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A Brief Chronology

OIl Pollution Act of 1990 mandated EDRC

1990’s — Mechanical Equipment Calculator (MEC)
developed as a part of NOAA’s “Spill Tools”

2009 - Response Options Calculator (ROC)

2011 - BSEE Contract to Genwest Systems, Inc

« Prepare an objective and independent assessment to scientifically
validate the most appropriate methodologies for estimating the
effective daily recovery capacity (EDRC) of oil skimming systems

« Provide recommendations for EDRC improvements to inform oil
spill planning and preparedness

« Make recommendations for new EDRC methodologies and
guidelines for response systems deployed in nearshore and
offshore operating environments.



www.bsee.gov/Technology-and-Research/Oil-Spill-
Response-Research/Projects/Project-673/

 EDRC Final Report, December 7, 2012

« Estimated Recovery System Potential (ERSP) Calculator,
revised February 2015

« Estimated Recovery System Potential (ERSP) User Manual,
revised February 2015

* National Academy of Sciences Review of Genwest’'s Final
Report on EDRC, 2013

« Federal Register Notice Providing BSEE Comments on the
EDRC Study and NAS Letter Report and Requesting Public
Comment on ERSP


http://www.bsee.gov/Technology-and-Research/Oil-Spill-Response-Research/Projects/Project-673/
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EDRC = Manufacturer's Nameplate Capacity (bbl/hr) x 24 (hrs/day) x 20%
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The ERSP Calculator

The ERSP Calculator was developed to provide an encounter-rate
based estimate of daily recovery potential for advancing skimming
systems operating in open waters, in warm or cold climates, without
the effects of ice, debris or extreme weather conditions.

The Calculator is a planning tool, not an incident-specific response
model. During an actual response, consider using models that
account for oil type, oil weathering, environmental conditions, and
other factors specific to that incident. ERSP is not designed for use
as a measure of actual performance, but rather, recovery potential.
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Advancing Skimmer Recovery
System Components

Supporting Platform Vessel — Labeled as OSRYV in the diagram. This is the supporting
platform for all the basic components of a skimming system

Containment Boom — Encounters and concentrates the oil/emulsion from the oil slick.

Skimmer Device — Captures oil, emulsion, and free water (a measure of the Recovery
Efficiency) and transfers the Total Fluid Recovered to Onboard Storage. A portion of the
oil/emulsion encountered is lost behind the system. A measure of the Throughput Efficiency
IS the portion taken onboard.

Onboard Storage — Includes tankage built into the OSRYV to receive the total fluids
recovered.

Pumps — Decant and discharge.

Secondary Storage - While not shown in the diagram, secondary storage is considered a
component of each skimming system.




ERSP Assumptions

Planning tool for significant continuous or “batch” spills
Three day window for ERSP batch spill scenario
Ambient Conditions

Default Values

No skimmer downtime

Oil Type not considered

Use of constant TFRR values

No distinction between ocean, offshore, or inshore
Oil spreading and thickness values

Use of best practices

Emulsification

Asset mobilization

Offloading in between Operating Periods



Encounter Rate

* Speed
« Swath
* OIll/Emulsion Average Thickness

Encounter Rate can be enhanced by:
« Keeping skimmers in the heaviest oil.
* Increasing the skimming speed.

* Increasing the swath width.



ERSP Oil/Emulsion Thickness Values

Progression of Oil Slick Thickness Input

MEC > ROC
Manual thickness Time-dependent
entry based on user thickness derived
choice. One thickness every hour from
for entire simulation. model, based on oil

type & Environment.

v

ERSP

Three recommended
nominal average
thicknesses based on
ROC and other model
simulation results for
12 hours, 36 hours,
and 60 hours after a
batch release.




Total Fluid Recovery Rate

 Encounter Rate

* Throughput Efficiency - The percentage of oil/emulsion
recovered compared to the oil/emulsion encountered.

* Recovery Efficiency - The percentage of the volume of
oll/femulsion recovered compared to the total volume of
fluids recovered.

The Total Fluid Recovery Rate is limited by the Nameplate
Recovery Rate (Maximum Fluid Recovery Rate), the
maximum skimming capacity of a device as stated by the
manufacturer.



Enhanced Swath




Maximum Effective Swath

That Swath where the Encounter Rate Is equal to the
Maximum Fluid Recovery Rate (Nameplate Recovery
Rate).



Mame of System:

Skimmer Details:

Encounter Rate

Operating Period [hrs]:

Speed [kis]:

Swath [ft]:

ERSP Calculator

Recovery

Maximum Total Fluid Recovery
Rate [gpm]:

Throughput Efficiency [%]:

Recovery Efficiency [%a]:

Calculate

Discharge Type:

& Continuous Spill

' Batch Spill

Storage

On-Board Storage [bbi]:

Percent Decant [%a]

Decant Pump Rate [gpm]:

Rig + Derig Time [min]:

One Way Transit Time [min]:

Discharge Pump Rate [gpm]:



ERSP Output

Simulation Notes

Simulation Notes are generated by the Calculator to alert the
user that adjustments to input data may be necessary.

If the entered Swath > MES, the calculator uses the Swath = MES for that day.
« Swath used for calculation may not be achievable.

« Calculated Decant Rate is greater than Decant Pump Rate — Reduce Percent
Decant [%] value.

« Offload not achievable between Operating Periods - Reduce Operating Period
[hrs].



ERSP Output

Summary and Bar Charts

Estimated Recovery System Potential (ERSP) Operating Period 1 Operating Period 2 Operating Period 3 J-day Total
(Total Volume of Oil Recovered in Operating Period) 2.172 bhbl 1.369 bhbl 625 bhbl 4 167 bbl
Cperating Period 1 Thickness = 0.1 in. Emulsion = 35% Total Recovered and Retained Fluids = 4,011 bbl
[ oii-2.172 bbi (542) Water in Emuision = 1,170 bbi (29%) ||| Retained Free warter = 669 b1 (17%)

Operating Period 2 Thickness = 0.05 in. Emulsion = 55% Total Recovered and Retained Fluids = 3,653 bbl

. il = 1,369 bbl {37%) Water in Emulsion = 1,674 bbl (46%) . Retained Free Water = 609 hbl {17%)

Operating Period 3 Thickness = 0.025 in. Emulsion = 75% Total Recovered and Retained Fluids = 3,000 bbl

. il = 625 bhl (21%) Water in Emulsion = 1,875 bbl (62%) . Retained Free Water = 501 hbl {17%)




ERSP Output

Recovery Cycle Timeline

Recovery Cycle Timeline

.Stm_m._'aﬁal_m Cffload/Rig Time

Crperating Period [hrs]

Orperating Period 1 | 0.1 in
Crperating Pernod 2 | 0.05

‘J

Crperating Pernod 3 | 0.025 in
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Enhancement of Response System
Performance Using the
Response System Calculator (RSC)

Objective Topic
gL : Access and Use of RSC
Familiarization with the |:> Input & Output parameters
Response System Calculator (compared to those of the ERSP Calculator)

Areal Coverage Rate

|dentification of “Key” Oil Encounter Rate
System Performance : Total Fluid Recovery Rate

Calculations Maximum Effective Swath

Maximum Effective Swath vs. Speed
ERSP vs. On-board Storage

Calculation & Assessment of I:>
ERSP vs. Emulsion & Decant

System Performance “Drivers”



To access and download the Recovery
System Calculator go to:

http://www.genwest.com/RSC.html



ERSP Calculator

Name of System: Discharge Type: (@ Continuous Spill
() Batch Spill
Skimmer Details:

Encounter Rate Recovery Storage
ERSP —

Operating Period [hrs]: Maximum Total Fluid Recovery On-Board Storage [bbl]:
Rate [gpm]:

Speed [kis]: Percent Decant [%:]

Throughput Efficiency [%e]:

Swath [ft]: Decant Pump Rate [gpm]:

Recovery Efficiency [%c]:

Rig + Derig Time [min]:

One Way Transit Time [min]:

INPUT _ Discharge P Rat g
“ORMAT

Recovery System Calculator

Thickness [in]: | Mameplate Recovery Rate [gpm]:

Emulsion [%]: | Decant Pump Rate [gpm]:

Speed [kis]: | Discharge Pump Rate [gpm]:

% Decant [%]: | Transit Time [min]:

Swath [f]: |

R S C > On-Board Storage [bbl]: |

Rig/Derig Time [min]:

Throughput Efficiency [%]:

Recovery Efficiency [%]:

Variable fo Isolate: | e V| Iterations: Increment: | Calculate

Operating Period [h rs]:| |




ERSP Calculator

Name of System: Skimmer "x" Discharge Type: (") Continuous Spill
@) Batch Spill
Skimmer Details: Over-the-Side disc skimmer with large ~
support vessel & outrigger or boom vane v
Encounter Rate Recovery Storage
Operating Period [hrs]: 12 Maximum Total Fluid Recovery GA0 On-Board Storage [bbl]: 500
Rate [gpm]:
- 3 o
Speed [kis]: 2 Throughput Efficiency [%]: 75 Percent Decant [%o] 0
Swath [ft]: 75 Recovery Efficiency [%]: 85 Decant Pump Rate [gpm]: 0
Rig + Derig Time [min]: 30
One Way Transit Time [min]: 30

i Discharge Pump Rate [gpm]: 720

Selected Skimmer: “X”

- Swath —=

» Choice of Continuous or Batch Spill

« Batch Spill: Thickness of Oil & % Emulsion are set
by the calculator for each of Days 1, 2 and 3.

» Continuous Spill: Oil Thickness and % Emulsion for
Day 1 remain unchanged for each day of spillage.



Sample Graphic Output from ERSP

Estimated Recovery System Potential (ERSP) Operating Period 1 Operating Period 2 Operating Period 3 3-day Total
{Total Volume of Oil Recovered in Operating Period) 1,381 bbl 943 bbl 387 bbl 2,711 bbl
Operating Period 1 Thickness =0.1in. Emulsion = 35% Total Recovered and Retained Fluids = 2,500 bbl
[l oit = 1.387 bbi (55%) water in Emulsion = 744 bbl (30%)  [JJ]] Retained Free water = 375 bbi (15%)

Operating Period 2 Thickness = 0.05 in. Emulsion = 55% Total Recovered and Retained Fluids = 2,467 bbl

W oit - 943 bbi (38%) Water in Emuision = 1,153 bbl (47%)  [JJ]] Retained Free water = 370 bbi (15%)

Operating Period 3 Thickness = 0.025 in. Emulsion = 75% Total Recovered and Retained Fluids = 1,820 bbl

I oi - 387 bbi (212) Water in Emulsion = 1,160 bbl (64%)  [JJJ] Retained Free water = 273 bbi (15%)

Recovery Cycle Timeline

‘. Skim Time [J] Transit Time Offload/Rig Time |

Operating Period [hirs]

Operating Perod 1| 0.1 in

Operating Perod 2 | 0.05 in
Operating Period 3 | 0.025 in



Sample Data Output from

ERSP

Encounter Rate Results

Maximum Effective Swath (MES)

Swath Used For Calculation

Qil/Emulsion Encounter Rate

Areal Coverage Rate

Area Covered in Operating Period (Acres)
Area Covered in Operating Period (Sq. Miles)
Recovery Results

Total Fluid Recovery Rate

Emulsion Recovery Rate

Qil Recovery Rate

Free Water Recovery Rate

Operating Period:
Encountered Product (OillfEmulsion) Thickness:
% of Water in Qil/'Water Emulsion:

Op. Period 1
0.1in
35%

it

on
[==]

it

on
[==]

737 gpm
0.27 acres/min
44 acres

0.07 sq mi

Op. Period 2
0.05in
55%

473 gpm
0.35 acres/min
a7 acres

0.14 5g mi

418 gpm
355 gpm
160 gpm

63 gpm

Op. Period 3
0.025 in
75%

237 gpm
0.35 acres/min
128 acres

0.2 sq mi

209 gpm
178 gpm
44 gpm

31 gpm

etc.




Recovery System Calculator

Thickness [in]. | Mameplate Recovery Rate [gpm]: |

Emulsion [%]: | Decant Pump Rate [gpm]: |

% Decant [%]: |

Swath [f]; | Rig/Derig Time [min;: |

|
|
Speed [kis]: | | Discharge Fump Rate [gpm]: |
|
|
|

On-Board Storage [bbl]: | Throughput Efficiency [%]: |

|
|
|
Transit Time [min]: | |
|
|
|

Recovery Efficiency [%]: |

Variable fo Isolate:| S V| Iterations: | Increment: | Calculate

Operating Period [hrs]:| | '

Example: Input for Skimmer “X” (running 4 iterations of oil thickness with 0.02 in. increments)

U

Recovery System Calculator

- Swath —=

Thickness [in]: |[}.D2 Nameplate Recovery Rate [gpm]: |65EI'

Emulsion [%]: |20 Decant Pump Rate [apm]: |0

% Decant [%]: |[} Transit Time [min]: |30

Swath [fl: |75 Rig/Derig Time [min]: |30

|
|
Speed [kis]: |2 | Discharge Pump Rate [gpm]: |?5EI'
|
|
|

On-Board Storage [bbl]: |5{]EII Throughput Efficiency [%]: |?5

Recovery Efficiency [%]: |85

Variable to Isolate:|Thickness V| lterations: |4 Increment: | .02 | Calculate

Operafing Period [hrs]:|12 |




Sample Format for Output Data & Charts

Time for 1 Full Cycle (includes offload & 2 transits)

Skimming Time in Op Period

Skimming Time in Op Period %

Area Covered (acre) in Op Period

Area Covered (sq mi) in Op Period

Total Volume Qil'Emulsion + Free Water Recovered/Op Period
Total volume of CiVEmulsion Recovered/Op Period

Total # of Fills/Op Period

ERSP (Total Volume Qil Recovered/Op Period)

ERSP vs Thickness [in]

1,698
1.259
| I
0.02 im 0.04in 0.08 in

Thickness [in]

1.701

0.02in

4.1 hr

6.3 hr

52 %

132 acres
0.21 5g mi
1,500 bbl

1,274 bbl

3

1,019 bbl

3hr

4.3 hr

35 %

83 acres
0.14 sqmi
2,000 bbl
1,698 bbl
4

1,359 bbl

2.7 hr
35hr

29 %

T3 acres
0.11 5q mi
2,500 bbl
2,123 bbl
5

1,698 bbl

25hr
27hr
22%

55 acres
0.09 sqmi
2,500 bbl
2,126 bbl
5

1,701 bbl

Response Timeline

|. skim Time [} Transit Time Offload Time
COperating Period [hrs]
1 2 3 4 5 8 7 8 8 0 11 12




Key System Performance Equations

Areal Coverage Rate (acres/min) = W (ft) x V (kt) / 430

Encounter Rate (gpm) = 63.13 x W (ft) x V (kt) x T, (in.)

Total Fluid Recovery Rate (gpm) = Encounter Rate (gpm) x TE
RE

Maximum Effective Swath (gpm) = Max. Fluid Recovery Rate™ (gpm) x RE
63.13 x V (kt) x Tx TE

Where: W = Swath of system V = Speed of system T, = Avg. Oil Thickness
TE = Throughput Efficiency RE = Recovery Efficiency

* Note: Max. Fluid Recovery Rate (some call “Nameplate” Recovery Rate) includes all oil
and/or emulsion plus free water removed from the surface and placed in on-board storage.



Derivation of Total Fluid Recovery Rate (TFRR):

RE (%) = (OR/TFR) x 100 = (ORR/TFRR) x 100
TE (%) = (OR/En) x 100 = (ORR/ENR) x 100
Therefore,

ORR = TFRR x RE (%)/100
ORR = ENR x TE (%) /100
K ( 0) / J

Y
TFRR = EnR (TE/RE)




Maximum Effective Swath (feet)

Maximum Effective Swath (MES) vs. Speed (V)

10000

1000

100

10

Avg. Oil Thickness (T,) = 0.1 inch

Max. Fluid Recovery Rate (gpm)

Range of Common Skimming Speeds

172 3/4

1 1% 2 2%2 3

Skimming Speed (kts)

For Max. Fluid
Recovery Rates
&
with TE = RE



Maximum Effective Swath (feet)

Maximum Effective Swath (MES) vs. Speed (V)

Avg. Oil Thickness (T,) = 0.05 inch

10000
For Max. Fluid
Max. Fluid Recovery Rate (gpm) Recovery Rates
1000 2505 J , 2

f;’gg\\\ with TE = RE
1000\\\\

100

S
10
Range of Common Skimming Speeds
0 172 3/4 1 1% 2 2%2 3

Skimming Speed (kts)



Maximum Effective Swath (feet)

Maximum Effective Swath (MES) vs. Speed (V)

Avg. Oil Thickness (T,) = 0.025 inch

10000
\ / Max. Fluid Recovery Rate (gpm) For Max. Fluid
2500 Recovery Rates
1000 —— ,25"3.:\— e P
m\\ with TE = RE
500 \
250\
100 \\
10
Range of Common Skimming Speeds
0 172 3/4 1 1% 2 2% 3

Skimming Speed (kts)



Example: Variable Storage Recovery System Calculator pimosid
(with T, = 0.05 in.)
ThiCkr‘IESEmD.DE | Mameplate Recovery Rate [gpm]: |[35|} | Simulation Notes:
Emulsion [%]: |35 | Decant Fump Rate [gpm]: | 150 | 2;ILHU?;E:i::ssu:‘:t&:amisﬁugg for that
Speed [kis]: |2 | Discharge Pump Rate [gpm]: |?5I} | day. i -
% Decant [%]; |D | Transit Time [min]; |3[] | )
Swath [f]: |75 | Rig/Derig Time [min]: |30 |
On-Board Storage [bbl]: |EDI} | Throughput Efficiency [%]: |?5 |
Recovery Efficiency [%]: |E5 |
Varable to Isolate:; |On-EE-c|E|r|:I Storage V| lterations: |8 | Increment: |'IDIZID |
Operating Period [hrs]| 12 | Performance with 500 bbl On-Board Storage
= =
On-Board Storage 500 bbl Time To Fill @nboard Storage 0.8 hr
Maximum Effective Swath 117 fi Time to Offload Full Tank(s) 53 min
Swath Used For Calculation 75t Time for 1 Full Cycle {includes offload & 2 transits) 28hr
Encounter Rate :I?bgbp:': Skimming Time in Op Period 41 hr
Areal Coverage Rate gggs!min Skimming Time in Op Period % 34 %
Total Fluid Recovery Rate :91? bgbp,T Area Covered (acre) in Op Period 87 acres
Emulsion Recovery Rate 395 gpm Area Coverad (sq mi} in Op Period 0.14 5g mi
Oil Recovery Rate gc-.sgbgﬂ: ;gt;g':ulume Qil/Emulsion + Free Water Recovered/Op 2 467 bbl
Rate Water Taken Onboard 83 gpm Total volume of QiVEmulsion Recovered/Op Period 2,095 bbl
Water Retained Rate 63 gpm Total # of Fills/Op Period 49
Decant Rate D gpm ERSP (Total Volume Oil Recovered/Op Period) 1,362 bbl




Example: Variable Storage e

(T, =0.05in.) o
System “X” ERSP vs. On-Board Storage
Average Oil Thickness = 0.05 in. (1.27 mm)
Encountered Oil Emulsion at 35 % water
On-Board Storage 500 bbl 1500 bbl 2500 bbl 3500 bbl 4500 bbl 5500 bbl 6500 bbl 7500 bbl
ERSP (Total Volume Oil Recovered/Op Period) 1,362 bbl 2,042 bbl 2,690 bbl 2,383 bbl 2,434 bbl 3,036 bbl 3,538 bbl 3,953 bbl
ERSP vs On-Board Storage [bbl] Response Timeline

3853
- Skim Time [} Transit Time Offload Time

3.583 Cperafing Pericd [hrs]

3,038

2.890
2,484
2,383
2,042
1,362 I

500bbl  1500bbl 2500 bbl  3500bbl  4500bbl 5500 bbl  BS00bbl 7500 bbl
On-Board Storage [bbi]




Example: Variable Storage
(with T, =0.025in.)
N

Thickness [in]: |D.025

Emulsion [%]; |35

Speed [kis]: |2

Recovery System Calculator

Mameplate Recovery Rate [opm]: |I35D

Decant Pump Rate [opm]; | 150

Discharge Pump Rate [gpm]: |?5D

-— Swath ==

Swath [f]: |75 Rig/Derig Time [min]: |30

|
|
|
% Decant [%]: |0 |
|
|

On-Board Storage [bbl]: |5|:||} Throughput Efficiency [%]: |?5

|
|
|
Transit Time [min]: |3E] |
|
|
|

Recovery Efficiency [%]: | 85

Variable to |50Iate:|Dn-Board Storage V| lterations: |8 Increment: |500

Operating Period [hrs]:|1 2 |

L x
On-Board Storage alibh] Time To Fill Onboard Storage 1.7 hr
Maximum Effective Swath 2331t
Time to Offload Full Tank(s) 58 min
Swath Used For Calculation 7hit . _ )
Time for 1 Full Cycle {includes offload & 2 transits) 36 hr
237 gpm
Encounter Rate 233 bbir Skimming Time in Op Period 6.1hr
0.35
Areal Coverage Rate acres/min Skimming Time in Op Period % 51 %
: 205 gpm
Total Fluid Recovery Rate 208 bblhr Area Covered (acre) in Op Period 128 acres
; 178 gpm
Emulsion Recovery Rate 353 bg,ﬁ_,r Area Coverad (sq mi} in Op Period 0.2 5q mi
i 115 gpm Total Volume Oil/Emulsion + Free Water Recovered/Op
il Recovery Rate e Period 1,820 bbl
Rate Water Taken Onboard f} 2t Total volume of OiVEmulsion Recovered/Op Period 1,546 bbl
Water Retained Rate 31gpm Total # of Fills/Op Period 36
Decant Rate Egbﬁ’m ERSP (Total Volume Oil Recovered/Op Period) 1,005 bbl




Example: Variable Storage oS

(T, =0.025in.) o
System “X” ERSP vs. On-Board Storage
Average Oil Thickness = 0.025 in. (0.64 mm)
Encountered Oil Emulsion at 35 % water
On-Board Storage 500 bbl 1500 bbbl 2500 bbl 3500 bbl 4500 bbl 5500 bbl 6500 bbl 7500 bbl
ERSP (Total Volume Qil Recovered/Op Period) 1,005 bbl 1,499 bbl 1,380 bbl 1,932 bbl 1,977 bbl 1,977 bbl 1,977 bbl 1,977 bbl
ERSP vs On-Board Storage [bbl] Response Timeline

1,077 1977 1.877 1077
1.832 B skim Time ] Transit Time Offload Time

Crperating Period [hrs]
0 1 2 3 4 5 i T 2 a 10 11 12
1,488
1,380
1,005 I

500bbl  1500bbl  2500bbl  3500bbl 4500 bkl S500bbl G500 bbl 7500 bbi
On-Board Storage [bbi]




Example: Variable % Emulsion

(T, =0.05in.)

Thickness [in]: |.EIE

Emulsion [%]: | 15

Speed [kis]: |2

% Decant [%]: |0

Swath []: |75

On-Board Storage [bbi]: |5E]D

Variable fo Isolate; | Emulsion

Operating Period [hrs]:| 12

Recovery System Calculator

Mameplate Recovery Rate [opmy]: |[35I}

Decant Pump Rate [gpm]: l 150

Discharge Pump Rate [gpm]: |?5I}

Rig/Derig Time [min]: |30

Throughput Efficiency [%]: |?5

|
|
|
Transit Time [min]: |E'>D |
|
|
|

Recovery Efficiency [%]: |85

-~ Swath —=

V| lterations: |4

| Increment: |ED

| Performance the same for all emulsion values (only ERSP changes)

/

Maximum Effective Swath
Swath Used For Calculation
Encounter Rate

Areal Coverage Rate

Total Fluid Recovery Rate
Emulsion Recovery Rate
il Recovery Rate

Rate VWater Taken Onboard
Water Retained Rate

Decant Rate

117 ft

751t

473 gpm
877 bblhr

0.35 acres/min
413 gpm
587 hblhr

355 gpm
507 bblhr
302 gpm
431 bbl'hr
63 gpm
20 bblihr

63 gpm
20 bblihr

0 gpm
0 bbl'hr

A

Time To Fill Onboard Storage

Time to Offload Full Tanki(s)

Time for 1 Full Cycle {includes offload & 2 fransits)

Skimming Time in Op Period

Skimming Time in Op Period %

Area Covered {acre) in Op Period

Area Coverad (sq mi} in Op Period

Total Volume QilFEmulsion + Free Water Recovered/Op Period
Total volume of QiEmulsion Recovered/Op Period

Total # of Fills/Op Period

0.8 hr

58 min
28hr
41hr

34 %

47 acres
0.14 sq mi
2,467 bbl
2,095 bbbl

49




Example: Variable % Emulsion ——

(T, =0.05in.) o .
System “X” ERSP vs. Emulsion
Average Oil Thickness = 0.05 in. (1.27 mm)
On-Board Storage = 500 bbl
Emulsion 15% 5% 55 % 75 %
ERSP (Total Volume Qil Recovered/Op Period) 1,781 bbl 1,362 bbl 943 bbl 524 bbl
ERSP vs Emulsion [%] Response Timeline

1,781

B skim Time [ Transit Time Offload Time

Operating Pericd [hrs]
8 7 8 <] 10 11 12

5
| |
| |
| |
| |

1.382
o43
I 524
35 % 55 % 75 %

Emulsion [%u]

15 %



Example: Variable % Decant Recovery System Calculator

(T, =0.05in.)

-~ Swath —=

Thickness [in]: |.'IZI'5 Nameplate Recovery Rate [gpm]: |55I]

Emulsion [%]: |35 Decant Pump Rate [gpm]: |15I]

Speed [kis]: |2 Discharge Pump Rate [gpm]: |T-"5I]

% Decant [%]: |0
Swath [fl: |75

Rig/Derig Time [min]: |30

On-Beard Storage [bbl]; |5[]I] Throughput Efficiency [%]: |T-"5

|
|
|
Transit Time [min]: |?:-U |
|
|
|

Recovery Efficiency [%]: | a5

Variable to Isnlate:|‘3fa Decant V| lterations: |5 Increment: (20

Operating Period [hrs]:| 12 |

Only change below involves water decanted and retained.

% Decant 0% 20 % 40 % 60 % 80 %
Maximum Effective Swath 117 it 117 fi M7t 117 it 117 it
Swath Used For Calculation 751t 75t 7ot 7aft it
473 gpm 473 gpm 473 gpm 473 gpm 473 gpm
Encounter Rate 677 bblhr B7T bblihr B77 bblhr 877 bblhr 677 bblhr
Areal Coverage Rate 0.35 acres/min 0.35 acres/min 0.35 acres/min 0.35 acres/min 0.35 acres/min
: 418 gpm 418 gpm 418 gpm 418 gpm 418 gpm
Total Fluid Recovery Rate 527 bblhr 507 bblihr 507 bblhr 507 bblhr 597 bblhr
; 355 gpm 355 gpm 355 gpm 355 gpm 355 gpm
Emulsion Recovery Rate 507 bblhr 507 bblihr 507 bblhr 507 bblhr 507 bblhr
; 231 gpm 231 gpm 231 apm 231 opm 231 gpm
Oil Recovery Rate 330 bblhr 330 bblihr 230 bblhr 330 bblhr 320 bblhr
63 gpm 63 gpm @3 gpm 63 gpm 63 gpm
Rate Water Taken Onboard &2 bblhr 80 bblhr 20 bblhr 20 bhlhr 89 bblhr
: 63 gpm A0 gpm 38 gpm 25 gpm 13 gpm
Water Retained Rate 29 bblhr 71 bblhr 53 bblhr 35 phlihr 17 bblhr
Decant Rate 0 gpm 13 gpm 25 gpm 33 gpm 50 gpm

0 bblhr 17 bblhr 35 bblhr 53 bbl'hr 71 bel'hr




Example: Variable % Decant

System “X”

ERSP vs. % Decant o

(T,=0.05in.)
Average Oil Thickness = 0.05 in. (1.27 mm)
% Decant 0 % 20 % 40 % 60 % 80 % — Smmer
Time To Fill Onboard Storage 0.8 hr 0.9 hr 0.9 hr 0.9 hr 1hr
Time to Offload Full Tankis) 58 min 58 min 58 min 58 min 58 min
Time for 1 Full Cycle {includes offload & 2 transits) 28hr 28hr 29hr 29 hr 2.9hr
Skimming Time in Op Perod 41hr 41hr 4.1hr 41hr 41 hr
Skimming Time in Op Period % 34 % 34 % 34 % 34 % 34 %
Area Coverad (acre) in Op Period &7 acres &7 acres a7 acres 87 acres 87 acres
Area Covered (sq mi) in Op Period 0.14 sqmi 0.14 sgmi 0.14 sq mi 0.14 sq mi 0.14 5q mi
Total Volume Qil/Emulsion + Free Water Recovered/Op Period 2 467 bbl 2,393 bbl 2,319 bbl 2,245 bbl 2171 bbl
Total volume of QiEmulsion Recovered/Op Period 2,095 bbl 2,095 bbl 2,096 bbl 2,096 bbl 2,096 bbl
Total # of Fills/Cp Period 49 4.3 46 45 43
ERSP (Total Volume Oil Recovered/Op Period) 1,362 bbl 1,362 bbl 1,362 bbl 1,362 bbl 1,363 bbl
ERSP vs % Decant [%] Response Timeline
1352 1352 1302 1352 1355 B skim Time [ Transit Time Offload Time
Cperaiing Pericd [hrs]
2 3 4 5 8 7 g g 10 1 12

0 20 40 60
% % % %




Summary

v' ERSP is a significant improvement over EDRC.

v Full “System” response is essential for meaningful
performance estimates and planning standards.

v Optimized recovery potential for any skimming system
Involves the matching of possible oil encounter rates
with on-board storage and processing capabillity.

v The recovery potential of each skimming system is
uniguely tied to specific operating characteristics that
can be quantified to enhance overall performance.

v’ “Bigger isn’t always better!” System swath, speed and
storage should work within the constraints of
throughput and recovery efficiency, pump capacity, and
the type and proximity of backup support.




