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Resilience Analysis

the resilience of HCI ke (b . %
and HF—supprly chains to a e R
hurricane 2 : ?

m Analysis needs:
v/ Scenario description
- Data
v Model and simulation capabilities
\/Integrating framework

Probability of Power Qutage
Portland 0-25 25-50 50-75 75-100

m This presentation focuses on By comes v g
meeting the data needs by o, |
developing and using the project’s . .
chemical database Estimated Power Outages &

Restoration Times
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The Chemical Data Model (CDM)

(CDM) provides the data

foundation for the project.

N-ABLE™

m All models are driven from
the same set of core input
data.

m Differences in model output
are due to modeling
approaches, not disparate

Chemical Data Model

Systems Analysis S FASTMap

input datasets. =
. . . FAIT
[ Durlng thIS presentatlon, we
will discuss CDM contents
and process.
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CDM Contents

- m Project models and analysis tools need the following information:
* Plant facilities * Consumption
— Name — Categories
— Location (address and geocodes) — Locations
* Facility productions — Quantities
— Chemical types * Imports/exports
— Quantities — Locations
— Processes — Quantities
* Infrastructure dependencies * Other factors
— Transportation (rail, pipeline, — Economics
etc.) — Population distribution
— Energy (electric power, natural — Emergency services
gas, petroleum products)
— Quantities
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Integrated NISAC Data Sets

Taxonomies

Spatial Layers

'

Asset List

Cver 400 sector-
specific spatial
datasets

v v v ¥
Energy Spatial Layers Banking & Finance Chemical
Banks from Federal SRI Consulting World Directory
o Al Reserve Bank of Chemical Producers
Perwell HSIP Gold Hospitals Dun & Bradstreet SRI Consulting World

Financial Institutions

Petrochemical Program

HSIP Gold Energy

Cun & Bradstreet Health
Care

HSIP Gold Banking and

Finance

SRI Consulting Chemical
Economics Handbook

Y

HSIP Gold Blood and
Organ Banks

HSIP Gold Ambulance
Surgical Facilities

v

¥

HSIP Gold Qil & Gas Facilities

EPA Toxic Release Inventory

E-Plan, Emergency Response
Information System

¥

Energy Data

Public Health Data

Banking and Finance

Data

Chemical Data Relational
Model
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Non-spatial Data:

IMPLAN

BTS
BLS
Census
BEA

t

Base Spatial Data:
Counties
Major Cities
Streets
Rivers
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— Dataset Name

Chemical Source Datasets

Provider

| world Petrochemicals Program 2009

SRI Consulting

Chemical Economics Handbook 2009

SRI Consulting

Directory of Chemical Producers 2009

SRI Consulting

Oil & Gas Pipelines

NGA HSIP Gold 2008 (PennWell)

Oil & Gas Facilities

NGA HSIP Gold 2008 (PennWell)

United States Census 2000

U.S. Census Bureau

County Business Patterns 2007

U.S. Census Bureau

County Business Patterns Employees
Estimation 2007

U.S. Census Bureau

Geographic Names Information System

U.S. Geological Survey

IMPLAN States Summary 2002

Minnesota IMPLAN Group

International Trade Statistics 2007

U.S. Department of Commerce

Refinery Location Data

Argonne National Laboratory*

2005 Commodity Flow Survey, Department of
Transportation

2005 Waybill Sample, Surface Transportation
Board

2007 Class | Railroad Statistics, Association of
American Railroads

2007 Producer Price Index, Department of
Labor

E-Plan Emergency Response Information
System

U.S. Environmental Protection Agency/U.S.
Department of Homeland Security

79

* Argonne data were updated
using 2007 domestic data
from the Energy Information
Administration (EIA) and
foreign data from SRI
Consulting.
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CDM Building Process

+thoer
LIk

o |
(@ |

rocess and integrate
- Merge datasets into a common,

Oracle-based framework .
m Authenticate W

- Ensure traceability i
e w

m Test

- Ensure compatibility with d-.,t
models

|
o

CHEMICALDATAMODEL

m [terate
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- data presents multiple challenges

—— = CHEMICAL DATA MODEL

Correct Fix

Chemical Nomenclature J J J

* Chemical name P
» Company name yes l
» Company address
* Production unit

* Production volume

t

Update needed based on

* Inconsistent mass balance

* Industry feedback

yes 14 * Transportation limitations
* New processes

* New market, etc.

~

Consolidate
redundant data

record?

Reaction

Consult

information L
: Literature
Available?
*FAIT
* Process technology
*‘N-ABLE™
yes | <
l *LOKI
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Example Queries of CDM:

Global Benzene Producer Locations

File Edit View MNavigate Run Versioning Tools Help

Eoda 96 XEB0H O0-O- &

£l [B] nasacs =
| >R B8 @Red -]
: % 5 select CP.CHENICAL PLANT ID, CP.CHEMICAL PLANT NAME, C.CHEMICAL NAME, CP.PLANT LAT, CP.PLANT LON, CTRY.COUNTRY NAME &l
- 3| | Feo cEEM 2010.CHEMICAL € JOIN CHEM_2010.CHEMICAL_PLANT_ PRODUCTION CPP OM C.CHEMICAL ID = CPP.CHEMICAL_ID
——— JOIN CHEM_2010.CHEMICAL_PLANT UNIT CPU ON CPF.CHEMICAL PLANT UNIT_ID = CPU.CHEMICAL_PLANT UNIT IO
—_— JOTH CHEM_2010.CHEMICAL PLANT CP OH CPU.CHEMICAL PLANT ID = CP.CHEMICAL PLANT ID
_— JOIN CHEM_2010.COUNTRY CTRY O CP.COUNTRY_ID = CTRY.COUNTRY_ID
I ———— VHERE CHEMICAL _NAME = 'BENZENE'
__ X
avw
QSUJP! Dutpu@ x |Dsmmmmt Uutput x bquerv Result ®
A 2 @) B retched 50rowsin 0. 109 seconds
[ cremical_pLanT 1D ‘E[ CHEMICAL_PLANT_NAME ‘E} CHEMICAL_NAME ‘E[ PLANT_LAT \E[ PLANT_LON @ COUNTRY_MAME
1 1251 NAFTEC BENZENE 36.67212 6.8351 ALGERIA
2 1245 PETROBRAS ENERGIA 5. 4., PUERTO GENERAL SAN MARTIN BENZENE 34608142 -58.37637 ARGENTINA
3 1245 PETROBRAS ENERGIA 5.4, PLERTO GENERAL SAN MARTIN BENZENE 34608142 -58.37637 ARGENTINA
4 1247 REPSOL-YPF 5.4, ENSENADA BENZENE 34605934 -58.377471 ARGENTINA
5 1247 REPSOL-YPF 5.A. ENSENADA BENZENE 34605934 -58.377471 ARGENTINA
8 1247 REPSOL-YPF 5,4, ENSENADA BENZENE -34.605934  -58.377471 ARGENTINA |
7 1250 HUNTSMAN CHEMICAL AUSTRALIA BENZENE 37797701 144.879924 AUSTRALIA
8 1243 SLAVNEFT BENZENE 52.05 29,25 BELARUS
E] 1248 NAFTAN BENZENE 55.533333 28.65 BELARUS
10 1248 NAFTAN BENZENE 55,533333 28.65 BELARUS L
1 1244 BP CHEMBEL N.V.,GEEL BENZENE 51.115373 4.989855 BELGIUM
: 12 1245 VFT BELGIUM N.V., ZELZATE BENZENE 51204394 3.806435 BELGIUM
l 13 1243 FINA ANTWERP OLEFINS M.V, ,ANTWERPEN BENZENE 51,301277 4,385871 BELGIUM
14 1242 TOTAL RAFFINADERL] ANTWERPEN N.V. ANTWERPEN BENZENE 51274472 4326875 BELGIUM
15 1235 GERDAU ACOMINAS S.A.,OURD BRANCO BENZENE -19.935783  -43.934515BRAZIL
1 1239 COMPANHIA PETROQUIMICA DO SUL, TRIUNFO BENZENE -29,525606 -51.33714BRAZIL
17 1239 COMPANHIA PETROQUIMICA DO SUL, TRIUNFO BENZENE -29,825606 -51,33714ERAZIL
18 1239 COMPANHIA PETROQUIMICA DO SUL, TRIUNFO BENZENE -29,525606 -51.33714EBRAZIL
19 1238 USINAS SIDERURGICAS DE MINAS GERAIS 5.A., IPATINGA BENZENE 18892265 -43.877391BRAZIL
il 1237 PETROLEO BRASILEIRO 5.A.,CUBATAO BENZENE 22908671  -43.178413BRAZLL
21 1240 BRASKEM 5.A. CAMACART BENZENE 23550738 -46.724841BRAZIL
2 1240 BRASKEM 5.A. ,CAMACARI BENZENE 23550738 -%5.724841BRAZIL
23 1240 BRASKEM 5.A. CAMACART BENZENE 23550738 45.724841BRAZIL
24 1241 QUATTOR. PETROQUIMICA BENZENE 23657724 -%.488617BRAZIL
25 1241 QUATTOR PETROQUIMICA BENZENE 23657724 45.488617BRAZIL
% 1241 QUATTOR PETROQUIMICA BENZENE 23657724 -%.488617BRAZIL
27 1230 PARACHEM CHEMICALS,PETROCHIMIE COASTAL MONTREAL EAST BENZENE 45.633052  -73.518331 CANADA
] 1233 PETRO-CANADA, REFINERY, POINTE-AUX-TREMBLES BENZENE 51047541  -114.065267 CANADA
29 1233 PETRO-CANADA, REFINERY, POINTE -ALX TREMBLES BENZENE 51047541  -114.065267 CANADA

30
31

1235 SUNCOR. ENERGY PRODUCTS INC. ,SARNIA BENZENE 43.744307 -79,404051 CANADA
1234 SHELL CHEMICALS CAMADA LTD. ,SHELL CANADA PRODUCTS LTD. ,FORT SASKATCHEWAMN BENZENE 51.049893 -114.078276 CAMADA

4 SHFL | CHEMICA AMATLA HEL D 751D ASKATCHEWAN hZEN 40 AMADA

Line & Column 32 Insert | Modified | Window:

. U.S. Department of Homeland Se
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Example Queries of CDM: Merging
Multiple Data Sets

 Cremical Alses U

Eile Edit Tools Help
Sle
| Statistics | Chemical Aliases | Chemical Names | Chemical Famiies | Synonyms Groups | EPlan Facilties | DCP Facilties | WP Faciities | Facilties Matching | Matched Facilties |
EPlan
BENZENE CHEMICALMAME !Cnmpany Name |Fat: (v |Fac|hh,r Name |C| |State CHEM Chemjcal
' > 40087 | Aon USALP——BoSping |1 pursleeNzeRE
__i BASF Corporation - Free 406034 BASF Corporaticn - Free Frﬁepurl TX 471553 BENZENE
- 3| BASF FINA Petrochemic 423216 BASF FINA Petrochemic Port Arthur @ 465323 BENZENE
| | 4|BPTEXASCITYCHEMI 424658 BP TEXAS CITY CHEMII Texas City ™ 472753 BENZENE
5 BP TEXASCITYREFINE 402931 BP TEXAS CITY REFINE Texas City ™ 467243 BENZENE
ji Bayer MaterialScience L 428194 Bayer MaterialScience L BAYTOWN TX 455660 BENZENE
N t f A I 't = 7 |Channel Shipyard Comp 407200 Channel Shipyard Comp Baylown ™ 462137 BENZENE
o e sa m e acl I y Is _S_i Chemiczl Research & Li 473213 Chemical Rezsarch & Li Pazadens T 462553 BENZENE -
listed multiple times |
u p nCP
R a A = T T T
W|th S I Ig htly d Iffe re nt BENZENE CHEMICAL NAME ~ D |Plant Name Gty [State Country Chem | Chemical Nam =
——— ALON USA ENERGY INC..BIG SPRING| Big Spring 0 E
@ 7| 14362 BASF FINA PETROCHEMICALS LP.FO Fort Arthur T Urited States 0 Benzene
names T STATE +|| 3] 14363 BPAMERICA INC.TEXAS CITY Texas City ™ United States 0 Benzene
: | 4| 14384 BP AMERICA INC, TEXAS CITY Texas City TX United States 0 Benzene
I 14365 BP AMERICA INC, TEXAS CITY Texas City ™ Urited States 0 Benzene
: 14365 BF AMERICA INC. TEXAS CITY Texas City T Urited States 0 Benzene
| 14367 BP AMERICA INC. TEXAS CITY Texas City ™ United States 0 Benzene
| 14369 CHEVRON PHILLIPS CHEMICAL COM Fort Arthur T Uriited States 0 Benzene =
1 |
BENZENE [PlantiD__rit D] Company Hame [Plant Name Couniry Chem 'Chemlc:al =
1814410 I
fnd 38603 BASF Fina Petrochemici Port Arthur United States
UNITED STATES 20432 17370 BP Texas City United States 13543 Benzeme
20482 35344 BP Texas City United States 18548 Benzene
[:] 20482 36920 BP Texas City United States 18548 Benzene
20482 32655 BP Texas City United States 18548 Benzene
20482 17371 BP Texas City United States 18548 Benzene
[ Show Unmatched Only 16973 31145 CITGO Corpus Christi United States 18548 Benzene -
[ add tmteh 1 [ ouey | L

Benzene-Producing Facilities in Texas

_ U.S. Department of Homeland Se
-/ Science and T
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3| e

Eile  Edit

Tools  Help

Statistics | Chemical Aliases | Chemical Names | Chemical Families | Synonyms Groups | EPlan Failties | DCF Facilties | WP Facilties | Faciliies Matching | Matched Facilties |

Example Queries of CDM: Benzene Aliases

7] AutoWid [T Fuzzy Fist 1,000 Show Alissed

Fter BENZENE [Aias. -] [ - (Chemical Name ][ Guey |
Source Name | Alizs | Count | Modified | APPROVED |
1| BENZENE (DIESEL NO. 2-D) BENZENE 1 PSDOWNE 10/13/2008 PSDOWNE 4/20/2010 [E3]
2|BENZENE (1.5%) BENZENE 2 PSDOWNE 10/13/2003 PSDOWINE 4/20/2010 @
3|BENZENE CONCENTRATE STREAM (DARTMOUTH)  BENZENE 2 PSDOWNE 10/13(2009 PSDOVWINE 4/20/2010 (]
o £| BENZENE (THERMINOL 55 TRANSFER FLUID) BENZENE 1 PSDOWNE 1013/2008 PSDOVINE 4/20/2010 o
' E|BENZENE 99% BENZENE 1 PSDOWNE 10/13/2008 PSDOWNE 4/202010 7]
22 Different &| BENZENE (CONTINUED) BENZENE 7 PSDOWNE 1011312009 PSDOWNE 4/20/2010 =]
7| BENZENE CONCENTRATE BENZENE 1 PSDOWNE 10/13/2009 PSDOWNE 4/20/2010 @
2| BENZENE, UNLEAD BENZENE 1 PSDOWNE 10/13/2009 PSDOWNE 4/20/2010 =]
Terms for 9| BENZENE - STREAM 26 BENZENE 4 PSDOWNE 1013/2009 PSDOWNE 41202010 (=]
10| BENZENE [GASOLINE) BENZENE 2 PSDOWNE 101132009 PSDOWNE 4/20/2010 (7]
&€ Be nzen e’ ) 11| BENZENE {UNLEADED GAS) BENZENE 1 PSDOWNE 10/13/2009 PSDOWNE 4/20/2010 [+
12| BENZENE, RECOVERED BENZENE 2 PSDOWMNE 10132009 PSDOVINE 4/20/2010 =]
13| BENZENE EENZENE 248 PSDOWNE 10/13/2008 PSDOWNE 4/202010 )]
14| BENZENE, 100% BENZENE 1 PSDOWNE 10/13/2008 PSDOWNE 4/20/2010 (]
15 BENZENE PRODUCT - STREAM 15 BENZENE 5 PSDOVWNE 1011312009 PSDOVINE 4/20/2010 @
16 BENZENE, CRUDE BENZENE 1 PSDOWNE 10/13/2009 PSDOWNE 4/20/2010 =]
17| BENZENE, 100% BENZENE 1 PSDOWNE 10/13/2009 PSDOWNE 4/20/2010 ]
18| BENZENE (BENZENE CONCENTRATE) BENZENE 1 PSDOWNE 10/13/2008 PSDOWNE 4/20/2010 @
13| BENZENE UNLEADED GASOLINE BENZENE 1 PSDOWNE 10/13/2008 FSDOVWNE 4/20/2010 [+
20| BENZENE, (ECA) BENZENE 3 PSDOWMNE 101132009 PSDOVINE 4/20/2010 =]
BEZENE, DICYCLOPENTADIENE & DTHERS (PYROLYSIS BENZENE 1 PSDOWNE 10/13/2003 PSDOWNE 4/20/2010 58]
BENZENE, 99.9+%, HFLC GRADE (270703) BENZENE 1 PSDOWNE 10/13/2008 PSDOWNE 4/20/2010 ()

U.S. Depa
Science a
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Relative Overlap of Chemical Supply Chains

- m Anticipated overlap
among different targeted

etrochemicals

chemical classes 2006-2008
Chlorine/
Example of chemicals associated with \ Ammonia
HF/HCI supply chains 2009

Industrial Gases

CHEMICAL NAMES CHC | CFC FC |[INORG|GASES 2010
1,1,1,2-tetrafluoroethane
1,1,1-Trichloroethane
1,1,2-trichloro-2,2,1 trifluroethane
1,2-dichlorotetrafluoroethane Industrial Acids
Acetylene 2010
Allyl Chloride
alumina
aluminum fluoride Inorganics
aluminum hydroxide 2010

ﬁ U.S. Department of Homeland Security g : .
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Locations of CFC and
CHC supply chain-
related chemicals in
Canada and the

United States
FORMALDEHYDE

HY DROGEN
LY GEMN
SULFURIC ACID

b
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CDM: Additional Attributes

m Data are secure (only approved users allowed to
access), and data are backed up on a regular basis.

m The majority of data structures are simple and allow for
ad-hoc query analysis outside of the modeling tools.

m Customized Oracle “views” of data are created to
simplify the more complicated data queries and
relationships (such as derived summary data).

mOracle tables are indexed for performance. Most
qgueries will return instantly.

" us. Department of Homeland Security

Sandia National Laboratories
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CDM: Highlights

u The chemical data model provides the foundation for
all models and analyses.

m Integrity of the CDM is paramount to ensuring validity
of project efforts.
m CDM development provides many challenges, such as

- Disparate datasets,
- Multiple names and aliases,

- Sparse data, and
- Verification.

B - U.S. Department of Homeland Security . >
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CDM: Highlights (continued)

-Thejp:rojeét has addressed these challenges through
- Innovative database design,

- Customized analysis tools,

- Consultation with industry,

- In-house subject matter expertise, and
- “Elbow-grease.”

mAdvances made this year are expected to facilitate
CDM expansion as the project continues.

e
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Backup Slides
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2010 CDM

HAZARD CouNTRY
CHEMICAL CHEMICAL_ALIAS CEMCHORY $HAZARD_D ¥ - e
ey X COUNTRY_ID OUNTRY
# CHEMICAL_ID RCHEMICAL_ID (1) @k1n) # CHEMICAL_FAMILY_ID - WCOUNTRY_ID FK)
HAZA 144 ¥
& CHEMICAL_NAME e F CHEMICAL ALIRS_NAME ¥ CHEMICAL_FAMILY_NAME K11y : uw\:g’gsim Lahb :EE&ZLRTE%E wan g o # COUNTRY_ALIAS_NAME
& CHEMICAL_NAME_NDED_CASE (AK21) & CHEMICAL_ALIAS_NAME_MIXED_CASE (A1) & CHEMICAL_FAMILY_DESCRIPTION e i AR t ST IBRE T
"% DATA_SOURCE_ID FK} % DATA_SOURCE_ID FK) % DATA_BOURCE_ID FK) % CREATED_BY 9 CREATED.BY SCREATED. @Y
& CREATED_BY . & CREATED_BY ¥ CREATED_BY sy X v i SO
e TE t il & CREATED_DATE @ CREATED_DATE @ CREATED_DATE
@ X  CREATED_DATE PLCATION % CREATE_APPLICATION ¥ CREATE_APFLICATION & CREATE_APPLICATION
3 CREATEAPFLICATION & CREATEAPPLICATION . :;E:TE;DAF :E“; p % LAST_UPDATED_BY % LAST_UPDATED_BY  LAST_UPDATED_BY
: us’v_tzmzs g_xﬁ Lo .. : us-rﬁ:mzn EE¥E : N{SPD:TEED‘;TE & LAST_UPDATED_DATE @ LAST_UPDATE_DATE ¥ LAST_UPDATE_DATE
. LAST_ X ] AST_L X A . PLICATON
& LAST_UPDATE_APPLICATION 1 | % LasT_UPDATE APPLICATION ¥ LAST_UPDATE_APPLICATION I UPORTE ¥ LAST_UPDATE_APPLICATION B LAST. LPDATE AFPLICATION
|
: T }{ !
A - - - - S N, S

T

% DATA_SOURCE_ID (FK)
@ CREATED_BY

¥ CREATED_DATE

¥ CREATE_APPLICATION

% DATA_SOURCE_ID (FK)
TECHNOLOGY

& CREATED_BY
# TECHNOLOGY_ID

pridiese 41
. Ll |
b Vol 1
T L |
T P |
. Ll |
Vo Pl
[ P | ' CHEMICAL_COMPANY_ALIAS
1 . ! 1 CHEMICAL _HAZARD EGION # CHEMICAL_COMPANY_ID
i R | ' W CHEMICALID (10 # RECION_ID RCHEMICAL_CONPANY_ID (FK)
[ [ | H CHEMICAL_FAMILY ASSIGNMENT RHAZARD_ID FI0) ¥ CHEMICAL_COMPANY_NAME (AK1.1) & CHEMICAL_COMPANY_ALIAS_NAME
P R | ! MCHEMICAL_ID (FK) —~ b e wa S BRIC-DOMPANY. ID % COUNTRY_ID (F
1 P i ! SRCHEMICAL FAMLY 10 K0 % DATA_SOURCE_ID (FK) % DATA_SOURCE_ID (FK) % COUNTRY_ID FK) .
1l ra ! i i i - % COMPANY_DIISION
o . | ! @ CREATED_BY & COMPANY_DMISION MPANY ADDRESS_1
i P ! ; % DATA_SOURCE_ID (FK) T | % CREATED_DATE % CREATED_DATE % COMPANY_ADDRESS._1 i j“’ Al -
. e | ' $ CREATED_BY | | % CREATE_APPUCATION  CREATE_APPLICATION % COMPANY ADDRESS_ 2 ' COMPANY_ADDRESS_2
I I | H # CREATED_DATE ! | 9LAST_UPDATED BY & LAST_UPDATED_BY @ COMPANY_CITY H @ cowmv_c_lr'r‘fr
b I I H ¥ CREATE_APPLICATION i ¥ LAST_UPDATED_DATE ¥ LAST_UPDATE_DATE & COMPANY_STATE M| S coMrANY. ETATE
b P | ' @ LAGT_UPDATED_BY | | #LAST_UPDATE apPLICATION  LAST_UPDATE_APPLICATION 9 COMPANY_POSTAL f @ COMPANY_POSTAL
' 12 ) H ¥ LAST_UPDATE_DATE H & COMPANY_PHONE 3 sourmi P
- 7

K K 2\ 2\}?\ i\ﬁ\ 3\ R ! ¥ LAST_UPDATE_APPLICATION i @ COMPANY_FAX COMPANY_FAX

H 1

|

'

H

H

i

¥ CREATED_DATE

|
|
|
1
|
|
|
|
|
|
|
|
|
¥ CREATED_BY |
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

T
‘i’ "r T & LAST_UPDATED_BY

& LAST_UPDATED_BY
& LAST_UPDATED_DATE
@ LAST_UPDATE_APPLICATION

% LAST_UPDATED_BY
 LAST_UPDATE_DATE
& LAST_UPDATE_APPLICATION

% CHEMICAL_ID (FK) (KLY AK21) JOREATEATTLIATION jLAST_UPOATED_EY
& TECHNOLOGY_DESC aK12) LAST_UPDATED_DATE
& TECHNOLOGY_DESC_MXED_CASE (AK22) . ﬁ;‘ﬁ; ;;ED;FD;‘EEC Ao @ LAST_UPDATE_APPLICATION
@WP_TECH_ID # DATA_SOURCE_ID — -
: ::«E’;ETESLDTD’?E(?S GEOLOCATION_METHOD & DATA_SOURCE_NAMI KT
SRR 3 GEOLOCATION_METHOD_ID % DATA_SOURCE_TIMEFRAME (FK) (AK1:2)
= & DATA_SOURCE_DESCRIPTION
" IN_CHEMICAL_ID2 (FK) & GEOLOCATION_METHOD  (AK1'1) & SOURCE_SCHENA
& IN_CHEMICAL_QUANTITY2 % DATA_SOURCELID () @ CREATED, BY CHEMICAL_PLANT_ALIAS.
e $ creAren_ov  creaTen_pare M CHEWOAPLWTD 0
% IN_CHEMICAL D4 FK) # CREATED_DATE & CREATE_APPLICATION ' F CHEMICAL_PLANT_ALIAS_NAME
- ¥ CREATE_APPUICATION PR & LAST_UPDATED_BY ® CHEMICAL_PLANT_ID
& IN_CHEMICAL_QUANTITY4 LAST_UPDATED. 8 T S LAET UFOATE. DATE P % COUNTRY_ID (FK)
& INTERM_CHEMICAL_ID1 (FK) & LAST_UPDATED_DATE ! & LAST_UPDATE_APPLICATION 3 CHEMICAL_PLANT_NAME (AK11) & PLANT_ADDRESS_1
@ INTERM_CHEMICAL_QUANTITY1 @ LAST_UPDATE. APPLICATION i - — % CHEMICAL_COMPANY_ID FK)  (AK1:2) & PLANT_ADDRESS_2
% INTERM_CHEMICAL_ID2 (FK) — — | % PLANT_TYPE bd @ PLANT_CITY
¥ INTERM_CHEMICAL_QUANTITY2 é J; ; % COUNTRY_ID (FK) % SRIC_PLANT_CITY_ID
" QUTPUT_CHEMICAL_ID1 (FK) [ et e - @ PLANT_ADDRESS_1 @ PLANT_STATE
& QUTPUT_CHEMICAL_QUANTITYT ] TECHNOLOGY_PLANT_CAPACITY | ! @ PLANT_ADDRESS_2 ¥ PLANT_ZPCODE -
% OUTPUT_CHEMICAL_IDZ (FK) ! WTECHNOLOGY_ID (FK) | i @ PLANT_CITY ¥ PLANT_LAT i
@ OUTPUT_CHEMICAL_QUANTITY2 ' MCHEMICAL_PUANT_UNIT_ID (FK) l I @ SRIC_PLANT_CITY_ID . @ PLANT_LON 1
% DATA_SOURCE_ID FKY I WBTIMEF RAME (FI) ' | & PLANT_STATE ' "% GEOLOCATION_METHOD_ID (FK) :
& CREATED_BY ] ! @ PLANT_ZIPCODE % DATA_SOURCE_ID (FK) '
¥ CREATED_DATE ] ¥ CAPACITY_AMOUNT TMEFRAME & PLANT_LAT & CREATED_BY '
& CREATE_APPLICATION ; @ STATUS FTMEFRAME | | % PLANT_LON @ CREATED_DATE :
& LAST_UPDATED_BY i " DATA_SOURCE_ID (FK) ! % GEOLOCATION_METHOD_ID (FK) 177 O & CREATE_APPLICATION .
¥ LAST_UPDATED_DATE ' & CREATED_BY i & DCP_PLANTID ! ¥ LAST_UPDATED_BY '
& LAST_UPDATE_AFPLICATION | % CREATED_DATE ! S WP_PLANTID | # LAST_UPDATED_DATE i
i ¥ CREATE_APPLICATION [ % DATA_SOURCE_ID (FK) ! % LAST_UPDATE_APPLICATION :
Tt e | $orean = :
A X \ i :
& LAST_UPDATE_APPLICATION | . g';z;g—?”:&lm " |oro<memcupwe
TECHNOLOGY_ALIAS ! 3 LAST_UPDATED_BY {1 [ cHemcaLpuaT_unT D ;
RTECHNOLOGY_ID (FK) K1) 1  LAST_UPDATED_DATE % CHEWCAL_PLANT_ID (i i
$ TECHNOLOOY_ALIAS. DESC | % LAST_UPDATE_APPLICATION SWP_UNTD ;
. 1 @ sTATUS ‘
& TECHNOLOGY_ALIAS_MIXED_CASE (AK1:2) T o o e % DATA_SOURCE_ID (FK) H
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Data Traceability

DATA SOURCE can be traced back to its

I | | I l :

I | | I l |

e I | | | I |

T T T T T : Every record in the CDM

|

|

|

|

|

source dataset. This

----------------- +— ¥ DATA_SOURCE_ID B merge
----------------- J—{ & DATA_SOURCE_NAME Ak T disparate datasets while

% DATA SOURCE TIMEFRAME (FK) (813 |-~ """~ ""====--- allowing for drill-down

{ DATA_SOURCE_DESCRIPTION back to the detailed

GS0URCE SCHEMA 0 oo TTTTTTTTT source if required.
“““““““““ — J CREATED_BY R

) CREATED_DATE Additionally, each

 CREATE_APPLICATION record contains an audit

W LAST UPDATED BY T trail that details
_________________ 4| LAST_UPDATE_DATE I information about

U LAST_UPDATE_APPLICATION record creation as well

as any subsequent
changes.

(1) Sandia National Laboratories




CDM: Chemicals

Data Source: SRI

il HEMICAL_ALIAS * W(()\:\Ilg)Pl;tirr:f:grr;iz?s
?CHEWCM"D RCHENICAL D (F) K1) Chem'c(?;g;;’d"cers
7 CHENICAL_NAVE WD 4 et B CHEMICAL_ALIAS_NANE
D CHEMICAL_NAME MIXED CASE (K1)

EDATA_EDURCEJD (FK] W CHEMICAL_ALIAS_NAME_MIXED_CASE (AKT:2) Alias names are stored

\.f CREATED BY !IHDATA_SOURCEJD (FK) to deal_wi.th AKAs,

) CREATED DATE (| \?CREATED_BY abbrewatlons,_ and

O CREATE_APRLICATION 7 CREATED_DATE ;';flr : ; t:,;':‘:'s"?f:'n

) LAGT_UPDATED BY ) CREATE_APPLICATION e A

 LAST_UPDATED DATE LAST_UPDATED_BY loading from disparate

O LAST_UPDATE_APPLICATION / LAST_UPDATE _DATE data sources.
DLAST URDATE APPLICATION

=

3) U.S. Department of Homeland Securi

“&”/;/ Science and Technol

@ Sandia National Laboratories




CDM: Technology

TECHHOLOEY
p—— B TECHNOLOGY_ID

Technologies tell us

- " CHEMEALID FB G B2 . .
-— i TEC HNOLOGY_DESC Y TECHHOLOSY AL 1S the I'9|atIOI'IShIpS
N i (P TECRNOWOGT ID FI) IR among chemicals
3 REACTIN_COMMENTS # TECHNOLOGY_ALIAS DESC (inputs and
] ® M_CHEMEAL D1 1 3 TECHHOLOGY_ALIS_MIKED_CASE Y e outputs).
3 IN_CHEME:AL 2 USNTITY B paTa_S0URCE D FIG
=] % IN_CHEMICAL IDZ FI) “# CRESTED_BY For examp|e, the
3 IN_CHEMEAL QUBNTTY “» :REATED_DATE
suz| W IN_CHEMICAL_ID3 (FIS “} CREATE APPLECATION data show 10
3 IN_CHEM AL G UANTITYS “# LAST_UPDATED BV different ways to
A [N_CHEMKCAL_ID FI 3 LAST_UPDATE_DATE
> G IN_CHEME:AL S USNTITYE i LAST_UPDATE_APPLIZATEN make/recover
“vaze] " INTERM_CHEMIZAL_IDT (I3 acetone.
3 INTERM_C HEMKZ AL_CUANTITY
a=] % INTERM_CHEMKCAL_IDZ (F1 I
3 INTERM_CHEMKZ AL_CUANTITYS I
a=| W CUTPUT_CHEMKZALIDY (FE : Data Source:
I

P OUTPUT_CHEMEZAL G UANTITY
S OUTPUT_CHEMECSLIDZGFE, e ——— - — - —— — — 4-———————————
P OUTPUT_CHEME AL QUANTITYS
S5 DATA_SOURCE_ID FF

“# CREATED_BY

“# CREATED_DATE

“# CREATE_APPLICATIGN

<3 LAST_UPDATED_BV !
“# LBST_UPDATED_DATE

3 LBST_UPDATE_APPLEZATEIN

SRI CEH

U.S. Department of Homeland

Science and T @ Sandia National Laboratories




R —

- —o]

COUNTRY_&L1S

-
WO UNTRY_ID FE
BOOUNTRY ALID NAME

% DATA_SOURCE ID (FI
“#CREATED_BY
“#CREATED_DATE

S CREATE APPLEATEN

< LAST_LIPDATED BV

W LAST_LIPDATE_DATE

% LAST_UPDATE_APPLEATIIN

COLUNTRY

F COUNTRY_ID

S COIINTRY_HAMF

S REGIOH_ID (FE)

B2 DATA_SOURCE D (FK

" CRESTED_BY

4 CRESTED_DATE

4 CRESTE_ARPLIZATION

3 LBST_UPDATED_BY

2 LAST_UPDATE_DATE

2 LAST_UPDATE APPLEZATKIN

BKLD

CDM: Countries and Companies

CHEMIZAL _COMPANY

BCHEMEALCOMPANY_ID

CHEMICAL COMPANT_NAME
SR COMPANY_ID

B COUNTRY_ID FI
SHCOMPANY_DIVEKH
FCOMPANY ADDRES |
“HCOMPANY_ADDRESS 2
SHCOMPANY MY
“PCOMPANY STATE
HCOMPANY _POETAL
HCOMPANY _PHONE
HCOMPANY_Fax

B DATA SOURCEID (FIS
“HCREATED_BY
“#CREATFM_N&TF
“}CREATE APPLEATHIN
“JLAST_LIPDATED_BY
“#LEST_UPDATED_DATE

W LAST_UPDATE_SPPLICATEIN

BKLD)

-*

CHEMICEL COMPENY LIRS

(e HEN AL CONPRNY 1D 1)
B CHEMEALCOMPANY ALIES HAME

B LG UNTRY_ID (FI)
STTMPANT_DIVEKN
<ACOMPANY ADDRESS |
“COMPENY ADDRERS 2
SHCOMPANY MY
ACOMPANY_STATE

PTOMPANY_POSTAL
“HCOMPANY_PHONE
SHCOMPANY_Fax

S DATE_SOURCE_ID (FI)
“ACREATED_BY
~*:REATED_DATE

“*CREATE APPLICETION
“#LAZT_URDATED BY
“#LAZT_UPDATED_DATE
“#LAZT_UPDATE_APPLEATEH

Data Source:
SRI WP/DCP and
Trade Statistics
Data

(1) Sandia National Laboratories




CDM: Chemical Plants and Units

A . .
CHEMICAL_PLANT | Chemical plant

$ CHBWICAL_PLANT_ID CHEMICAL_PLANT ALIAS locations are
i
__________________ puc] I CHEMICAL PLANT NAE (K1) ROHBACAPLNLIDF geocoded
WOHBMICAL_COMPANY D (FK)  (RKI1D) — ALAa_
W PLANT_TYPE ®COUNTRY_ID (FK)
CHEMICAL PLAMT UHIT WCOUNTRY_ID (FK) “/PLANT_ADDRESS_1 Currently storing
3 CHEVICAL PLANT LNIT IO " PLANT_ADDRESS_| @ PLANT_ADDRESS_2 5,659 distinct
- - - “FPLANT_ADDRESS_Z S PLANT CITY -
% CHEMICAL PLANT_ID(FK) “#PLANT_CITY JERIC ELA':'lNT CITY 10 chemical plants
P_UNIT_ID || #SRIC_PLANT CITY_ID DPLANT STATE
P STATUS P—{ -» PLANT_STATE P PLANT ZIPCODE
% DATA_SOURCE_ID (FK) “»PLANT ZIPCODE 3 PLANT _LAT Each plant may
“» CREATED_BY W PLANT_LAT “# PLANT_LOM .
3 CREATED_DATE “¥PLANT_LON % GEOLOCATION_METHOD IO (FK) support multiple
“» CREATE_APPLICATION % GEOLOCATION_METHOD_ID (FK) % DATA SOURCEID (FK) chemical
» LAST_UFDATED_BY »DCP_PLANTID CREATED BY .
= B LAST_UPDATED_DATE “MirR_PLANTID . CHEATED_D.IUI.TE proce§§l_ng
 LAST_UPDATE APPLICATION % DATA SOURCE. D (FK) 3 CREATE APPLICATION capabilities
“# CREATED_BY “JLAST_UUPDATED_BY (units)
4 “» CREATED_DATE »LAST_UUPDATED_DATE
“# CREATE_APPLICATION “J LAST_UPDATE_APPLICATION
Sy D R
b |
I LAST_UPDATE_APPLICATION ! , | WP/DCP
| ! !

; U.S. Department of Homeland Security

Science and Technology Dire AR e @ Sandia National Laboratories




CDM: Capacities/Production

~ TECHNDLDGY

- | ¥ TECHMOLOGY_ID

J1L

% CHEMICAL_ID (FE)
“#TECHMOLOGY _DESC

WNFP_TECH_ID
2 REACTION_COMMENTS
% M _CHBEWMICAL D1 (FK)
P IM_CHBMICAL QUANTITY1
% [M_CHBWICAL D2 (FK)
D IM_CHBEMICAL QUANTITYZ
% [M_CHBMICAL IDE (FK)
P IM_CHBMICAL QUANTITYS
% M _CHBEMICAL D9 (FK)
2 IM_CHBWICAL QUANTITYS
% [MTERM_CHEMICAL 1D (FE)
2 INTERM_CHEMICAL QUANTITY1
J % INTERM_CHBEMICAL_|IDZ (FK)
P INTERM_CHEMICAL QUANTITYZ
% OUTPUT_CHEWICAL_ID1 (FE)
D OUTRUT_CHEMICAL QUANTITY
% OUTPUT_CHBWICAL_IDZ (FE)
P OUTPUT_CHEMICAL QUANTITYZ
% 0eTA SOURCE_ID (FE)
“» CREATED_BY
“# CREATED_DATE
“? CREATE_APPLICATION
B LesT_UPDATED_BY
2 LasT_UPDATED_DATE
@ LesST_UPDATE APPLICATION

Al Al JILJIL Al

Al

AL

AR AR
EAK12)

< TECHMOLOGY_DESC_MIXED_CASE[AKE:2)

TECHMOLOGY_FLANT_CAPACITY

(RTECHHOLOGY IO (FK)
FCHBEAMCAL_PLANT_UHIT_IO (FE)
FTIMEF FAWiE (F )

D CAPACITY _AdOUNT

P ETATUS

% DATA SOURCE ID (FK)
< CREATED_BY

<* CREATED_DATE
“#CREATE_APPLICATION
»LasT_UPDATED BY

< LasT_UUPDATED_DATE

A LAST_UPDATE_APPLICATION

B CHEMICAL_PLANT_UNIT_ID

% CHEMICAL_PLANT_ID (FK)
PUP_UNIT_ID

»STATUS

% DATA_SOURCE_ID (FK)

“» CREATED_BY

“» CREATED_DATE

“» CREATE_APPLICATION
»LAST_UPDATED_BY
“»LAST_UPDATED_DATE
»LAST_UPDATE_APPLICATION

!

(1) sana National Laboratores

Source data
capacity
information is only
available at the
plant
unit/technology
level (e.g., There are
X metric tons of
capacity to produce
Chemical A using
Technology B at
Plant Unit C).

Data Source:
SRI WP



CDM: Industrial Acids Supply Chain Statistics

Category # of Records
(06/2010)
Chemicals 100
Companies 400
Units 800
Process reactions 200
TS ot bt ) i o ot




