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« Welcome and Overview of NRAP — Technical
Approach and Tool Development

* Introduction to the NRAP Designs for Risk
Evaluation and Management tool (DREAM)

« What does DREAM do?

« User-provided input

« User Interface Workflow with a Simple Example
 Path Forward and QA/QC

* Questions and Open Discussion
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National Risk Assessment Partnership (NRAP)

NRAP leverages DOE’s capabilities to help quantify uncertainties and risks
necessary to remove barriers to full-scale CO, storage deployment.

Objective: Building toolset and improving the science base to address

key questions about potential impacts related to release of CO, or brine

from the storage reservoir, and potential ground-motion impacts due to
injection of CO,

Technical Team Stakeholder Group

NETL E fégf:ff:ff" @: Blue Source ::':'::: ﬂ,Emé’:ﬂ:’:ﬂi‘:‘:. ::::::::
. ExonMobil  gligaghy |Ec
coreend] L/% Al B4 sl
BE s o5 amos o SCNIIETRT ot sy,

F
*ENERGy goARP™

w‘ Texas Railroad

(WSl Commission

7
7,
Pac}ijfic 7 ZURICH’
Northwest
‘ ‘ Wad e, A Because change happenz.
WHITING
LLC A ¥ 4

U.S. DEPARTMENT OF ‘g/// -
@ ENERGY N=TL e (L NL.S?at\.'eme s NRAP
mﬂmk‘iﬂm?ﬂm



NRAP’s approach to quantifying performance relies on
reduced-order models to probe uncertainty in the system.

A. Divide system into
discrete components

Energy Data

B. Develop detailed Exchange (EDX)
| component models
that are validated
against lab/field data

T T T T e 1
amps Jll' I | L Y N O
: I‘ C. Develop reduced-order

Potential
Receptors or
Impacted
Media

Release and
Transport
y, models (ROMSs) that . .
5 rapidly reproduce - ': Storage
RV component model 1 &———» [ Resenvoir

predictions

D. Link ROMs via integrated
assessment models (IAMs) to

E. Develop strategic monitoring predict system performance & risk;
protocols that allow verification of calibrate using lab/field data from
predicted system performance NRAP and other sources
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NRAP Tools

Now available for beta testing

NRAP-IAM-CS
Design for Risk
Evaluation and
Monitoring Aquifer

Impact Model

lntermediate reservoirs

Wellbore Leakage

(7))
Analysis Tool ,%‘;
4
9 %
= 3 Short Term Seismic
o Forecasting
Natural Seal =
ROM 4

and Visualization www.edx.netl.doe.gov/nrap - TOOL BETA TESTING link

J Reservoir Evaluation | — ———
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http://www.edx.netl.doe.gov/nrap

Schedule for NRAP Tool Webinar Series

Date/ Time Tool Presenter(s)
October 13 Integrated Assessment Model-Carbon Rajesh Pawar
Time: 1pm ET Storage (NRAP-IAM-CS)

(2.5 hours)

October 19 Natural Seal ROM (NSealR) Nicolas Huerta, Ernest Lindner
Time: 1pm ET (1 hour)
October 26 Reservoir Evaluation and Visualization
Time: 1pm ET (REV) Tool (1 hour)
November 2 Wellbore Leakage Analysis Tool (WLAT) Nicholas Huerta
Time: 1pm ET (1.5 hour)
November 9 Aquifer Impact Model (AIM) (1.5 hour) Diana Bacon
Time: 1pm ET
November 16 Design for Risk Evaluation and Monitoring  Catherine Ruprecht Yonkofski
Time: 1pm ET (DREAM) (1 hour)

November 30

Short Term Seismic Forecasting (STSF)

Time: 1pm ET (1 hour)
December 7 TBD
Time: 1pm ET

Josh White, Corinne Bachman

Check for updates at www.edx.netl.doe.gov/nrap
I
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http://www.edx.netl.doe.gov/nrap

What does DREAM do?

Problem statement:

In the case of CO, injection operations in the vicinity of abandoned
wellbores, there is a need to identify diverse monitoring designs
capable of efficiently detecting leakage before persistence in USDWSs.

Solution:

The DREAM tool optimizes site specific monitoring schemes based on
minimizing the time to leakage detection (TTD).

« Uses a simulated annealing algorithm

« Varies monitoring parameter sensor-types and quantities

« Adheres to cost constraints

 Minimizes TTD

» OQutputs optimal monitoring configurations based on inputs
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User-provided input

Leakage Simulations

DREAM requires previously computed simulation output from
numerically modeled leakage cases.
To improve computational efficiency, DREAM converts this ASCII
data to binary hdf5 formatted data prior to optimization.
— Currently the data converter included with DREAM is directly
compatible with NUFT and STOMP output files.
— Developments are being made to accept a more universal text
format.

Leakage Signature

Select monitoring parameters of interest — called “sensor-types”.
Set threshold values.
Specify minimum number of alarming sensors to constitute a leak.

Constraints

Budget
Number of wells
Locations
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User Interface Workflow with a Simple Example

D DREAM Wizard

DREAM

Designs for Risk Evaluation and Management

The DREAM tool is a post-processor that optimizes monitering configurations across
user-provided numerically modeled subsurface leakage simulations. DREAM works to
minimize the time to first detection of CO2 leakage based on specified monitoring
requirements and budgetary constraints,

DREAM was developed as part of the MNational Risk Assessment Partnership. Fer more
information seet www.netl.doe.gov

RAl

National Risk Assessment Partnership

A
1

ll Lawrence Livermore
National Laboratory

Primary contact: Yenkofski,
Email: catherine.ruprecht
Version 1.0

Developers: Porter, E.;
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User Interface Workflow: Load Realizations

Example simulations from Hou et al. (2014) of leakage through an abandoned
wellbore into an unconfined aquifer. Variable leakage rate, geochemistry,
hydrogeology.

D DREAM Wizard

DREAM

Designs for Risk Evaluation and Management

Input Directory

Select a directory | C\Users\ruprd0d'\Desktop' DREAMwebinariruns20_h5

Simulation tool [Sensor placement optimization: CC591 -

Maodel option Individual Sensors 2.0 -

Shallow/urban unconfined wells

0.1

0.09 ¢
0.08 |
0.07
0.06
0.05

0.04 |

Leakage Rate, kg/s

0.03
0.02

0.01 |

0

Provide the path to a single directery containing hdf5 formatted files of all subsurface simulation output at specified plot times,

By ==

More info: The "Launch Converter” button will allow file format conversions from ASCI te hdf5 for common subsurface simulation cutput formats (currenthy: NUFT,
STOMP). If the file converter is incompatible with the desired cutput file format, specific fermatting requirements are given in the user manual.

[

U.S. DEPARTMENT OF

ENERGY

Launch Corwerter] [Lauﬂch V\sualizatioﬂ] [ < Back ” Mext =
Input parameters and their ranges for uncertainty quantification.

Hurmber Parameter Mingmum Macimum Distribution
pl Distance from injection well to keaky well, m 10 4300 Liceg v Fzarm
pa Mazcirmum lzak rate, kgls 0.1 ] Leeg wnifioam
pa Porosity, X 13 Fc | KNormal

pd Hydraulic ronductiviey, mf day il ] 45 Lesg normal
p5 Calcite, solid phase, volumetric T 0.1 - nEa KNormal

pE Calcite dissclution rate at 25 °C, mol/m®/s 15107 15= 10" Lesg normal
7 Dolomite dissolution rate at 25 -C. mol/m?/s 29 = 10-% 9=10T Lo normal
pa surface area, om@lg 0.1 ] Lesg normal
pE Calcite equilibrium constant at 25-C, log 135 235 KNormal

pld Dolomite squilibrivm constant at 25 -C_log 201 am MNormal
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User Interface Workflow: Load Realizations

Example simulations from Hou et al. (2014) of leakage through an abandoned
wellbore into an unconfined aquifer. Variable leakage rate, geochemistry,
hydrogeology.

D DREAM Wizsrd By ==

DREAM

Designs for Risk Evaluation and Management

Input Directory B

Provide the path to a single directery containing hdf5 formatted files of all subsurface simulation output at specified plot times,

Select a directory | C\Users\ruprd0d'\Desktop' DREAMwebinariruns20_h5

Simulation tool [Sensor placement optimization: CC591 -

Maodel option Individual Sensors 2.0 -

Shallow/urban unconfined wells |

[

More info: The "Launch Converter” button will allow file format conversions from ASCI te hdf5 for common subsurface simulation cutput formats (currenthy: NUFT,

0.1 STOMP). If the file converter is incompatible with the desired cutput file format, specific fermatting requirements are given in the user manual. 2
0.09 P ——
0.08 [Launch CDHVEH:E!]?}UHC"‘I V\sualizatioﬂ] [ < Back ” Mext =
» 0.07 1 ﬁ
=11
~0.06 |
g - Input parameters and their ranges for uncertainty quantification.
3
% 0.05 Hurmber Parameter Mingmum Macimum Distribution
80
% 0.04 F pl Distance from injection well to keaky well, m 10 4300 Liceg v Fzarm
@ p2 Maxirmum leak rate, kg's ool ] Leeg wnifioam
= 003k pa Porosity, X 13 - Hormal
pd Hydraulic ronductiviey, mf day il ] 45 Lesg normal
0.02 b P Calcite, solid phase, volumetric T 0.1 - L) Normal
pE Calcite dissclution rate at 25 °C, mol/m®/s 15107 15= 10" Lesg normal
001 F 7 Dolomite dissolution rate at 25 -C. mol/m?/s 29 = 10-% 9=10T Lo normal
pa surface area, om@lg 0.1 ] Lesg normal
0 pE Calcite equilibrium constant at 25-C, log 135 235 KNormal
0 pld Dolomite squilibrivm constant at 25 -C_log 201 am MNormal
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User Interface Workflow: Load Realizations

Example simulations from Hou et al. (2014) of leakage through an abandoned

wellbore into an unconfined aquifer. Variable leakage rate geochemistry,
hyd rog eology | | DREAM HDFS Converter

File
Input directory:
Qutput directory:
Shift: | | shift J: | il [0 | nt
Scenarios Data i
run_100 |~| |[] Agqueous »caasodcal Concentration, m B
run_101 [ | Agueous >caco3- Concentration, mol/lii _ _
run_102 3 I:l Agueous >cahasod- Concentration, mo ulation output at specified plot times,
run_103 [ ] Agueous >cahpodca+ Concentration, m
run_104 | | |C] Aqueous >capo4ca0 Concentration, m E
run_105 [] Agueous >co3ba+ Concentration, molli—|
run_106 [] Aqueous >co3ca+ Concentration, mol/l
run_107 ] Aqueous >co3cd+ Concentration, mol/l
run_108 [ Aqueous >co3h0 Concentration, mol/lit L
run_109 il |:| Aqueous >co3mg+ Concentration, mol/ lo hdf5 for commen subsurface simulation output formats (currenthy: NUFT,
" |:| Agueous >co3pb+ Concentration, mol/| ermatting requirements are given in the user manual, 2
0.1 Time steps
' [_] Agueous CO2 Mass Fraction
0.09 | 0 = |[] Aqueous Density, kg/m*3 —
0.08 + 1 [ Aqueous Pressure, mpa
' 2 =| |] Aqueous Total As Concentration, mg/L [Lsunch Converter| [ hunch Visuslization | | <Back |[  Next>
L, 007 F 3 [] Aqueous Total Ba Concentration, mg/L
E‘J 0.06 4 — |[] Aqueous Total Cd Concentration, mg/L
g 5 ] Aqueous Total Dissolved Solids Concer|
I3 ¥ 6 .
% 0.05 F [] Aqueous Total Pb Concentration, mg/L [T ——— Distribution
e 7 [] Aqueous bafhco3)+ Concentration, mol o0 Lo urif
'§ 0.04 | 8 | |C] Agueous ba+2 Concentration, moliliter Z 1 Leeg unifarm
= 0.03 k- 9 v 4] I | [¥] i Mormal
45 Lesg normal
0.02 b - [EC] Mormal
T 15= 10" Lesg normal
001 F * 9=10T Lo normal
’ surface area, omlg 1 Lo normal
0 1 1 pE Calcite equilibrium constant at 25-C, log 135 235 KNormal
0 50 100 150 200 pim Dolomite equilibrivm constant at 25 -C, log 21 o Mormal
Time, yr
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User Interface Workflow: Leakage Criteria

Designs for Risk Evaluation and Management

Leakage Criteria

Select the monitoring parameters of interest, include a cost per appropriate sensor type, and set the detection criteria, MOTE: The minimum and maximum values are
read from the first realization read by DREAM. These are provided to give the user an idea of the values present.

Monitoring Parameter Cost per Sensor Detection Criteria Value

Aqueous Pressure 100 Relative delta 'i +1

Maximum threshold

AqueousTotaIAs Concentration |100 ‘ Minimum thresheold | |
Relative delta
Aqueous Total Ba Concentration | 100 ‘ ‘Abso\ute delta | |
AqueousTotaI Cd Concentration |100 ‘ ‘Mlnlmum threshold 'l | |
quecus Total Dissolved Solids Concentration 100 Minirmum threshold v| 420
AqueousTotal Pb Concentration |100 ‘ ‘Minimum threshold v| | |
Aqueous benzene Concentration |100 ‘ ‘Minimum threshold 'l | |
[] Aqueous naphthalene Concentration |100 ‘ ‘Minimum threshold vl | | 1
Aqueous phenol Concentration | 100 ‘ ‘ Minimum threshold - | | |
Gas Pressure | 100 ‘ ‘ Relative delta - | | |
[7] Gas Saturation |100 ‘ ‘Minimum threshold vl | |

pH 100 Maximum threshold | 66
Find triggering nodes

Aqueous Pressure: 0 Aqueous Total As Concentration: Not set

Aqueous Total Ba Concentration: Not set Aqueous Total Cd Concentration: Mot set

Aqueous Total Dissolved Solids Concentration: 3256 Aqueous Total Pb Concentration: Not set

Aqueous benzene Concentration: Not set Aqueous naphthalene Concentration: Mot set

Aqueous phenol Concentration: Mot set Gas Pressure: Mot set

Gas Saturation: Mot set pH: 2585 W

Set up the solution space using ...

union of scenarios intersection of scenarios union of sensors intersection of sensors

Launch Curwertel] [ Launch Vlsuahzatlun] [ < Back ]l Mext =
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User Interface Workflow: Configuration Details

D DREAM Wizard

DREAM

Designs for Risk Evaluation and Management

Fix the minimum required number of triggered sensors to signify a leak.

Monitoring Parameter Minimum Triggered Sensors

pH 2

Agueous Total Dissolved Solids Concentration

Owverall Minimum Required

Launch Comrertel] ’ Launch Visualiza’(ion] ’ < Back ” Next =

Configuration Settings

Cost

Maximum Number of Wells

Add point

Use average time to detection

Launch Comrertel] ’Launch\."isualiza’(ion] ’

ENERGY o 221 e 5 NRAP
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Exclude Locatli

User Interface Workflow

NRAP
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’Launch Comrertel] ’Launch\hsuahza’non] ’

HATIGNAL LABORATORY

oﬁ;Alamos

57

lLaunch Google map (needs internet connection}l

57l

571
TL

2057.7969 2153.5486 22301501 2291.4312 2340.456 2379.6758 2411.0518 2436.1528 2456.2334 2472.2979 24851494 24954307 2504.5693 2514.8506 2527.7021 25¢

Designs for Risk Evaluation and Management

DREAM

Deselect unapproved or infeasible monitoring locations.

Exclude Locations
YX

6598.2266
6685.2246
6754.822
6810.5
6974.83
6986.507
6995.548
7004532
IN1E BNt

6960.235

4959.0347
5373.87
5705.7383
5871.2334
6183.6294
6353.547
6489.4735
6855.043
68906772
6919.1846
6941.99

D DREAM Wizard
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Exclude Locatli

User Interface Workflow

[
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l
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Mext =

|

)]

< Back
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Pacific
Northwest

79 245351494 24954307 2504.5693 2514.8506 2527.7021 25

)]

)]

=71
’Launch Comrertel] ’Launch\hsuahza’non] ’

HATIGNAL LABORATORY

oﬁ;Alamos

57

lLaunch Google map (needs internet connection}l)

57l

571
TL

2057.7969 2153.5486 22301501 2291.4312 2340.456

Designs for Risk Evaluation and Management

DREAM
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Exclude Locations

6598.2266
6685.2246
6754.822
6810.5
6974.83
6986.507
6995.548
7004532
IN1E BNt

6960.235

VX
49500347
5373.87
5705.7383
5071.2334
6183.6204
6353547
64804795
£855.043
68906772
60191846
604199

D DREAM Wizard
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User Interface Workflow: Exclude Locations

D DREAM Wizard

[0 |

b693 2514.8506 2527.7021 25¢

k
EEEBEEEEEEEEEEEREEE-

EEEBEEEEEEREEEEEEEEEE

EEEBEEEEEEREEEEEEEEEE

46.3729672

Latitude

-119.2561704

Longitude

NRAP
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Northwest
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User Interface Workflow: Solution Settings

D DREAM Wizard

DREAM

Designs for Risk Evaluation and Management

Scenario set: e ’Seiect an output dilecton_.r]
Data loaded:

Scenarios: [run_108, run_108, run_119, run_107, run_118, run_106, run_117, CAUserstruprd04Desktop' DREAMwebinar_results

run_105, run_116, run_104, run_115, run_103, run_114, run_102, run_113,

run_101, run_112, run_100, run_111, run_110] Run lterative Procedure 1
Default probabilities: {run_103=0.05, run_111=0.05, run_105=0.05,

run_110=0.05, run_106=0.05, run_108=0.05, run_101=0.05, run_112=0.05, Configurations to test 1000

run_109=0,05, run_100=0.05, run_107=0,05, run_117=0.05, run_115=0.05,

run_118=0.05, run_104=0.05, run_114=0.05, run_113=0.05, run_119=0.05,

run_102=0.05, run_116=0.05}

’ Run Full Enumeration ] ’]JK to XYZ]

m

User settings:
Add point: {0, 0, 0) Run Random Sample 20
Mazx wells: 10

Iterations: 1000
Cost constraint: 500.0 Cloud,daty

Launch Colwertel] ’ Launch Uisuaiiza’(ion] E < Back i| Mext =
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User Interface Workflow: Solution Settings

D DREAM Wizard

DREAM

Designs for Risk Evaluation and Management

Scenario set: e ’Seiect an output dilecton_.r]
Data loaded:

Scenarios: [run_108, run_108, run_119, run_107, run_118, run_106, run_117, CAUserstruprd04Desktop' DREAMwebinar_results

run_105, run_116, run_104, run_115, run_103, run_114, run_102, run_113,

run_101, run_112, run_100, run_111, run_110] Run lterative Procedure 1
Default probabilities: {run_103=0.05, run_111=0.05, run_105=0.05,

run_110=0.05, run_106=0.05, run_108=0.05, run_101=0.05, run_112=0.05, Configurations to test 1000

run_109=0,05, run_100=0.05, run_107=0,05, run_117=0.05, run_115=0.05,

run_118=0.05, run_104=0.05, run_114=0.05, run_113=0.05, run_119=0.05,

run_102=0.05, run_116=0.05}

’ Run Full Enumeration ] ’]JK to XYZ]

m

User settings:
Add point: {0, 0, 0) Run Random Sample 20
Mazx wells: 10
Iterations: 1000
Cost constraint: 500.0 Sloud data BD
- -
Launch Colwertel] ’ Launch Uisuaiiza’(ion] E < Back i| Mext =
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User Interface Workflow: Solution Settings

D DREAM Wizard

DREAM

Designs for Risk Evaluation and Management

Scenario set: e ’Seiect an output dilecton_.r]
Data loaded:

Scenarios: [run_108, run_108, run_119, run_107, run_118, run_106, run_117

C\Users\ruprd04\Desktop\DREAMwebinar'_results
- -

run_105, run_116, run_104, run_115, run_103, run_114, run_102, run_113, - & | = = = i : h
run_101, run_112, run_100, run_111, run_110] Run Iterative Procedure | 1 | £| Best possible time to detecti

Default probabilities: {run_103=0.05, run_111=0.05, run_105=0.05, - R ——
run_110=0.05, run_106=0.05, run_108=0.05, run_101=0.05, run_112=0.05, Configurations to test 1000 D in detected scenarios: 10.0 -
run_109=0,05, run_100=0.05, run_107=0,05, run_117=0.05, run_115=0.05, : .
run_118=0,05, run_104=0.05, run_114=0,05, run_113=0,05, run_119=0.05, [ un FullEnurmeration | [1kto Detected scenarios: 20/20
run_102=0.05, run_116=0.05}

User settings:
GRIEmis 0 0} 0 Run Random Sample 20
Mazx wells: 10
Iterations: 1000
Cost constraint: 500.0 Cloud data B

Launch Colwertel] ’ Launch Vis|
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User Interface Workflow: Solution Settings

DIREAN EETEET
‘ AR

P s Initial Configuration Best Configuration
MNew configuration TTD (detecting scenarios only) Best configuration TT(
200 -
200
175
176
150
150
c
Z 128 5
§ = 125
it
5 1 o
E = 100
w =]
E ™ E 75
E
50 50
25 25
] - ]
SIS L IS HE A LR Fadddy
fteratian
MNew Configuration Current Configuration
[ ] | D] [4]
80
176
BO
160
g 70
oy
=]
\ 5 I
| _% FE T 80
] g =
= 100 E
j=] [=
2 g ”
[
E 75 o
50 20
10
25
o
BEHPTEEEFE RS LRI EPL EE
Scenario
L4 | ] | Dl [d | ] | [»]
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User Interface Workflow: Solution Settings

ECIEE 20 L. W=

[

Best Configuration

X

5 1t (S S|
MNew configuration TTD (detecting scenarios only) Best configuration TTD when detected in 60% or more
200 i I T T scenarios
200
175
176
150
150
c
Z 128 5
§ = 125
it
B 100 g
S = 100
© S
E ™ E 75
E
50 50
25 25
o o
PrFPTEREFEETRPTEEE RS PrFPTEREFEETRPTEEE RS
Iteration Iteration
[ I | D] [4] ] | []
=li]
176
B8O
160
g 70
oy
=]
g Z B0
= 125
= E
[iE)
i g =
= 100 %
j=] [=
40
E 8
[
E 75 e
50 20
10
25
o
R RRE RN S LT LLLESS DL LS
FrOPFTEEEFEET ST ELLFS lteration
Scenario
4 | ] | [ 4 | ] |

Current Configuration
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Organize « Include in library - Share with «

User Interface Workflow: Output

Burmn MNew folder

'L‘ZF&\
M|
"N
E=23)
Er

& Lib
B
@b
=P

By

&«
cal
L s
s
P
@ h

)

-

MName

best_configurations.csv
@ objective_summary_best.csv
objective_summary_current.csv

@ objective_summary_new.csv
run_{_best.csv

@ run__current.csv

@ run_{_new.csv
@ run_1l_best.csv
@ run_l_current.csv
run_1l_new.csv
@ run_2_best.csv
run_2_current.csv
@ run_2_new.csv
run_3_best.csv
@ run_3_current.csv
run_3_new.csv
@ run_4_best.csv
run_4_current.csv
@ run_4_new.csv
run_5_best.cow
@ run_5_current.csv
run_5_new.csv
@ run_b_best.csv
@ run_6_current.csv
@ run_f_new.csv
@ run_7_best.csv
run_7_current.csv
@ run_7_new.csv
run_8_best.csv
@ run_8_current.csv
run_8_new.csv
@ run_9_best.csv
run_9_current.csv
@ run_9_new.csv

34 items

U.S. DEPARTMENT OF

Date modified

11/9/2015 5:46 PM
11/9/2015 5:46 PM
11/9/2015 5:46 PM
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11/9/2015 5:43 PM
11/9/2015 5:43 PM
11/9/2015 5:43 PM
11/9/2015 5:43 PM
11/9/2015 5:43 PM
11/9/2015 5:43 PM
11/9/2015 5:43 PM
11/9/2015 5:43 PM
11/9/2015 5:46 PM
11/9/2015 5:46 PM
11/9/2015 5:46 PM

Type

Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
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User Interface Workflow: Output

.. » DREAMwebinar » _results Search _results

Share with « Burmn MNew folder

Organize « Include in library -

=

MName Date medified Type Size

W Fan
MC @ best_configurations.csv 11/9/2015 5:46 PM Microsoft Excel C... 12 KB
11/9/2015 5:46 PM Microsoft Excel C...

Formulas

ol A
oA

3 AutoSum - ﬂ [ﬁ

@] Fill =
Sort& Find &
Clear =

é ﬁ Normal Bad Good g.-‘:gh @‘ @
Conditional Neutral Check Cell Insert Delete Format

%Fi Wrap Text

General b

5"[-!|

@ Merge & Center ~

28 Scenarios with Leak Detected %

A B E D

1 |Scenari05 with Leak Detected % | ave rage ETFD of Successful Scenarios  Range of ETFD over Successful Scenarios  Scenarios Sensor Types (xy z)
2 100 11 [10.0 20.0] Agueous Total Dissolved Solids Concentration (2490.8608 7009.066 0.0) Agueous” pH (2500.0 pH (2490.8 Aqueous Total Dissol
3 100 11 [10.0 20.0] Agueous Total Dissolved Solids Concentration (2465.1577 7155.358 0.0) pH {2500.0 pH (2430.8 Aqueous ~ Aqueous Total Dissol
i 2 100 11 [10.0 20.0] Agqueous Total Dissolved Solids Concentration (2500.0005 7066.1675 0.0) Agueous” pH (2500.0 Agueous ~ pH (2490.8608 7003.0)
= 5 100 11 [10.0 20.0] Agqueous Total Dissolved Solids Concentration {2500.0005 6991.6978 64.76973) pH (2480. pH (2500.0 Aqueous ~ Aqueous Total Dissol
6 100 11 [10.0 20.0] Agqueous Total Dissolved Solids Concentration (2500.0005 6991.6978 20.501572)  Agueous ™ pH (2509.1 pH (2500.0 Aqueous Total Dissol
7 100 11 [10.0 20.0] Agqueous Total Dissolved Solids Concentration {2490.8608 7040.2153 20.501572)  pH (2500.( Aqueous ~ pH (2490.f Aqueous Total Dissol
8 100 11 [10.0 20.0] Agqueous Total Dissolved Solids Concentration (2424.9966 7103.026 0.0) Agueous” pH (2500.0 Aqueous " pH (2490.8608 7009.0
100 11 [10.0 20.0] Agqueous Total Dissolved Solids Concentration {2509.1382 6991.6978 64.76973) pH (2500.0 Aqueous ”~ pH (2480.f Aqueous Total Dissol
100 11 [10.0 20.0] Agqueous Total Dissolved Solids Concentration (2490.8608 6981.316 12.927921) pH (2500.C Aqueous " Aqueous " pH (2509.1382 7009.0
100 11 [10.0 20.0] Agqueous Total Dissolved Solids Concentration (2479.438 7103.026 6.143791) Agqueous” pH (2500.0 Aqueous ~ pH (2450.8608 7009.0
100 11 [10.0 20.0] Agqueous Total Dissolved Solids Concentration (2500.0005 7009.066 6.143791) pH (2430.8 Aqueous " Aqueous " pH (2500.0005 7021.9
100 11 [10.0 20.0] Agueous Total Dissolved Solids Concentration {2490.8608 7066.1675 12.927921)  pH (2490.f Aqueous~ Aqueous ~ pH (2500.0005 7021.9)
[ 100 11 [10.0 20.0] Agqueous Total Dissolved Solids Concentration {2500.0005 7040.2153 20.501572)  pH (2509.] Aqueous " Aqueous ~ pH (2500.0005 7009.0
15 100 11 [10.0 20.0] Agqueous Total Dissolved Solids Concentration {2520.563 7040.2153 12.927921) Agqueous” pH (2509.1 Aqueous ~ pH (2500.0005 7021.9
16 100 11 [10.0 20.0] Agqueous Total Dissolved Solids Concentration (2447.309 7155.358 6.143791) Agueous” pH (2500.0 pH (2430.; Aqueous Total Dissol
17 100 11 [10.0 20.0] Agqueous Total Dissolved Solids Concentration {2500.0005 6399.9985 50.586338)  Aqueous” Aqueous ™ pH (2450.8 pH (2500.0005 7009.0
18 100 11 [10.0 20.0] Agqueous Total Dissolved Solids Concentration (2509.1382 7103.026 0.0) pH {2500.0 pH (2490.§ Aqueous ~ Aqueous Total Dissol
19 100 11 [10.0 20.0] Agueous Total Dissolved Solids Concentration {2500.0005 7040.2153 6.143791) pH (2500.( Aqueous ~ Aqueous ~ pH (2430.8608 7009.0
20 100 11 [10.0 20.0] Agqueous Total Dissolved Solids Concentration {2509.1382 6981.316 29.073002) Agueous” pH (2500.0 pH (2500.0 Agueous Total Dissol
21 100 11 [10.0 20.0] Agueous Total Dissolved Solids Concentration (2447.309 7103.026 0.0) Agqueous” pH (2500.( Aqueous ~ pH (2450.8608 7009.0
22 100 11 [10.0 20.0] Agqueous Total Dissolved Solids Concentration {2509.1382 6991.6978 38.94553) pH {2500.0 pH (2430.8 Aqueous ~ Aqueous Total Dissol
23 100 11 [10.0 20.0] Agueous Total Dissolved Solids Concentration {2520.563 6999.9985 38.94559) pH (2430.§ Aqueous ” Aqueous ” pH (2500.0005 7009.0
24 100 11 [10.0 20.0] Agqueous Total Dissolved Solids Concentration {2500.0005 6991.6978 64.76973) pH {2500.0 Aqueous ~ pH (2480.t Aqueous Total Dissol
25 100 11 [10.0 20.0] Agueous Total Dissolved Solids Concentration (2509.1382 7009.066 0.0) pH (2430.8 Aqueous " pH (2500.( Aqueous Total Dissol
26 100 11 [10.0 20.0] pH {2500.0005 7005.066 0.0) Agueous” pH (2450.t Aqueous - Aqueous Total Dissol
27 100 11 [10.0 20.0] Agueous Total Dissolved Solids Concentration {2479.438 7009.066 0.0) Agqueous” Aqueous” pH (2500.0 pH (2430.8608 7009.0
28 100 11 [10.0 20.0] Agqueous Total Dissolved Solids Concentration (2509.1382 6981.316 64.76573) pH {2480.8 Aqueous ~ pH (2500.0 Aqueous Total Dissol
29 100 11 [10.0 20.0] Agueous Total Dissolved Solids Concentration (2490.8608 7009.066 0.0) pH (2500.0 pH (24390.f Aqueous ~ Aqueous Total Dissol
30 100 11 [10.0 20.0] Agqueous Total Dissolved Solids Concentration {2500.0005 6981.316 29.073002) Agueous” pH (2500.0 pH (2500.0 Agueous Total Dissol

31

100 11 [10.0 20.0] pH (2500.0005 7021.936 0.0)
Agueous Total Dissolved Solids Concentration (2479.438 7040.2153 6.143791]
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Organize « Include in library - Share with «

User Interface Workflow: Output

Burmn MNew folder
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MName

best_configurations.csv
@ objective_summary_best.csv
objective_summary_current.csv

@ objective_summary_new.csv
run_{_best.csv

@ run__current.csv

@ run_{_new.csv
@ run_1l_best.csv
@ run_l_current.csv
run_1l_new.csv
@ run_2_best.csv
run_2_current.csv
@ run_2_new.csv
run_3_best.csv
@ run_3_current.csv
run_3_new.csv
@ run_4_best.csv
run_4_current.csv
@ run_4_new.csv
run_5_best.cow
@ run_5_current.csv
run_5_new.csv
@ run_b_best.csv
@ run_6_current.csv
@ run_f_new.csv
@ run_7_best.csv
run_7_current.csv
@ run_7_new.csv
run_8_best.csv
@ run_8_current.csv
run_8_new.csv
@ run_9_best.csv
run_9_current.csv
@ run_9_new.csv

34 items

U.S. DEPARTMENT OF

Date modified

11/9/2015 5:46 PM
11/9/2015 5:46 PM
11/9/2015 5:46 PM
11/9/2015 5:46 PM
11/9/2015 5:43 PM
11/9/2015 3:43 PM
11/9/2015 5:43 PM
11/9/2015 5:43 PM
11/9/2015 5:43 PM
11/9/2015 5:43 PM
11/9/2015 5:43 PM
11/9/2015 5:43 PM
11/9/2015 5:43 PM
11/9/2015 5:43 PM
11/9/2015 5:43 PM
11/9/2015 5:43 PM
11/9/2015 5:43 PM
11/9/2015 5:43 PM
11/9/2015 5:43 PM
11/9/2015 5:43 PM
11/9/2015 5:43 PM
11/9/2015 5:43 PM
11/9/2015 3:43 PM
11/9/2015 5:43 PM
11/9/2015 5:43 PM
11/9/2015 5:43 PM
11/9/2015 5:43 PM
11/9/2015 5:43 PM
11/9/2015 5:43 PM
11/9/2015 5:43 PM
11/9/2015 5:43 PM
11/9/2015 5:46 PM
11/9/2015 5:46 PM
11/9/2015 5:46 PM

Type

Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
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User Interface Workflow: Output

. » DREAMwebinar » _results -

[l o5

Search _results

Organize « Include in library - Share with « Burmn MNewp—=- - =l
It Fan MName : Date modified E 100 — 1T T y
MC @ best_configurations.csv 11/9/2015 5:46 ; X Simulated Annealin a
8 T L objective_summary_best.csv 192015546 & a0 - Procedures
3L El objective_summary_current.csv 11/9/2015 5:46 _;j:l —=— runi
:‘:-_'_' R @ objective_summary_new.csv 11,/9/2015 5:46 g A —=— runi
(] run_0_best.csv 1/9/2015543] o GO0 —=— run?
& Lib @ run_0_current.csv 11/9/2015 543 % n3
@ L @ run_{_new.csv 11,/9/2015 543 % —=— rund
@ N B run1_best.csv wemorssas| 5 40 —&— uns
—
&= P @ run_l_current.csv 11/9/2015 5:43 = —= run7
g[] 5 @ run_l_new.csv 11/9/2015 5:43 E 20 - —& runs
BV & un2besteoy 11/9/2015543] g —&— rung
B run_2_current.csv 11/9/2015 5:43 5
1 Co @ run_2_new.csv 11/9/2015 5:43 C’:’j 04
& ¢ Erun3 bestesy 11/9/2015 5:43 I I I I | I
cal @ run_3_current.csv 11,/9/2015 5:43 0 500 1000 1500 2500 3000
s @ run_3_new.csv 11,/9/2015 5:43 lterations
s @ run_4_best.csv 11/9/2015 543 PM Microsoft Excel C... 179KE
L p @ run_4_current.csy 11/9/2015 5:43 PM Microsoft Excel C... 174 KB |I]

L h @ run_4_new.csv
@ run_5_best.cow
ej Me @ run_5_current.csv
@ run_5_new.csv
@ run_b_best.csv
@ run_6_current.csv
@ run_f_new.csv
@ run_7_best.csv
@ run_7_current.csv
@ run_7_new.csv
@ run_8_best.csv
@ run_8_current.csv
@ run_8_new.csv
@ run_9_best.csv
@ run_9_current.csv

@ run_9_new.csv

l 34 items

11/9/2015 5:43
11/9/2015 5:43
11/9/2015 5:43
11/9/2015 5:43
11/9/2015 543
11/9/2015 5:43
11/9/2015 5:43
11/9/2015 5:43
11/9/2015 5:43
11/9/2015 5:43
11/9/2015 5:43
11/9/2015 5:43
11/9/2015 5:43
11/9/2015 5:46
11/9/2015 5:46
11/9/2015 5:46

200

150 —

100 —

E[TFD] fvears)

Simulated Annealing

Procedures
—=— runi
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—Z— runz

run3
—=— rund
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—=— runy
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Path Forward and QA/QC

Development Stage

« Decision support to rank identified configurations

« Merge “like” configurations, where sensor locations and types are
neighbors

Quality Assurance
« Lack of real-world data to verify/validate against
* Internal and external reviews of DREAM application problems
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Beta Tool and User Manual Available on EDX

NRAP Tool Beta-Testing Portal

(DJ:ETL National Energy Technology Laboratory

=M\

= iﬁl\ NETL's Energy Data eXchange

Home Search My EDX Contribute
A / Blog

NRAP Tools Beta Testing

News Archive Blog Archive Refer a Friend Contact

‘Se/: ¢h EDX now Q ‘ Login Join

My Workspaces Groups EDXtools EDXportfolios About Help

NRAP

Would you like to participate in NRAP tools beta testing?

The National Risk Assessment Partnership (NRAP) has developed a set of simulation tools that we are making available for Beta Testing by
the CCS research and industrial communities. These tools are in draft form and the project team is seeking input from interested testers;
they are not suitable for commercial deployment at this point. The tools, described briefly below, are useful to help evaluate several parts of
the carbon storage subsurface containment system (e.g., reservoirs, seals, wells, and aquifers), as they relate to two major types of
environmental risks: leakage and induced seismicity.

DREAM tool User’s Manual

DREAM tool for PC and Mac

D DREAM Wiard

DREAM

Designs for Risk Evaluation and M

recuiremerts and budgetary constuints

nformaticn see wwvrnetldoegoy

IRAP

National Risk Assessment Partnership

DREAM! wes develaped a5 part of the Netionsi Risk Assessment Parnership, For mare

A
W Lawrence Livermore
4 » Los Alamos  pacific Northwest

Primary contaet Yokotski .
Email cotherine nuprecht@prnl gov
Venion 10

Devalogars: Porte, E: Radriguer, L.

National Laboratory

NRAP

u—uu—-—-'-

ENERGY

N=TL

Designs for Risk Evaluation and
Management (DREAM) Tool User’s
Manual

XX August 2015

DRAFT - Do not cite or quote

Office of Fossil Energy

NRAP-TRS-111-00X-2015

www.edx.netl.doe.gov/nrap

Launeh Comverter] [ Launcn Viusization Nzt >
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http://www.edx.netl.doe.gov/nrap

Related Articles

Special Issue

Yonkofski, C.R., Gastelum, J.A., Porter, E.A., Rodriguez, L.R., Bacon, D.H.,
and Brown, C.F., 2015. An Optimization Approach to Design Monitoring
Schemes for CO2 Leakage Detection. IIGGC NRAP Special Issue. In
Review.

Thresholds

Last, G.V., Murray, C.J., Brown, C.F., Jordan,P.D., Sharma, M., 2013. No-
Impact Threshold Values for NRAP’s Reduced Order Models. Pacific
Northwest National Laboratory. PNNL-22077.
http://www.pnnl.gov/main/publications/external/technical _reports/PNNL-
22077 .pdf

Example

Hou, Z., Bacon, D. H., Engel, D. W., Lin, G. , Fang, Y., Ren, H. , Fang, Z.
2014. Uncertainty analyses of CO2 plume expansion subsequent to
wellbore CO2 leakage into aquifers. International Journal of Greenhouse
Gas Control. 27: 69-80.
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Schedule for NRAP Tool Webinar Series

Date/ Time Tool Presenter(s)
October 13 Integrated Assessment Model-Carbon Rajesh Pawar
Time: 1pm ET Storage (NRAP-IAM-CS)

(2.5 hours)

October 19 Natural Seal ROM (NSealR) Nicolas Huerta, Ernest Lindner
Time: 1pm ET (1 hour)
October 26 Reservoir Evaluation and Visualization
Time: 1pm ET (REV) Tool (1 hour)
November 2 Wellbore Leakage Analysis Tool (WLAT) Nicholas Huerta
Time: 1pm ET (1.5 hour)
November 9 Aquifer Impact Model (AIM) (1.5 hour) Diana Bacon
Time: 1pm ET
November 16 Design for Risk Evaluation and Monitoring  Catherine Ruprecht Yonkofski
Time: 1pm ET (DREAM) (1 hour)

November 30

Short Term Seismic Forecasting (STSF)

Time: 1pm ET (1 hour)
December 7 TBD
Time: 1pm ET

Josh White, Corinne Bachman

Check for updates at www.edx.netl.doe.gov/nrap
I

[;’v U.S. DEPARTMENT OF

)ENERGY NETL ey b obemes e NRAP

T National Risk Assessment Partnership



http://www.edx.netl.doe.gov/nrap

Questions?

Designs for Risk Evaluation and
Management (DREAM) tool

Questions/comments not addressed during the
scheduled meeting time can be addressed to
NRAP@netl.doe.gov
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process, or service by trade name, trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any agency thereof. The views and opinions of authors expressed
herein do not necessarily state or reflect those of the United Stated Government or any agency thereof.

I

R, U.S. DEPARTMENT OF

National Risk Assessment Partnership




Support Slides

Simulated annealing algorithm
pseudo-code

U.S. DEPARTMENT OF

Set x, = X, = X, = X;
Setk=1
Set T=100
While (k < the total number of iterations to
be performed)
If Z(x,,) < Z(x.) then

Set x, = x,,
If Z(x.) < Z(x)
Set x,, = X,
Else
T=T%0.99
Set r=U(0,1)
Z(xn) — Z(x¢)
Ifr<e T
Set x. = X,
Set x,, to be a mutation of x,
k=k+1
End while
Return x,
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Support Slides

For each time step t in realization w
For each sensor s in configuration x
If simulated value at location of s
exceeds alarm signature of s
Salarm = true
Next s
If inference signature is satisfied by x

Return t
Next t
Return 1,000,000

Inference model pseudo-code to calculate time to first detection for
a specified configuration.
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