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1. OBJETIVOS DE LA ANALISIS DE RIESGO

® Desenvolver un modelo conceptual para un dado sitio
considerando, fuentes, receptores y caminos de exposicion.

® Obtener informaciones sobre el riesgo a la salud humana
necesarias para la tomada de decisiones cuanto a los
procedimientos en un dado sitio contaminado.

® Fornecer una lista de riesgos existentes en el sitio
contaminado.

® Fornecer el procedimiento para la determinacion de las
concentraciones de las sustancias quimicas que posan
permanecer en el sitio sin causar peligro.

® Fornecer una base de informaciones para evaluar el riesgo a
la salud humana de las diversas medidas de remediacion
consideradas.
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2. PROCEDIMIENTO RBCA
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SITE

SET UP PROJECT TEAM
AND DEFINE ROLES AND
RESPONSIEILITIES

+ Project Manager
« Technical Expernt

+ HSE Advisor
| PREPARE PROJECT RBCA

SITE er DATA COLLECTION
MANAGEMENT - « CSM Development

« Liabilities + Desk Study

+ Stakeholder Perception + Site Reconnaissance

« Property Management + Intrusive Site Investigation(s)

+ Public Relations Plan I

« Legal compliance L &

4

: TIERED RISK EVALUATION E@

+ Contaminants of Concem
+ Land Use Scenarios i i
« Human Health, Safety ?nd Erviranmental Risks %Ill:]|t1ﬁli]£:|"gfﬁt:gem

V

'S RISK NO FURTHER

| CORRECTIVE ACTION SELECTICN

1S CORRECTIVE ACTION

NO

___ COSTEFFECTVE? —
| IMPLEMENTATION OF CORRECTIVE ACTIONS |

|

| CLOSE OUT/LONG TERM MONITORING |




RBCA-TIER 1, TIER 2 Y TIER 3

Tier 1 Assessment

(generic exposure modelling and/or
generic guidelines)

Update Conceptual Site Model
Evaluate remedial options and costs

Y

Tier 3 Do site
> levels exceed Tier No —
Screening Levels or are other risks Monitoring or ]
Tier 2 unacceptable? No Further Action Required

Is it cost
effective to undertake
Remedial Action to achieve
objectives?

Undertake Remedial
Action

Tier Upgrade Assessment
(site-specific screening values and/
Or alternative points of compliance)

Update Conceptual Site Model Is interim remedial

. : Yes
action required?

Evaluate remedial options and costs

A Interim Remedial
* No Action

Yes Is there sufficient site
investigation data to perform

a Tier upgrade?

<

Design, plan and carry out
Supplementary Site Investigation
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TIER 1 — TAREAS A EJECUTAR

® Caracterizacion del sitio

® Evaluacion de los caminos de exposicion y de los datos
disponibles

" Comparacion con los limites RBSL (Risk Based Screening
Levels)

" Respuesta Inicial, Clasificacion del sitio
" Interdiccion del sitio caso necesario
® Acciones de emergencia caso necesario

® Utilizar valores Tier 1 (RBSL) de APRA, de agencias
ambientales, valores de referencia si no existieren otros
menos restrictivos que por ley deben ser adoptados.

Copyright of Shell Brands Infernational AG



TIER 2 - TAREAS A EJECUTAR

® Caracterizacion complementar del sitio

® Evaluacion de los caminos de exposicion y de los datos
disponibles

® Modelamientos simples (analitico) del transporte de los
compuestos de interés

" Evaluacion del riesgo especifico para el sitio

® Comparacion con los limites SSTL (Site Specific Target
Level )

" Interdiccion del sitio caso necesario
® Acciones de emergencia si necesario

" Calculo de los valores target para el sitio y definicion de la
medida de remediacion, caso necesario.
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IDENTIFICACION DE LOS COMPUESTOS DE INTERES

Kerosene
Compound Gasoline Jet A, JP-4, Diesel Hea\gllFuel Lube Qil
JP-5, JP-8 !
Soil | GW | Soil | GW | Soil | GW | Scil | GW | Soil | GW

Benzene X X X X
Toluene X X X X
Ethyl benzene X X X X X X
m-Xylene X X X X X X
o-Xylene X X X X X X
p-Xylene X X X X X X
Mixed Xylenes X X X X X X
Naphthalene X X X X X X X X
Acenaphthalene X X
Acenaphthene X X
Fluorene X X
Phenanthrene X X
Anthracene X X
Fluoranthene X X
Pyrene X X
Benzo(a)anthracene X X
Chrysene X X
Benzo(b)fluoranthene X X
Beno(k)fluoranthene X X
Benzo(a)pyrene X X
Indeno(1,2,3-cd)pyrene X X
Dibenzo(a,h)anthracene X X
Benzoig,h.i)perylene X X
Ethanol X X
Methanol X X
Diisopropyl ether (DIPE) X X
Methyl tertiary butyl ether (MTBE) X X
Ethyl tertiary butyl ether (ETBE) X X
Tertiary amyl methyl ether X X
(TAME)
Tertiary butyl alcohol (TBA) X X
1,2-Dibromoethane (EDB) X X
1,2-Dichloroethane (1,2-DCA) X X
Inorganic lead (Pb) X X
Total Petroleum Hydrocarbon
(TPH) X X X X X X X X
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FUENTES, CAMINOS DE EXPOSICION, RECEPTORES

Figure B5.2: Generic CSM for commercial/industrial end use
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Figure B5.4: Generic CSM for high density/high rise residential end use
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FUENTES, CAMINOS DE EXPOSICION, RECEPTORES

Figure B5.3: Generic CSM for Low density/low rise end use
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FUENTES, CAMINOS DE EXPOSICION, RECEPTORES

Figure B5.5: Generic CSM for construction workers
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thickness

¢ source C (x) —

Groun dwater]

Sd-w = Source area thickness in groundwater Lsp = Source area length in deep soil

Sw-w = Source area width in groundwater Sdsp = Source area thickness in deep soil
X= Distance from “compliance point” Ugw= Groundwater velocity N
Csource= Source area concentration dgw= Thickness of groundwater mixing zone
C(x) = “Compliance point” concentration Source area in soil

Groundwater flowpath

« Esp >

Wsp = Source area width in deep soil
Lsp = Source area length in deep soil
Sdsp = Source area thickness in deep soil
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3. EJEMPLO CHAFARIZ

Main Screen

&l RBCA Tool Kit for Chemical Releases

RBCA Tool Kit for Chemical Releases
Wersion 1.3b @ 2000

1. Project Information

4. RBCA Evaluation Process 7|

Site Mame: |Chafariz

Location: | Goiania, GO

Compl. By:

Michael Kohnke

Date: |24-kar-09

| Job 1D:|IBM 549012

2. Which Type of RBCA Analysis?

ll

O Tier 1

=

Genetic Yalues
Cn-Site
Exnosure

Site-Specific Yalues
Cin- or Off-Site Exposure

Prepare Input Data
Data Complete? [ l= yes, B =no)

B0 Exposure Pathways

¥
Constituents of

Concern (COCs)

¥

B0 Transport Models
¥

B Soil Parameters
¥

B0 GW Parameters
¥

mo0  Air Parameters

Review Quitput

Exposure Flowchart

COC Chem. Parameters

Input Data Summary

User-Spec. COC Data...

Transient Domenico Analysis...

Baseline Risks...

Cleanup Standards...

3. Calculation Options

Affects which input data are required
Baseline Risks (Forward mode)

RBCA Cleanup Standards (Backward mode )

2

5. Commands and Options

Hew Site Load Data...

Save Data As... Guit

Print Sheet Set Units

Custorm Chem. Data... Heip
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EJEMPLO CHAFARIZ — IDENTIFICAQON EXPOSICION

£} RBCA Tool Kit for Chemical Releases

‘Exposure Pathway Identification .
1. Groundwater Exposure B RY Compl. By: <ohnke
Groundwater Ingestion/ C Date: 24-Mar-03
Surface Water Impact Volatilization and Particulates
Receptor [Mone w)|Mone w| MNone w to Outdoor Air inhalation 7|
Type: i Cn-site éOﬂ’-sitm Ofi-site 2 Receptor |[Mone wf [Mone ) [MNone W
Type: | On-site | Offsited] | | Off-site2
Distance to GYWW receptars ()
[ (i [
On-site | | OfFsite1 | | OffFsite2 |
ORI
- O
Volatilization to
] indoor Ajr Inhalation
L] Receptar _':':"T" Al Mo off-site
| ] Type: | On-site |1 receptors
Enter ALP Criteria | Affected Soils--Valatilization to Enclosed Space
2. Surface Soil Exposure Direct Ingestion LI Affected Groundwater--“Yolatilization to Enclosed Space
and Dermal Contact — 4. Commands and Options
Aoy Lkl o off site Main Screen | Print Sheet | SetUnits | Help |
Type: | On-site receptors
Il B0 Exposure Factors & Target Risks | Exposure Flowchart |
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EJEMPLO CHAFARIZ — FACTORES DE EXPOSICION/RIESGO

L iar:

Compl. By Kohnke

Date: 24-Mar-09

. - . 7
2. Risk Goal Calculation Options 2
¢ Individual Constitivent Risk Goals Only
i@ Individual and Cumulative Risk Goals

&l RBCA Tool Kit for Chemical Releases
"Exposure Factors and Target Risk Limits
1. EXposure [ ]
Parameters Residential Commercial
Ane Adjustment?  Adut (Age 0-B)iAge 0-16) Chronic Construc.
Averaging time, carcinogens i Ga
Averading time, non-carcinogens v 45 45 | | 1
Body weight (ki) GO0 15 35 B0
Exposure duration iy 45 B 16 45 1
Exposure frequency (daysit 350 270 180
Detmal exposure fregquency (daysh 350 270
Skin surface area, soil contact (erm® L) 3180 | | 1400 | | 2000 | | 2000
Soil dermal adherence factor (mofomiday 0.5
Yater ingestion rate (Liday) 1 | 2
Soil ingestion rate {mofday) (]l 100 | 200 | 50 | | 100
Swimming exposure time thrfevent) 3
Swirnming event frequency (eventsive) 12 12 | 12 |
Swimming water ingestion rate {Lh) Ll oos 0.5 %
Skin surface area, swimming (cm) U 22000 | a100
Fish consurmption rate (kafday) 0.025 ﬁ
Contaminated fish fraction (unitless) 1

3. Target Health Risk Limits 2]

Individual Cumulative

Target Risk (Class AB carcing.) 1.0E-5 | 1.0E-5 |
Target Risk (Class C carcinogens) | 1.0E-5
Target Hazard Quotient 1.0EH]
Target Hazard Index | 1.0E+0 |

4. Commands and Options
Return to Exposure Pathways

Print Sheet
Help

Lse Default
Yalues
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EJEMPLO CHAFARIZ — CAMINOS DE EXPOSIAON

&l RBCA Tool Kit for Chemical Releases

Job D
‘Exposure Pathway Flowchart Date: o
Source Media Transport Mechanisms Exposure Media Receptors
Oon-site Off-=ited Off-site?
Mone A, M,
Air Mone Mone Mone
LR Inhalation of Yapor .
» Volatilization ~  Enclosed andior Particulates E:mnnrm_r.j NA A
.ﬂ.ffEE’tEd Spa[:E el
Subsurface Accumulation
Soil
o Mone Mone Mone
Affected
Groundwater
M4, MA, M4,
SOURCE |Gy | RECEPTOR | Commands and Options
Return | Print Sheet | Help |
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EJEMPLO CHAFARIZ - COMPUESTOS DE INTERES

&l RBCA Tool Kit for Chemical Releases

AL AR ERE Commands and Dptluns

_ L ealle] Main Screen | Print Sheet | Help |
Source Media Constituents of Concern (COCs) Apply
Faoult's
?
_ Selected COCs _ Representative COC Concentration . Law g
| COC Select: | sortlist 7| Groundwater Source Zone Seil Source Zone
Addiinsert | Top | Moveup | Calculate | Enter Site Data | Calculate | Enter Site Data
DE'ETE I Eunnm I MDHEDDW” | l(mgllrlr_} nDtE {mgfkg} nDtE ..................................
8.2E-1 max. conc. At Pr4-01 4 0E+H conc. At S0-01
1.3E+H] max conc. At Ph-03 27E+H conc. At 50-01
5.9E+H] rax. conc. At Ph-03 4 5E4+2 conc, At 50-01
1.5E-1 max conc. At Pha-01 B.5E+1 conc. At 50-01
27EH fmax conc. At Ph-03 0.0E+H] Below detection limit
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EJEMPLO CHAFARIZ — OPCIONES PARA EL TRANSPORTE

F'_E. RBCA Tool Kit for Chemical Releases

ransport Modeling Options
&
O Combination surface soiltJohnson & Ettinger |
O Enter WF Values |
indoor Air Volatilization Factors il
@ Johnszon & Ettinger model
2 User-specified %F from other model Enter ¥F Yalues |
® |
] Enter Decay Rates |
) Enter LF Yalues |
il
& Offsite 1 Off-site 2
O L 1.00E+D § | 1.00E+0 i)

Job 1D: |

Enter Decay Rates |

SRORE

Enter Site Data |

Enter Directhy |

Enter DAF Yalues

2

4. Commands and Optionhs

Main Screen |

Print Sheet |

Help
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EJEMPLO CHAFARIZ — PARAMETROS SUELO

&2l RBCA Tool Kit for Chemical Releases

ite-Specific Soil Parameters il

1. Soil Source Zone Characteristics KAk comel By hnke
Hydrogeology General Case Construction 2. Surface Soil Column  vadose Zone  Capillary Fringe
Depth to water-hearing unit 96 frm) | &~ l'
Capillary zone thickness frm) ar Calculate I ar
Soil column thickness {rr) Total porasity 0.4k (-]
Affacted Soil Zone Yolumetric water content 0323 | |0.4149 |
Depth to top of affected soils 0.1 fre) Yolurmetric air content i)
Depth to base of affected soils 96 fre Dy bulk density 1.8 kL)
Affected =oil area 340 3800 |fmr2) Yertical hydraulic conductivity 1.0E-5 fomy's)
Wapar permeability 1.0E-15 2]
Capillary zone thickness 21EA1 frm)
A oF

Partitioning Paramaters

Fraction organic carbon 0.0055 -l
= E Soillwater pH 55 {-)
< J. Commands and Options
gr; % E Main Screen Use Defadlt Print Sheet
@ Set Units Values Help
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EJEMPLO CHAFARIZ - PARAMETROS AGUAS SUBTERRANEAS

£} RBCA Tool Kit for Chemical Releases

[,

ar [l | .

ar

or

Groundwater plume width at source

A

2. Groundwater Source Zone

5. Commands and Options

Main Screen

Llze Default
YWalues

Set Units

Print Sheet

Help
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EJEMPLO CHAFARIZ - PARAMETROS AIRE

&l RBCA Tool Kit for Chemical Releases

. nren . Site Mame: Chafari Job 1D: 1Bk 245012
= Site-Specific Air Parameters scation: G " Date: 24-Mar-09

[+ A, o

2. Indoor Air Pathway o A

7 | |

Building Parameters Commetrcial
Building valumefarea ratio 3 {rr)
Foundation area 00 |ft2)
Foundation perimeter 34 i)
Building air exchange rate 2.3E-4 |{1/5]
Diepth ta hottom of foundation slab 015 | ) _
Convective air flow through cracks {m’*&f‘s} 3. Commands and Optiuns
Foundation thickness .15 fre
Foundation crack fraction 0.01 ) Main Screen Use Default Print Sheet
Walumetric water content of cracks 012 (-] Ve ES
Yaolumetric air content of cracks 0.26 (-] Set Units HeIp
IndoarOutdoar differential pressure a (ol
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EJEMPLO CHAFARIZ — RESUMEN DEL RIESGO

Return | PrintSheet|

Site Marme: Chafariz

RBCA SITE ASSESSMENT

Baseline Risk Summary-All Pathways

Completed By: Michael Kohnke

Site Location: Goiania, GO Date Completed: 24-Mar-039 Tof o
TIER 2 BASELINE RISK SUMMARY TABLE
BASELINE CARCINOGEHNIC RISK BASELINE TOXIC EFFECTS
Individual COC Risk Cumulative COC Risk Risk Hazard Quotient Hazard Index Toxicity
EXPOSURE | Maximum Target Total Target Limmit{s) Mazimum | Applicable Total Applicable Limit{s)
PATHWAY Value Risk Value Risk Exceeded? Value Limit Value Limit Exceeded?
QUTOOOR AR EXPOSURE PATHWAYS
Complete: s, M, M, s, O M, M, M, M, O
INDOOR AR EXPOSURE PATHWAYS
Complete: 1.3E-4 1.0E-S 1.3E-5 1.0E-5 [ | 7.8E-1 1.0E+] 20EH] 1.0E+H] [ |
SO EXPOSURE PATHWAYS
Complete: s, B, A, s, O A, A, M, B, O
GROUNDWATER EXPOSURE PATHWAYS
Complete: s, B, A, s, O A, A, M, B, O
SURFACE WATER EXPOSURE PATHWAYS
Complete: s, B, A, s, O A, A, M, B, O
CRITICAL EXPOSURE PATHWAY (Maximum Values From Complete Pathways)
T.3E-5 T.0E-5 1.3E-5 T.0E-5 [ | {.8E-1 T.OE+D 2.0E+0 T.0E+0 [ |
Indoor Ajr Indoor Ajfr Indoor Ajfr Indoor Ajr
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EJEMPLO CHAFARIZ — VALORES SSTL

Return

Site Marne: Chafariz
Site Location: Goiania, G0

Completed By: Michael Kohnke
Date Completed: 24-Mar-09

Print Sheet | RBCA SITE ASSESSMENT

Job 1D: IBM 545012

x|

SOIL (0.1 -9.6 m) SSTL VALUES

Target Risk {Class A & B) 1.0E-9
Target Risk (Class C) 1.0E-5
Target Hazard Quotient 1.0E+0

Groundwater DAF Option

SSTL Results For C Exposure Pathways (X" if C
Sail Leaching to Groundwater Sail Vaol. to Soil Volatilization and Surface Surface Soil Ingestion and R
Ingestion / Discharge to Surface Water Indoar Air Soil Particulates to Outdoor Air Dermal Contact Applicable SE8TL 1
Representative on-site Off-site 1 Off-site 2 On-site On-site ¢ m) Off-site 1 Off-site 2 Qnesite (@ m) S5TL Exceeded ?
CONSTITUENTS OF CONCERN Concentration m (0 (0m) (0 my (0 (0 my i
CAS No. Name (mofko) Mong MNone Mone Commercial MNone Coc\?;rrtl{;trmn Mone MNaong MNaong CDC\?D"”L:SJW (kg "W ifyes
91-20-3 MNaphthalene 4.0E+1 [ A [N 4, A =3 5E+2 [+ 4, [+ 4, A [A [ A [ A =3 5E+2 O
108-88-3 | Toluene 2TEH I A [A A, 34E+1 [/ [/ LA [ [ [ 34E+1 O
1330-20-7 | Xylene (mixed isomers) 4.5E+2 MNA MNA, MA, >3 0E+2 IA, IA, MA A MNA A >3 0E+2 O
100-41-4  |Ethylbenzens 6.5E+1 [A 4/ A 1.8E+2 [4/ [4/ A [L& [A [ 1.8E+2 O
71-43-2 Benzene O0E+D TA R NA 14E-1 R A MNA A A TNA T4E-1 O
"=" indicates risk-based target concentration greater than constituent residual saturation value MNA = Nat applicable MC = Mot calculated
Return Print Sheet | RBCA SITE ASSESSMENT
Site Marme: Chafariz Completed By: Michael Kohnke Job D: IEM 849012
Site Location: Gaoiania, GO Date Completed: 24-Mar-09 TOF T
Target Risk {Class A & B) 1.0E-5
GROUNDWATER SSTL VALUES Target Risk (Class C) 1.0E-5 Grounduater DAF Option:
Target Hazard Quotient 1.0E+0
SSTL Results For C Exposure P: ("X" if C
Groundwater Ingestion / X GW val. to Groundwater Volatilization Required CRF
Discharge to Surface Water Indoor Air to Cutdoor Air Applicable SSTL o
Representative On-site Off-site 1 Off-gite 2 On-site On-site Off-site 1 Off-gite 2 S5TL Exceeded ?
CONSTITUENTS OF CONCERN Concentration (0 )y (0 )y (0 )y (0 ) (0 )y (0 )y (0 ) Only if"yes"
CAS No. Name (moil) Mone Mone Mone Commercial MNohe MNohe MNohe {mail) "W if yes left
91-20-3 Maphthalene 8.2E-1 MA MA MA =3 1E+1 MA MA MA =3 1E+1 O MA
108-88-3 Toluene 1.3E+0 A A A 4 2E+2 A A A 4 2E+2 O <
1330-20-7  |Xylene {mixed isomers) 5.9E+0 P& P& P& =2 OE+2 P& P& P& =2 DE+2 O P&
100-41-4 Ethylbenzene 1.5E-1 A A A =17E+2 A A A =17E+2 O A
71-43-2 Benzene 27E+0 NA NA NA 2.0E+0 NA NA NA 20E+0 L) 1.3E+0

"=" indicates risk-based target concentration greater than constituent solubility value.

MNA = Not applicable.

NC = Not calculated.
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4. RECOMENDACIONES

" 1. Siempre evaluar los compuestos y seleccionar los que son realmente

de interés.

2. Determinar los caminos de exposicién y seleccionar para célculo

solo los reales y no los hipotéticos.

® 3. Averiguar si los datos disponibles permiten una evaluacién de un
cierto escenario, si no recomendar la adquisicién de tales informaciones

" 4. Considerar las leyes existentes

" 5. Solo en algunos casos especiales serd necesario incluir el TPH en el
andlisis. En general no es necesario.

" 4. Siempre considerar los valores de PID medidos en el suelo para
dimensionar la posible extensién de la contaminacién en los suelos.
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