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WHAT IS VAPOR INTRUSION (VI)? &K}

* Volatile organic chemicals (VOCs) in
subsurface migrating upward through
the soil into buildings, causing an
unacceptable chemical exposure for
building occupants
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* Lower pressure inside a building is
primary driving force for VI
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* Early 2000’s VI started to become a
news item

» Standard modeling was questioned and
focus began shifting to indoor air data

ISESENNERRppganunuasiin g

* SF Bay Area — TCE gets particular
attention




VAPOR INTRUSION =K

Subsurface problem resulting in a health risk to
building occupants

Industrial
Hygiene




SIGNIFICANT FOCUS IN RECENT &K
YEARS

e New VI Information and research
* New TCE Information (EPA and RWQCB Guidance)

* Economic Recovery and Drive for Redevelopment

e Conversion of
Industrial Properties |
to Residential &
Mixed Use




KEY REGULATORY GUIDANCE &S

* Vapor Intrusion Assessment Guidance (DTSC,201 1)

* Vapor Intrusion Mitigation Advisory (DTSC,2011)

* Advisory Active Soil Gas Investigations (Cal-EPA, 2015)

* Final Guidance for Assessing and Mitigating the Vapor Intrusion

Pathway from Subsurface Sources to Indoor Air (U.S. EPA,
2015)

* Screening Ciriteria for Indoor Air
— Environmental Screening Levels (ESLs) (SFRWQCB)
— Regional Screening Levels (RSLs) (U.S. EPA)
— HERO Note 3 (adaption of RSLs) (DTSC)
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PREVALENCE OF CHLORINATED <Kl
VOC SITES

@ Geotracker/RWQCB Sites Lo
O Chlorinated VOC Sites °Y




PREVALENCE OF CHLORINATED &Kt
VOC SITES

San Francisco

Palo Alto

Mountain View

@ Geotracker/RWQCB Sites
O Chilorinated VOC Sites
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PREVALENCE OF CHLORINATED
VOC SITES
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CORPORATE CONSIDERATIONS =K
BY STAGE

Phase | & potential
Phase Il Sampling

Evaluate Potential
for VI

Negotiate
indemnities and
responsibility for VI
mitigation, if
necessary

Acquisition (Legal, Real Estate Team, EHS)

Potential Phase Il
Sampling

VI Mitigation
System Design and
Installation

Indoor air sampling

Assess VI
mitigation systems
(VIMS)

Identify unknown

V1 or IAQ
problems

Periodic IAQ
evaluation

Operation of VIMS

Operation of
HVAC




EXAMPLE TECH COMPANY: kIt
“EX-TECH”

* Bay Area high-tech company
* Many buildings located in Silicon Valley

* Risk-averse approach to environmental issues and
potential worker exposure

* Evaluates these issues during property acquisition
or leasing

* Similar approach for leased and owned properties
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DUE DILIGENCE TEAM
DYNAMIC

 Real Estate Team

— Driver to make deal happen with
business needs at forefront

— Less sensitive to enviro liabilities
* Legal

— Driver to protect liability

— Balance business needs

e« EHS
— Driver to protect human health |, Enviro

— Balance business needs Consultant

 Environmental Consultant

— ldentify potential environmental
concerns and liabilities

— ldentify options to inform decision
making by team

K

* Qutside
Counsel
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HOW DO YOU KNOW IF VAPOR =K
INTRUSION IS A RISK?

* Evaluate site history

— Past onsite YOC/solvent use
— Offsite releases of VOCs

* Review or collect groundwater, soil gas, sub-slab
soil gas, and/or indoor air data

— Each data type has its own strengths/limitations

* Use multiple lines of evidence (if possible)
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SAMPLING OPTIONS TO
EVALUATE POTENTIAL VI RISK

Indoor Air
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SAMPLING OPTIONS: K
SUB-SLAB SOIL GAS AND INDOOR AIR

Implementation Indoor Air Sampling
Invasive No Yes (minimally)
Preparation for Sampling HVAC on vs. Utility clearance

HVAC off

Likelihood of Landlord Higher Lower
Acceptance
Rounds of Sampling At least 2 (seasonal) I
Regulatory Trigger for Yes Maybe
Mitigation (in eyes of LL) (VI potential)
Representative of Future VI Not necessarily Yes, for existing building
Potential
Speed to mobilize Fast Fast
Relative cost Minimal Minimal

17




SAMPLING OPTIONS: &Kl
SOIL GAS AND GROUNDWATER

Implementation

Invasive Yes Yes
Preparation for Sampling Utility clearance, drilling | Utility clearance, drilling
contractor scheduling, contractor scheduling,
permit process™ permit process™
Likelihood of Landlord Low Lowest
Acceptance

Rounds of Sampling I I

Regulatory Trigger for Maybe Maybe
Mitigation (in eyes of LL) (VI Potential) (VI Potential)
Representative of Future VI Yes, current and future | Yes, but only for VOCs
Potential buildings in groundwater
Speed to mobilize Slower Slower
Relative cost High High or higher

(depending on GW
depth)




EX-TECH CORPORATE
APPROACH FOR ACQUISITION

* Evaluate site history

* Review or collect groundwater, soil gas, sub-slab
soil gas, and/or indoor air data

* Use multiple lines of evidence (if possible)
* Assess building or deal constraints

* Determine if mitigation needed
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P R E L I M I N A RY eﬁs‘%ﬂ tf OCrlient Perform Environmental Due Diligence,
& & e.g., Pre-Assessment or full Phase I ESA.

plans to occupy.

ASSESSMENT ,

Do Preliminary ESA Findings
suggest past manufacturing,
product assembly, or other
industrial use of the Site
building?

|
No

v

Do Preliminary ESA Findings
suggest past solvent use,
storage or disposal at the Site
building, or past releases of
VOCs within or adjacent to the
Site building?

available data v

Do Preliminary ESA Findings
suggest the presence or
potential presence of VOCs in
shallow groundwater beneath
the Site building at
concentrations that could pose
a potential vapor intrusion
threat?

|
No

v

Do Preliminary ESA Findings
reveal significant Data Gaps
in historical uses or past
tenants of the Site building?

[
No

v

No potential risk for vapor intrusion into
the Site building has been identified.

* Evaluate whetherVl is a

possible concern based
on historical

[ ¢— Yes

AN
AV

information and

¢— Yes

AN
VAN

A

Conduct Sub-Slab Soil Gas
Sampling Beneath Site Building |¢- Yes
(Proceed to Diagram 2)
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SUB-SLAB
TESTING
RESULTS

START HERE for existing
buildings that Client plans to
occupy where preliminary
environmental due diligence
(Diagram 1) indicates a potenti
risk for vapor intrusion.

al

Collect and analyze
sub-slab soil gas (SSG) samples

y

;N

Do VOC concentrations
in SSG samples exceed

A

No further VI monitoring or
mitigation

Notes

-

No SSG screening levels?

(Note 2)

Yles
v

Do VOC concentrations
in SSG samples exceed
100x SSG screening
levels?

|
No

>
=>-

s it feasible to collect representative
IA samples (i.e., no significant TIs
to be completed)?

Yes
v

Collect and analyze
indoor air and outdoor air samples
(Perform 2 rounds of testing if 1* round
results meet [A screening levels)

ANVANIAN

SR

Are IA concentrations
> A screening levels,
> outdoor air levels, and
likely caused by VI?

Yes

A

Implement VI Mitigation
(e.g., SSV, SSD)

A

Assess VI mitigation effectiveness by
SSG testing (for SSV systems), sub-
slab vacuum testing (for SSD systems),

1. Flow chart represents generalized process. Site-specific factors and
evaluations may influence decisions for specific buildings.
2. Screening levels for SSG are 20x screening levels for IA.

and IA testing (if prior IA testing
results exceeded 1A screening levels)




BENEFITS OF SUB-SLAB SoIL K
GAS (SSG) DATA

* SSG data indicate the long-term potential for
Vi

* If SSG data are modest (e.g., <100x SL)

— Vlis a low threat

— |A testing can confirm whether Vl is an issue

* If SSG data are higher (>100x SL)
— Vlis a longer term threat
— Risky to assess with limited |A data
— Mitigation is preferred risk management
* Indoor air (IA) test results can vary widely
— Changes in building ventilation
— Building modifications

— Atmospheric conditions
22




EXCEED SCREENING LEVELS— CKI
WHAT DOES IT MEAN?

Screening 100xScreening
Level Level
I I | Mitigate
10°¢ 105 10+ =
| in a million 10 in a million 100 in a million
Grey Zone

Cal-EPA Regulatory Approach within Grey Zone
— Collect more data (for further VI evaluation)
— Indoor air testing
— On-going monitoring
— Remediation (remove source, if feasible)

— Mitigation (e.g., sub-slab depressurization, SSD)
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EX-TECH APPROACH IF SUB-SLABCKT
SCREENING LEVELS EXCEEDED

Screening 100xScreening
Level Level
I I | Mitigate
10-6 105 10-4 8
I in a million 10 in a million 100 in a million

Sample Indoor Air
(if feasible)

Practical limitations in Grey Zone

— If extensive remodel planned, IA testing may not be feasible or
representative

— Consider proactive installation of mitigation piping
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NEW TCE GUIDELINES Kl

* EPA Region 9 Guidelines and Supplemental Information Needed for Vapor
Intrusion Evaluations at South Bay NPL Sites (12/3/13)

* EPA Region 9 Response Action Levels and Recommendations to Address
Near-Term Inhalation Exposures to TCE in Air from Subsurface Vapor
Intrusion (7/9/14)

* U.S. EPA, Compilation of Information Relating to Early/Interim Actions at
Superfund Sites and the TCE IRIS Assessment (8/27/14)

« OEHHA, Memorandum to RWQCBs, U.S. EPA (Region 9) Recommendations
for Addressing TCE Vapor Intrusion at Contaminated Sites (7/22/14)

* DTSC HERO, Note 5: Health-Based Indoor Air Screening Criteria for TCE
(8/23/14)

* Interim Framework for Assessment of Vapor Intrusion at TCE-Contaminated
Sites in the San Francisco Bay Region (SFRWQCB, 16 October 2014)
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TCE SCREENING LEVELS SIS

Media Sampled Residential Screening Commercial
Level (ug/m3) Screening Level
(ug/m’)

Indoor Air’ 0.5/2 3/9
Indoor Air Accelerated ) 8/ 7
Response Action Level?

Indc?or Air Uzrgent Response 6 24 /9]
Action Level

Soil Gas (existing bldg)? 250 3,000

Soil Gas (future bldg)3 500 6,000

'From ESLs and RSLs. Values based on one-in-a-million cancer risk endpoint
and non-cancer endpoint, respectively.

2From EPA Region 9, July 2014 TCE Guidelines. Commercial based on 8-hr
and |0-hr workday, respectively.

3Based on DTSC, 201 | attenuation factors.
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TCE OCCUPATIONAL EXPOSURE =K
LIMITS VS U.S. EPA REGION 9

TCE Regulatory Levels
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IMPACT OF NEW TCE POLICY K

(COMMERCIAL VALUES SHOWN)

Previous Regulatory Approach

Screening 100xScreening
Level Level
I I | Mitigate
10°¢ 105 10+ =
| in a million 10 in a million 100 in a million
Grey Zone

New Regulatory Approach for TCE

TCE Non-Cancer Screening 100xScreening

Screening
Level (8 ug/m?)

Level

Level

| 0-6 Mitigate . | 0-5 . | 0-4

| in a million 100 in a million




QUESTIONS RAISED: =K
TCE AND FETAL HEART MALFORMATIONS

* Johnson Studies
— Reproducibility

— Laboratory

procedures

— Controls

 Endicott, NY
Epidemiological Study

% Litters with Abnormal Hearts

80.0% -
w 70.0% - *66.7%

eart

Abnormal H
& 8 8 3
2 S PP
P S
t
F Y

£ 200%{ 1604%
10.0% -
0.0%

0%

Percent Litters with Fetuses
w b
3
o
b 4

Control 2.5ppb 250 ppb 1.5 ppm 1100 ppm
Trichloroethylene Concentration
*Statistical Significance between control and treated groups
From: Symposium on New Scientific Research Related to the
Health Effects of Trichloroethylene,Washington, DC, February
26-27,2004. (http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?

deid=75934)
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VI MITIGATION APPROACHES Kl

Existing Buildings Future Buildings

! ! ! !
Residential Opt| . ial Ooti Residential Options Comm ercial Options
-85D System -S8D System -S8D System -58D System

-SSP System -S8V System -S8V System -55V System
-SMD Systeny -SMD System? -SMD System? -SMD System?
-Building Pressurization -Podium Building' -Building Pressurization

-SSP System -Podium Building

Notes:

! In generd, appropriate for multi-family dwellings only

2 For buildings with crawl space

SMD is submembrane depressurization Figure 3

SSD is sub-slab depressurization .
SSPis sub-slab pressurization o Va_por I ntrusion .
SSVis sub-slab verting Mitigation Technologies

Source: DTSC,VIMA, 201 |
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VI MITIGATION: =K
SUB-SLAB DEPRESSURIZATION (SSD)

Sub-Slab Vent Pipe Layout

Fan on
rooftop

Riser Pipe;
Vacuum
Gauge
Sub-Slab
Vent Pipe




DECISION TO MITIGATE WITH =K
ACTIVE SUB-SLAB
DEPRESSURIZATION

Location Sub-Slab Soil Sub-Slab Soil Pre-Mitigation
Gas Gas Indoor Air
> SLs? >100x SLs? > SLs?

Ex-Tech Bldg | Yes No Yes

Ex-Tech Bldg 2 Yes No Impractical to sample
IA

Ex-Tech Bldg 3 Yes Yes

Ex-Tech Bldg 4 Yes Yes

X Bi

. — .. w
Sub-slab trenching . @ = ey
for vent pipe | &= ' s "™ " Fan on rooftop




DECISION TO INSTALL CONTINGENT
SYSTEM WITH PIPING AND DEFER
DECISION TO ACTIVATE

Location

Rationale

Post-Construction
Indoor Air < SLs?

Ex-Tech Bldg 5 Remediated VOC:s in soil, concern for Yes
residual

Ex-Tech Bldg 6 Remediated PCE in soil, concern for Yes
residual

Ex-Tech Bldg 7 Residual TCE in perched groundwater NA

Ex-Tech Bldg 8 VOCs Sub-slab <100x SLs Yes

VOCs Indoor > Bkgrd




SSD IN EXISTING BUILDINGS =K

Suction Pit
B Residential Garage
Sub-Slab Vent Pipe




VI MITIGATION:
SUB-SLAB VENTILATION (SSV)

SUBGRADE UTILITY VAULT (IRRIGATION-STYLE
HANDHOLE) LOCATION TO BE SELECTED BY
OWNER/ARCHITECT (TYP.)

SUB-SLAB PROBE 4 opaces 4773

NSRS ST PRIPS

S\eres
vCiE

= Perforated

/ Vent Pipe

2

B - R, caEE e i Riser Pipe to Roof
e N o s - ‘ - e (within Pipe Chase)

1
HORIZONTAL Ol
TO PERFORATE

a - L4
a ; ) g a7 ) &
H H O a . CU 4 - " v . <
+ —r——T—aaman U . F % .
PERFORATED AIR INTAKE VENT PIPE 1 f 5 b= S s 2 : 5 b s 4a a 4§
| INSTALLED IN PERMEABLE AGGREGATE [ b Al i i et [ ROUTE PIPE THROUGH FOOTING AND . a L e~ e ¥ 3 o ‘4
|| LAYER As NEAR BUILDING FOUNDATION 18 L) i By || | SEAL AROUND PIPE. PIPE CONNECTIONS 1 B P ) oncrete: Slab ) : ] 2 3
EDGE AS FEASIBLE (TYP.) i OUTSIDE BUILDING FOOTPRINT SHOULD | g ¢ 3 a T et W < <
BE AIR-TIGHT (TYP.) ) 9. ) il % . . ]
N . . : g a L4 =3 g
: Te 4a

2

SUB-SLAB PROBE

AIR INTAKE VENT LORATION TO BE
SELECTED BY OWNERARCHITECT (TYP.)

Sub-slab

Air Intake Monitoring Probe
Line




SSV AT NEW RESIDENTIAL COMPLEX K}

Perforated Vent

/ Pipe

L
SR

Air Intake Line

Sealed
Penetrations




AERATED FLOOR (SSD OR SSV) &Kt

* | ow resistance to air flow

* Easy to retrofit to active system

No need to include liner

More common for new buildings, but can be added on top of
existing floor in some cases

Structural engineer should evaluate suitability for a given building

VENT RISER PIPE TO ROOF

CUPOLEX® FORM

BETON STOP® FORM CUPOLEX®CONCRETE SLAB

PREPARED SUBBASE

VAPOR, HMIDITY, RADON, METHANE

Cupolex System




« JUST-IN-CASE IT’S NEEDED” =K
SYSTEM

* Design system piping as if it is an active (or passive) system
* Install piping, sampling ports, and all elements of system except blower

* Perform post-construction monitoring (prior to occupancy and during

occupancy)

* Upgrade to active system by adding roof-top blower (seal inlets if passive

system)

* Building retrofit or new buildings

Sub-slab vent piping Riser pipes Piping, but no fan on roof
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VI MITIGATION: S
SUB-SLAB PRESSURIZATION (SSP) REPAIR
WITH BUILDING REMODEL

" o W e Liners are needed with SSV, SSP,
' I’ and Sub-membrane
depressurization

* Repairs can be difficult and need
to be leak tested

Liner Repair and
Testing

Before the A
concrete pour |



EX-TECH SSD SYSTEMS

* Installed to date
(includes inside and
outside the Bay Area):

e 9 Active SSD
systems

* 6“Just-in-case”
systems in place

* | system under
construction

...............................
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MITIGATION: CAUTIONARY TALES &K}

* Assess and mitigate preferential pathways
» SSD systems can be ineffective if conduits are controlling VI

* Example preferential pathways
— Elevator pits
— Exterior utility vaults with conduit into utility or
communications rooms
— Floor drains, electrical lines, fire suppression risers,
IT conduit
* Seal pathways to the extent feasible

* Ventilate vaults

Before

42
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VAPOR INTRUSION
CONSIDERATIONS BY STAGE

Phase | & potential
Phase Il Sampling

Evaluate Potential
for VI

Negotiate
indemnities and
responsibility for VI
mitigation, if
necessary

Acquisition (Legal, Real Estate Team, EHS)

Potential Phase Il
Sampling

VI Mitigation
System Design and
Installation

Indoor air sampling

Assess VI
mitigation systems
(VIMS)

Identify unknown

V1 or IAQ
problems

K

Periodic IAQ
evaluation

Operation of VIMS

Operation of
HVAC




A DEAL KILLER ? =K

* Vlis rarely a deal killer
— Most sites reviewed for Ex-Tech have not required
mitigation
— Mitigation is typically feasible when needed

* One site

— Ex-Tech found VOCs in SSG well above screening
levels

* Indicated a significant VOC release and VI threat

— Owner chose to proactively pursue cleanup making
site use unavailable in the near term
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EVALUATE EXISTING =K

PROPERTY PORTFOLIO?

» Evaluate risk based on site history and
offsite impacts

» Sample indoor air (2 seasons)

* Sub-slab sampling can help discern
whether |A levels are from subsurface or
business operations




TAKE-AWAYS

* Not all indoor air risks
come from current
operations

* The earlier VI potential can
be evaluated, the better
(i.e., before acquisition)

» TCE of particular
regulatory concern

* VI Is manageable with
engineering controls
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