and successful negotiation and
completion of such transactions; (i) the risk of doing business in developing countries and countries subject to international sanctions; (j) legislative, fiscal and regulatory
developments including regulatory measures addressing climate change; (k) economic and financial market conditions in various countries and regions; (1) political
risks, including the risks of expropriation and renegotiation of the terms of contracts with governmental entities, delays or advancements in the approval of projects and
delays in the reimbursement for shared costs; and (m) changes in trading conditions. All forward looking statements contained in this announcement are expressly
qualified in their entirety by the cautionary statements contained or referred to in this section. Readers should not place undue reliance on forward looking statements.
Additional factors that may affect future results are contained in Shell's 20-F for the year ended 31 December 2011 (available at www.shell.com/investor and
www.sec.gov ). These factors also should be considered by the reader. Each forward looking statement speaks only as of the date of this announcement, 11
September 2012. Neither Shell nor any of its subsidiaries nor the Shell Group undertake any obligation to publicly update or revise any forward looking statement as a
result of new information, future events or other information. In light of these risks, results could differ materially from those stated, implied or inferred from the forward
looking statements contained in this announcement.

-Shell may have used certain terms, such as resources, in this announcement that the SEC strictly prohibits Shell from including in its filings with the SEC. U.S.
investors are urged to consider closely the disclosure in Shell's Form 20-F, File No 1-32575, available on the SEC website www.sec.gov. You can also obtain these
forms from the SEC by calling 1-800-SEC-0330.
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Description of Norco’s SRU+SCOT lineups

m Utility Buffer system - dedicated systems at each SCOT
m Switch from anhydrous to agueous buffer

m Norco’'s SRU header system

m Upsides and Downsides of feed-linked SRUs

m 2011 Quench Plugging event

m 2012 S-3 SCOT Foaming Event
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OVERVIEW OF NORCO'’S SRU’S
2 SRU+SCOT Trains

r DEA AG to 53
. —
eeeeeeeeee R o S-2 Claus System
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Claus RXR o AUX #2 Air
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S-3 Claus
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m S-3is newer train (ca early 1990’s) m S-2 is older train

m 2-zone, ammonia-destroying T.R. m 2-zone, ammonia-destroying T.R.
m 2 stages, steam reheat, upsized m 3 stages, AG or NG fired reheat,
WHB (hi P steam) small WHB (med P steam)
m Pancake SCOT reactor, quench + m Radial SCOT reactor, quench +
MDEA system MDEA system
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m Original system was
m Single source (storage)
m Anhydrous ammonia vapor
m Feeding multiple uses inside the refinery (not just SCOT)
m Comprised 6500 ft of pipe
m Header managed by the Utilities group

m Ammonia delivered in truck quantities
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OLD SCOT BUFFER SYSTEM

m Over the years

m Other refinery users went away

H2
m Keeping the NH3 pressurized and
ready at need, for the rare demand in ] ovencr
the SCOT units s
m Meant dead legs throughout the refinery | -~
m Created an inspection headache < NH3
m Came with risk of a leak, in locations where Sr’f‘)‘?n
operator awareness was low (where NH3 oH Heade
was not consumed) | l
_ : :
m Simply — the system was overkill and i

was no longer the best way of meeting
the needs at the SCOT plants
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NEW SCOT BUFFER SYSTEM

m Project to replace the old system with a fit-for-purpose
system

m Agueous Ammonia chosen

m Ease of delivering buffer into the plant
m pumping a liquid vs. relying on flow from a low vapor pressure gas
m SRU/SCOT operator control of system

m Two identical systems, one at each SCOT

m Old injection points re-used — into circulation loop
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NEW SCOT BUFFER SYSTEM

m Lookback "
ookbac Quench pH and NH40H Addition
m Advantages " - .
g 4 minute pH excursion - 109
m Easily monitored injection rate £ 51 |5
m Localized footprint 7] 05 5
!l N ™=
6 - =
m Areas for Improvement 5 g B
5 ‘;‘\\% ] o
= Manual pump start = 4 [ \ 101 &
= S— | ‘\\ . =
g 3 = | g9 O
= 2
- 97
1
0 : 95
- = NHAOH flow & QLIeTl'CthH -=‘~_'Cll.|encHhDHT:3_r'np
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NORCO’S SRU-SCOT / ACID GAS HEADER

HCU
. Mostly H2S
onT | S-2Amine y . ‘ 59 | s2
Coker Regenerator \ q Claus SCOT
Fuel Gas
) SWS
< Olefins
DU RGHT 1
Alky R
NHT S-3 Amine ’q -3 | S5-3
Regenerator > Claus SCOT
CCU Sour CO2 +H2S
|deally:

Both SRU'’s are operating, and each SRU consumes its own acid gas source
SWS gas can feed either, or both, SRU’s at need
Olefins acid gas can feed either SRU at need, but preferentially goes to S-3 SRU
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ACID GAS HEADER

m Both a blessing and a curse

m Upsides are widely recognized: Flexibility & Reliability
m SRU’s readily spare each other
m Load shift between SRU’s is rapid

m Shifting load is easier than by shifting rich amine - less chance
of a product impact due to regenerator upset

m One SRU can run on flow control (easy); the other on pressure
control (noisier)

m ‘Packing’ of acid gas header gives operators a bit of time to
react before triggering sulfur shedding

Copyright of Shell International Exploration and September 2012 12
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EXAMPLE OF COMMON HEADER PACKING

S-2 SRU stops taking acid
gas

Both ARU’s still producing
normal load

Header pressure rises to
store acid gas without
flaring

S-3 SRU begins to take
more acid gas feed to
stabilize header

Copyright of Shell International Exploration and
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Common Header Pressure during SRU
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ACID GAS HEADER

m Downsides
m Events Propagate (at least, in our system)
m Upsets in one ARU can hit BOTH SRU’s
m Load shifting comes with variation in conditions in the SRU’s
m SRU’s don't like variable feeds

m If load shifts quickly, it can trigger upsets

m Complexity — too many flow meters that don’t agree

m |t can be a struggle to close material balances, e.g. reconcile AG rates
versus Sulfur Production

Copyright of Shell International Exploration and September 2012
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ACID GAS HEADER - FEED COMPOSITION

S-2 Acid Gas CO2 Concentration

Acid Gas concentration varies when
load shifts between SRU'’s

Bow
o » o

m Effect on Thermal Reactor

MW W e
[=] w
-

Acid Gas CO2 Concentration, % mole

temperature for NH3 destruction : 1 : :
oY el ooy dE
m Effect of load on SCOT (CO2 in tail N NG o 1 F S LIRS XY
10 vt 3"%&&4’*3& . i
gas) 5 | RS
0
m Rapid changes challenge Air Demand g &8 €& § § § g8 8 &
3 8 S 3 3 S 3 pa ]
control

12/2008

m Feed forward based on flow

m Feedback responds to Composition - 2004 - 2008 reconciliation of Pit sulfur
production and acid gas
changes

_ o - Can be very large variation in Acid Gas
m Rapid composition change can put concentration when load shifts

air demand out of balance
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m DHT event; stratified tank, huge increase in sulfur load

m Acid gas from S2 to S3 dramatically increases
m Air demand challenges

m Loss of S3 tail gas ratio control

m Quench pH impact

m Quench loop plugging

m pH Buffer system saves the day

‘Copyright of Shell International Exploration and
Production, Inc
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ACID GAS CHANGE FORCES SRU RE-BALANCING

S-2 ARU Acid gas increases,
sends gas to pressure
controlled S-2 SRU

S-3 SRU manually accepts
more acid gas through header

High H2S in S-3 SRU tail gas
IS beginning of air demand
swings

Several hours of upset through
S-3 SRU train even with

decreased acid gas load on
unit

Copyright of Shell International Exploration and
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Acid gas flows, MSCFH

S-3 Tail Gas Upset due to Acid Gas Load Shift

8/26/115:16

8/26/11 5:45 -
8/26/11 6:14
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8/26/117:12
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T
[Eny

=52 ARU gas =—=S2 SRU feed ===S3 SRU feed =53 tail gas H2S %

S3 Tail Gas H2S, wt %
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4.

ACID GAS RATE INCREASES, AIR DEMAND

CHALLENGED

Acid Gas Rate to S3 jumps
15%

Air-long: H2 in quench ovhd
drops (make less, consume
more)

Tail gas analyzer fails — VERY
air long

m Lots of SO2

m  No H2 leaving quench

Air demand in Manual

m Lots of H2S

H2 analyzer not working

u CopyrigMéL%i mtgnahjlng Exmgltl](-}ngrgnsumlng It

Produc'Bn, Inc

ut don't see it

Tail Gas Analyzer Abnormality & Events
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1.

2.

3.

Air-long

Quench pH
[ ] LOTS of SO2 107 8/26/2011 8:12 E_j { i8/26/20119:28 | 2
9 8/26/20118:31 8/26/20119:57 | 1.8
m  Not making much (any?) H2 8 L { 16
7 1.4
m  SO2 slips into quench z6 12 3
g s 1 9
Quench pH falls & 4 08
3 - 0.6
Air put in Manual — Air Short : 04
1 0.2
m  Excess SO2 eliminated o - — - - Lo
m  H2 restored (analyzer offline) g & § &2 § § 3z ¢z
= Quench pH does not recover T hoH —micanss —miemsor & ®
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QUENCH DP

Low pH quench (saturated with Quench DP rises when sulfur fouls
SOZ) Quench DP
4 T 2
8/26/2011 8:12 i ig/26/ :
u Not much H2 make 25 | 8/26/20118:31 i E ; 83;226&22%111199@ 18
= Very little H2S ; | 1 Lo
L4
= Alittle bit of DP build in Quench| %25 o® 12 %
o E1.5 | 08 3
Air in Manual — Huge amount of | ° HONN T 05
H2S into the quench o A@ o
E 5 0.2
Quench plugs rapidly after 0 - - - ™ SR . _0
SO2 w/o H2 - no reaction = § § § & E§ @ @
SO2 w/o H2S = no reaction = 5 5 5 5 5 & &
——Quench DP  —Tail Gas H2S —Tail Gas 502
H2S + SO2 - Sulfur
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DURING THE PLUG EVENT

pH begins to drop

. High pH reverses Quench DP: restores flow
Filters plug, bypassed 9np Q

Slow increase in DP, accelerates Quench Plugging Event

i 10 - 500
as filters bypassed 9 ~x
Sudden jump in DP 8 - ® - ao0 &

7T - 5 HaoH (& - 350 §
= Quench level lost S N\ e @ p“ﬁ-—h—q 00 &
- é 5 \(f) s —> [ 250 E‘;
o4 L 200 &
. ) £ pH Q) =
m pH & buffer inject — circ loop a 3 — b S50
T T o =
. a2 Level ® _—~— 5 [ 100 g
Agueous Ammonia flow on g = 0 &
. él’ 0 - -  —— w_m ! — Lo 9
Agueous Ammonia flow off s g8 ¥ 5 8 3% 3 g
Quench DP recovers s &8 & & & E § &
QuenCh Level and C|rC recover —Quench pH —Aqua Ammonia Flowrate QuenchaBP —Qfgnch Circa\—Quench level
m pH meter gets feed again
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LEARNING FROM THE EVENT, #1

m SRU’s don’t respond well to rapid changes in feed rate or
composition (as is well recognized)

m With the header in place, both SRU’s are subject to common
modes of upset

m H2 is needed to convert SO2 over the tail gas catalyst; in this
upset event, the native level of H2 wasn’t enough to react away all
the SO2

m Plugging of the quench was in progress, before the H2S spike in
the tail gas occurred. The spike in tail gas H2S meant a lot of
SO2 in the quench together with a lot of H2S = a lot of potential to
make sulfur

Copyright of Shell International Exploration and September 2012 22
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LEARNING FROM THE EVENT, #2

m Buffer injection into the quench circulation loop doesn’t help if the
guench is plugged (can’t circulate NH3)

m pH measurement in the quench circulation loop doesn’t help if the
guench is plugged (can’t circulate sample loop)

m Buffer can minimize (partially reverse) sulfur plugging in the
guench

m Agueous ammonia vs. anhydrous

m can get Aqueous ammonia to flow into column (via its own
pump) even when guench circulation stops

m Anhydrous needs help --- dissolves at point of injection, needs a
carrier

Copyright of Shell International Exploration and September 2012 23
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LEADING UP TO THE EVENT

m S-3 SRU+SCOT processes sour CO2 and a poor quality Olefins
acid gas

m S-3 SCOT has a history of foaminess, compared to S-2 SCOT

m Operators have learned that amine strength >50%wt calms the
system down

m Immediately before event, operators begin removing solvent to
send batch to offsite reclaiming because of heat stable salts

Copyright of Shell International Exploration and September 2012
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m Absorber DP began increasing — but not

Acid Gas Rate and SO2 in the Incinerator Stack

Acid Gas Rate increase coincides with increased SO2 ién the stack L 140
. 1% i
very erratic 5
120 &
=
- - - - E
m Acid Gas Rate began increasing g 100 &
= <
. . . g 80 ;15
m SO2 in Incinerator Stack increases & 5
& 60 &
2 £
¥ ()
m Increased recycle lowers T.R. < -
~
=]
Temperature 20 7
. . . . -1 : : 0
= unit increasingly vulnerable to upsets; & 8 8 8 8 g s
1 ) H
less ‘surge’ capacity
- Acid Gas Rate - SO2in Incin Stack
Acid Gas Rate and Absorber DP Acid Gas Rate and Thermal Reactor T
3 2320
Acid Gas Rate increase coincides with increased absorber DP Acid Gas Rate increase coincides with decreased T in Thermal Reactor
- 25 h - 2300
* w
g
3
E i - § - 2280 &
z & |z 5 . g
£ M 2 g LAy 2
5 1.5 E 5 - 2260
= a - e«
'S F1 'S Operators shift DEA AG to Zone 2 2240 §
< < to stabilize Zone 1 Temperature g
=]
0.5 - 2220
T T T T T T T T 0 T T T T T 2200
{¥=3 [f=] ~ ~ =] 60 [=2] a [=] [=] — — “w ~ (=] [=2] (=] = —
ind ~ ~ o~ o~ o~ ~ o~ m m m m o~ o~ ~ ~ om m ~~
- - - - - - - - - = - - - - - - - - =
- Acid Gas Rate - Absorber DP - Acid Gas Rate - Temperature of Zone 1, F
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INTERVENTION: NORCO'S FOAM FIGHTING

TACTICS

m Change Pressure

m Change Flow

m Change Temperature/water concentration

Shock

No
~ Effect

Add/Water/Escalate

m Add: Amine, orl&ntifoam,

or Activated Carbon

m Water reject (heavy purge of reflux)

m Escalate (troubleshooting assist; aggressive reclaim or solvent
replacement; evaluate plant features, etc)

Copyright of Shell International Exploration and
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Intervention: Antifoam

Absorber DP, psi
e NoONN
[5)] [#.4] M [\ ™ [53]

-
S

-

3

Antifoam Shot

:00

112 -
36
48 -
12

3/3012
3/3013
3/3014:24
3/3015

+ 3/3016
3/3018:00
3/3019

Absorber DP

36

3/3020:24 -
3/3021
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LONGER-TERM ACTIONS

Intervention: Longterm
Antifoam -
I
24 ] b —t
Lean Amine Cooler Cleaned A %
X
/ = =
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| S >
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- — 2 - E o
v L
o g -~
- )
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o g s
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5 L 5 =
216 S °
<t —
DP step change when g 5
1.4 - Lean Temperature decreases 3 =
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12 | . E o
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famsmsmamns -
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——Absorber DP —Tank Level Acid Gas Flowrate
—Lean Solvent Temperature —MDEA, %wt
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WHY DID THE ACID GAS RATE INCREASE?

m Isitreal? (Yes — many points of evidence)

m A number of theories proposed:

1. The SCOT unit experienced+Hrereastgacid-gast-thefeed to

the absorber, possibly due to changes in feed gas to the SRU or
due to decreased sulfur recovery in the SRU

\/ 2. The acid gas content of the absorber inlet was normal, but the
SCOT absorber lost selectivity — and started acting as a CO2-
pickup device. An especially-concerning subtheory during the
event was that the SCOT absorber dP increase might be due to

\/ tray fouling, which might require a shutdown to remedy

3. The SCOT absorber was entraining feed gas with the rich
amine
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m Clues from laboratory foam
tests

—> something builds up

in the solvent

m Clue from swapping load in the
header + laboratory foam tests

- S-2 started to show foaming
when processing S-3’s feeds

Copyright of Shell International Exploration and
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BELIEFS AND BARRIERS VERSUS OBSERVATION

m Beliefs

m Tail Gas Treaters are CLEANEST amine service. Some believe:
because the process doesn’t see liquid hydrocarbons, foaming
IS not a serious concern

m Barriers: Acid Gas through to the SCOT Absorber

» Generously knocked out
» Combusted at high temperature

» Flow through more than one bed of high-surface area material (alumina
catalyst)

> Repeatedly sulfur washed (ie, in sulfur condensers)
> Hydrotreated

» Water washed (in the quench)

m Yet foaming happens in S-3 SCOT

Copyright of Shell International Exploration and September 2012 32
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LEARNING FROM THIS EVENT

Specific to this unit

m Low amine strength in this SCOT unit increases its tendency to
foam.

m When doing an online solvent replacement in this unit, do it in
smaller steps — in order to keep the amine strength up. Doing so
will ‘throw some baby out with the bathwater’ but it will minimize
the risk of increased foaming.

m Norco’s foam-fighting tactics worked. In this case, antifoam,
addition of amine.

m Longer term, Norco can use the carbon bed when the supplier
foam test starts to show increased foaming tendency.
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LEARNING FROM THIS EVENT

General Observations

m This experience shows that tail gas treating units can be
susceptible to foaming

m When DP builds in tail gas treating absorber, loss of selectivity
can occur

m A clue exists at Norco: the quality of the feed to the SRU may be a
factor in SCOT foaming despite the ‘barriers’ to pollution of the
amine unit

Copyright of Shell International Exploration and September 2012 34
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CONCLUSIONS

m Experiences with Norco’'s SRU+SCOT were shared that
showed

m How header-linked SRU'’s can react to flow/composition
changes

m Having SRU'’s so linked means that upsets can move
through the header

m How Norco’s SCOT unit responded during a header-
triggered process upset

m How Norco’s new aqueous ammonia buffer system allowed
the operators to reverse plugging of the quench during an
upset

m How foaming in Norco’s SCOT unit decreased selectivity
and increase recycle rate

Copyright of Shell International Exploration and September 2012
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