From: Sutlles, Doug J

Sent: Wed May 12 16:43:10 2010

To: Lynch, John E Jr. (Jack); Inglis, Andy G (UPSTREAM}
Subject: FW: Flow rate note?

importance: Normal

Atlachments: rate summary.doc; rate summary atlachments. pdf

FY]

Doug

Bous Sutles

Chiefl Operating Officer
Explorntion & Production

nBe

From:  Sultles, PDoug J

Senf:  Wednesday, May 19, 2010 11:42 AM

To:  Admiral Mary Landry (mary.e.landry@uscganil); Admiral Thad Allen (Thad W Allengiuscg.mil)
Ce; James A, Watson [V Games.avatsonGiusegmil); Admirat Neflenger (peter.vaneffenger@uscg. mil)
Suhject: FW: Flow rate note?

Admirai Allen and Admirai Landry,

Attached below is cur most recent work on flow rate cstimation. Don't hesitale to contact me if you would like fo
discuss.

Doug

Derag Swtkles

Chief Qperating Ofiiver

Fapleratien & Produaction

e

From:  Ramey, David

Sent:  Wednesday, May 19, 2010 1247 AM

To:  Suttles, Doug J

Subject: RE: Flow rate note?

<, p> <, B>

Apologics Doug - had to run for plane. Initial info was mecting 1.00 pnt Wed.. At 4:00 pm got word mig was 9:00 am!
Dave

From: Sottles, Doug J
Sent: Tuesday, May 18, 2010 11:43 P
Tor  Rainey, David |

Subject: Flow rate note?

ey ael

Exhibit No,

Worldwide Court
Reporters, Ine,

Doug Suiles
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Mississippi Canyon 252 #1
Flow Rate Calculations

Context

A 30 second video clip of hydrocarbons leaking from the broken end of the Deepwater Horizon drilling riser has been
released to the public. Various “experts” are challenging Unified Command’s best guess estimate of flow rate at the
seabed based on this video clip. This note summarizes the various estimates that have been made within Unified
Command.

Mass Balance

The mass balance calculation involves estimating, through visual inspection, the volume of oil on the surface of the water.
Allowances are then made for natural dispersion and evaporation. Estimates of volumes skimmed, burned, and
chemically dispersed then allow an estimate of the oil released at the seabed over the duration of the spill. The
calculation is repeated each day weather permitting.

In the early days of the spill, the surface expression of the spill was relatively small. Overflights were able to provide
fidelity with respect to the character of the oil on the surface. Three descriptors were used

e Sheen

o Dull

e Dark oil

There are two Standards for estimating the thickness of oil on water using visual descriptors.
e US-based ASTM Standard
¢ European-based Bonn Agreement

The visual descriptors are different in the two standards and the relationships to thickness are also different.
From April 27 through April 30 daily estimates of flow rate were made on the basis of visual description of the oil on the

surface. Three estimates were made each day - low, best guess, and high — to allow for differences between the two
standards, and uncertainties around the input parameters.
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¢ [ ow end was always around 1,000 barrels per day
o Best guess was between 5,000 and 6,000 barrels per day
¢ High end varied from 12,000 to 14,000 barrels per day

The tables associated with these estimates are attached (Attachments 1-4). These estimates played an important part in
Unified Command’s decision to raise the estimate of flow rate from 1,000 to 5,000 barrels per day.

During the storm which began on May 1, and for several days after, no visual description of the spill was obtained. From
May 8, daily outlines of the spill have been available based on a combination of satellite and aerial overflights. However,
because of the size of the spill area, overflights have been unable to provide fidelity on the visual appearance of the oil
within the spill area. During the five days in April for which fidelity was available, the ratios of dark oil to dull oil to sheen
remained relatively constant at 2/10/88. These ratios have been applied to the total area of spill on May 17. Current
estimates of volumes of oil skimmed, burned, and chemically dispersed were then applied to provide an updated range of
possible flow rates as foliows: 2,000 — 6,000 — 13,000 barrels per day (Attachment 5).

Note that all serious scientists recognize that there are huge uncertainties in estimating oil volumes from visual inspection.
Qil thickness is by far the greatest uncertainty, with both sheen and darker oil thicknesses varying by orders of magnitude.

Maximum Discharge Calculation
Prior to drilling the MC 252 exploration well a maximum discharge estimate was provided as part of the permitting
process. Predictions of reservoir thickness, quality, and pressure were convolved with the well design to develop a worse
case scenario as follows.

e Optimistic assumptions for reservoir thickness, quality, pressure, and fluid properties.

o Total loss of control of well after drilling through reservoir in largest hole size allowed by the well design — 12 14"

o Totally uncontrolled flow from drilling riser at surface.

Using these assumptions, a maximum case discharge of 162,000 barrels per day was estimated.

After the sinking of the Deepwater Horizon, this estimate was reviewed in the light of the actual situation as it was
understood at that time.
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Formation evaluation of the reservoir interval.

9 7/8” hole size in the reservoir

77 production tubing across the reservoir

Flow to seabed through casing annulus

Split 5 %" drill pipe at BOP and flow out 6 5/8” drill pipe

No restrictions in BOP, riser, or drill pipe (ie well head open to seabed — requires BOP to fall off well head)

An absolute worst case flow rate of 60,000 barrels per day was calculated. A more reasonable worst case scenario of
40,000 barrels per day recognizes the following.

e BOP is in place and may be partially activated.

¢ The riser and drill pipe is crushed and kinked.

¢ Restrictions provided by cement in the casing annulus, formation collapse, casing hangers, etc., are likely.

This analysis is summarized on Attachment 6.

A more sophisticated version of this calculation has been carried out as more has been learned about pressures at the top
and bottom of the well head. This review calculates unconstrained flow rate through the casing as well as up the annulus.
Absolute worst cases with wellhead and BOP removed, and no downhole restrictions, are as follows (Attachment 7).

¢ Annular flow — 55,000 barrels per day

¢ (Casing flow — 100, 000 barrels per day

Fluid Velocity At Seabed
On April 26, NOAA scientists made an estimate of volume release rate at the seabed as follows.
¢ Oil leaking from a hole approximately 40 cm in diameter (Deepwater Horizon riser is 19.5"/49.5 cm ID, and is
somewhat crimped at release point).
e By visual inspection the velocity of the material in the plume is between 7 and 30 cm per second.
¢ The plume contains roughly 50% oil droplets (together with gas bubbles and entrained seawater).

The NOAA estimate using these assumptions was roughly 5,000 barrels per day (Attachment 8).
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Evidence Against Extreme Flow Rates At Seabed

A Professor from Purdue University has calculated a current flow rate at the seabed of 70,000 +/- 14,000 barrels per day.
He bases his estimate on the velocity of fluid exiting the drilling riser on the seabed. His estimate is unlikely to allow for
the following additional factors required to estimate the flow of oil.

Drill pipe in riser reducing flow area

Partial crimping of riser end reducing flow area

Proportion of gas and entrained water exiting riser with the oil

Volume reduction of oil as gas escapes en route from seabed to surface
Flow rate not constant

Finally, there is absolutely no evidence of any floating material being entrained in the plume exiting the broken riser. In a
report to the MMS on Qil Spill Containment, Remote Sensing and Tracking For Deepwater Blowouts, PCCI Marine and
Environmental Engineering made the following statement.

“The blowout plume will make it difficult to approach the well with anything but very massive equipment pieces or
ROVs. The operation of ROVs will be difficult around the blowout point. The jet zone will cause vast amounts of
water to flow towards the well. The danger of having lighter equipment sucked into the flow is large. Many ROVs
have been rendered useless by relatively minor blowout plumes”

ROV video shows neutrally buoyant material passing within inches of the plume without being sucked in. From this
observation alone, the flow velocity must be relatively low.
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Chdef Operating Otficer
Expieration & Preduction
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Using “Standard Guide for Visually Estimating Olf Spill Thickness on Water, ASTM F 2534 - 06"

Qil on Water Estimate - Low

Oil on Water Estimate - Best Guess

Oil on Water Estimate - High

%, dewiwiw«wmﬂm Fof hp Sy W

s mi MMMMM alfsqgmil gals bhis ag-mi MMMMM galisg .L gals bbls sg mi MMMMM gallsg mi - gals bbls
Sheen 1500 0.5 50| ‘37500 893 Shean 1500{ 0.66] 333 329670 7849 Sheen 1800 075 666 740280 17839
Dull oll 250 0.2 666| 33300 783 Dl oit 250) 0.35] 1332] 116550, 2775 Dull cit 250 0.5 3330, 416250, 9811
Dark ol 9 0151 3330 44955 107 Dark ol 9 0.25] 6680 14085 3857 Dark oil 9 0.35 13320 41958 999
Total oil on water 75286 1793 Total oil on water 461208 10981 Total oil on waler 1E+06 28749
X 2 to compensate for evap and disp 3586 ¥ 2 to compensate for evap and disp 218962 X 2 to compensate for evap and disp 57498
recovered 200 recovered 450 recovered 700
chemically dispersed 1000 chemically dispersed 3500 chemically dispersed 6000
Total emitted 4788 Total emifted 25912 Total emitted 64198
Barrels emitted per day 1063 Barrels emitted per day 5758 Barrels emitted per day 14266
BP Confidential Page 1
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x\.&\“mﬁm “Standani Guide for Visual

hy B

Ol on'Water Estimate - Low

{ge

g Ol Spill Thickne:

549 oM MMMMM galisgmi pals hibls

Sheen 1641 0.5 50| 41028 877
Dudl ol 235 2.2 8861 31502 745
Dark o 21 015 3330 10480 250
Tots! oll on water f2817 1972
% 2 to compensate Tor evap and disp 3844
recovered 200
chemically dispersed 1000
Tolal emitted 5144
Barrels emitted per day 935
BP Confidential

on Waler ABTMF 2534 08

Oil on Water Estimate - Bost Guess

A
\w%;ﬂ{%iﬁ 1LoE A ATy

Ol on'Water Estimate - High

Cover

Facior galisg m| gals bbis

g m

Cover

Facter PAVsa Ml gals bibls

50 mi

Sheen 16411 056 3331 360658 8587

Sheen 1641 078 66| BIBBHO] 19516

Dl ol 238 Q.35 1332) 1005857 2609
Dark oil 21 (25|  BSBO| 34865 833
nm.mnmn oil on water 505181 12028
% 2 to compensale for evap and disp 24058
recovered 450
chemically tispersed 3500
Totalemitied 28008
Barrels emitted per day 5082
42842000

Dult ot 238 0:5] 33301 391275 8318
Dark oil 211 035 433201 97g92i 2331
Total oil on water 1308857 31183
% 2 1o compensate for evap and disp 82327
recavered 700,
chemically dispersed BOOD
Jotal emitted BU0IT
Barrels emitted per day 12550
Page 1
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Using "Standard Guiide for Visually Estimating Oil Spill Thickriass on Watdr, ASTM F 2534 - 06."

Qil on Water Estimate - Low

Oil on Water Estimate - Best Guess

2
]
i x § i e i

Oil'on Water Estimate - High

Cover

LI
sqm Eagtor

atisq i gals obis

sqmi MMMMM Hmmmma mi gak bbls
Sheen 1928 a5 50j 482281 1148]
Dull ot 238 0.2 666! 31702 755
Dark oif 21 G i8] 3330 4B4BE 1082
Total oil on water 125381 2085
X'd1o compensate for evap and disp 5971
regoverad #00
chamically dispersed 1400
Total gmitted 7771
Barrels emitted per day 1195

8P Conlidential

Shuen 1828 0.75 G666 963836 22941

Dulloil 238 Q.51 3330]  396270) 9435

sqmi mewﬂ gavsami gals | bbis
Lheen 1628 068 333 4200561 10004
Dull oil 238 038 13321 110988] 2642
Dark ol 91 0.85]  BEGU 151815] 3608
Total oil on water 686426 16343
X 2 to'compensate for evap and disp 32687
regovered 1500
chemically dispersed 4200
Total emitted 38387
Barrels emitted per day 53806

L5010

Cark ol 1] 0.35] 13320 4042421 10104
Totsl oil on water 1784048 4pa7y
x 2 1o compeniate forevap and disp BAGSE
recovared 3000
chamically dispersed BR00
Total emilted 93955
Barrels emitted per day 14455
Page 1
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Using "Standard Guide for Visualiy Estimating 'Oil Spill Thickness on Water ASTM F 2584 . 087

Qil'on Water Estimate - Low

Qil'on Water Estimate - Best Guess

84 mi MMMMMM Wmman m ghls bbls
Ehean 2481 0.5 50| 620251 1477
Ouill oit 180 8.2 8881 21312 507
Dark ot 35 0a8F 3330 17483 418
Total oit on water 100820 2400
% 2 o compensate for avap and disp 4801
recoveren S00
cheniically dispersed 1800
Total emitted 5901
Harrals emitted per day 820

8F Confidentis!

sq.mi MMMM W%ﬁ ml gas | bbis
Sheen 2481 066 333 545274 12083
Dutl pil 160 035, 1332 745820 1778
Dark oif 35 28 BBE0. BE27E 138
Total oil on water 578141 16148
x 2 to compensate for svap and disp 32282
recovered 2000
chemically dispérsed 4900
Total emitted 39182
Barrels emitted per day 5226

ASrpee mrg o T Mw

Oil 'on Water Estimate - High
sgmi WMMMM rmwwa mi gals bbls
{Bheen 2481 078 688 1239260) 29508
Dutl et 160 051 33301 2684001 8243
Dark oil 35 D251 133201 181170 3885
Total oll onwater 1868830 29744
®Z o compensate forevap aml gisp 72488
recovared 4000
chemicsily dispersed 7200
Total emitted Q0688
Barrels emitted per day 12088
Pags 1
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Using “Standard Guide for Visually Estimaling OU Spill Thickriess on Water, ASTM F 2534 < 08,

Qil on Water Estimate - Low

0§ on Waler Estimale - Best Guess

B mi MMMH“ galfsgmiy gals bbly
Sheen 5256 0.5 50f 131400 31z8i
Dyl oif 537 2.2 1893
Crark ol 120 415 a7
Total ol o waler 27DE6E0 4 8148
¥ 2 16 comnpensate fof evap and disp feda
recovend 15638
chemically dispersed 18800
bumed 5821
Tolal emitted 51057
Barrels emitted per da 1891

88 Contidentinl

oy MMMM gals Bhis
Sheer: 52880 nes 333] 1158164] 27804
P sg7i . 035 483l 27aaial 8627
ark oil 128 0.25 £660] 102800 4757
Jolal ol on water 1633285 3sass
* 2 10 compensate fof evap and disp TTITE
recovensd F67e
chemicaly dispersed B3040
burhed 11642
Total pimitted 154088
Barrels emitted per day 5707

il on Water Estimate - High
sy MMMM galfsami| gals bbls
Shesn 5256 0.78] B8] 26253721  B280G
597 5 23667
Dok olt 120 .38 559440] 13320}
Total off oo water 4178817 . B9340
X 210 compensate for £vap and disp 19801
restvered 83352
shemically dispesed BSELCO
bumay 23285
Total emitted 355827
Barrels emilted per day 13023
Pags 1
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Seafloor Exit
7" x 9-7/8” Casing Annulus Flow Path

Worst case theoretical flow assumes:

° Split 5-1/2” drill pipe at subsea BOP and flow out
6-5/8" drill pipe

e Maximum theoretical flow rate is 60,000 BOPD

Rigar

>
DR UREENTRE T,

ltems that reduce worst case theoretical flow:

e Crushed and bent riser and drill pipe
* Cement sheath in open hole by casing annulus
» Casing hanger and pack-off restriction

e Sand production (unconsolidated formation)

13

Hish R

» Shale collapse

* Water production RE20R_

*

¢ BOP functions activated

1858

WEIOR

* Expected range of possible flow rates is 5,000 to
40,000 BOPD

NOTE: Removal of all restrictions (riser, BOP, and
drill pipe) adds ~10,000 BOPD to rates above

12100,0

BP-HZN-2179MDL01446228
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Key Messages

Expected Case:

In the current state a wellhead pressure decrease from 3800 psi
to 2270 psi (pressure seafloor) results in a flow rate increase
ranging from 15% to 30%

Alternate Case:
If fluid flow is only through the drill pipe — and then the drill pipe
is unintentionally removed and flows into the sea (2270 psi):

« For flow up the annulus the rate doubles

« For flow inside production casing the rate triples

Note:
If BOP and wellhead are removed and if we have incorrectly modeled the
restrictions — the rate could be as high as ~ 100,000 barrels per day up the

casing or 55,000 barrels per day up the annulus (low probability worst cases)

BP-HZN-2179MDL01446229
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Estimation of the 0il Released from Deepwater Horizon Incident
{26 April 2010, 1200hrs PDT)

1} Surface Ol volume Estimation
Estimating oil volume by the visual appearance of the slick is a highly unreliable process. At best, oue
can calculate an answer to only an order of inagnitude. Other estimation methods, if available, are likely

1o give more accurate answers

0Oil spills separate into thick portions that can be as thick as an inch ormere and thin sheen that are only
as thick as 2 few visible light wavelengths. Most of the oil valume ini a typical crudeoil spill is In the
thick part (but most of the area is shieen

Much of the oil from the Hght crude that Is being released will evaporate or disperse in the water
column. We would expect at least haif of the of] released to be accounted for by these mechanisms

The oil that makes it to the surface is showing signs of emulsification. Emulsified oil can contain up to
90% water,

Weathered oil that has formed tar balls are not detectable by satellites or overflights.

Based upon past experiments, published standards, and actual spills, NOAA/ERD defines the range of
thickness of slicks as

Sheen thickness — (107 i <> 107 m)
Dark ofl thickness- (107 m <> 107 m)

¥R,

Area coverage of slick (4/26/10), based upen satellite images ( 1500km® < 30004km™)

"'P Sheen volume, using averags thickness of 0.1 micron, ares of 2000 sq. km and 100% coverage ylelds ofl
volume of 200 cu. m = 1200 bbl= 50,000 gal

= Thick oil volume, using average thickness of 100 microns, 1% average coverage and 50% water content
yields an oil volume of 1000 cu. m'= 6000 bbl. = 0.25 million pal

To an order of magnitude, we estimate that there are around 10,000 bbl of oil on the water surface, or
‘9 around a halfmillion gallons —

2} Estimated Present Volume Release Rate

The following assumptions are used to make a releose rate calculation. If any of them are changed, the
answer could be significantly different:

The ol {s leaking, in a vertical plume from z hole appraximately 40 cm. in diameter.

The velocity of the material in the plume is estimated by visual observation to be between 7 cm/sec and
30 cm/sec.

The plume itself contains gas bubbles, oil droplets, and entrained seawater.

4 Assuming that 50% of the plume volume is oil and a rise velocity of 15 wn/sec, the oil released from this

Source would be roughly 5000 bblﬂ%y. (approximately 200,000 gal/day) Qther sources would conteibute
additional oil. This answer will ve refined as additional Information becomes available.



