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» Remedy monitoring Is applied to assess remedy
performance, but may be insufficient to support a decision
to terminate a remedy such as Soil Vapor Extraction.

» Decision tools are needed for define the end state for SVE
because contaminant transport needs to be considered.
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Vadose Zone Contamination

» SVE effectively removes
contaminant vapors, but
typically cannot remove all
of the contaminant mass —
diminishing returns.

Do contaminants that
remain after a period of SVE
operation pose a risk?

B Where is the persistent
source?

B How strong is the source
(contaminant mass
discharge/concentration)?

B What is the contaminant
transport toward points of
concern?

» At some sites: Is SVE
needed?
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Soil Vapor Extraction
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Brusseau et al. 2013; Oostrom et al. 2010; Truex et al. 2009 ,
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» Soil Vapor Extraction System Optimization, Transition, and Closure
Guidance

M http://bioprocess.pnnl.gov/SVEET Request.htm

» Vapor Intrusion Estimation Tool For Unsaturated-Zone Contaminant
Sources

M http://bioprocess.pnnl.gov/VIETUS Request.htm

» Estimating the Impact of Vadose Zone Sources on Groundwater to
Support Performance Assessment of Soil Vapor Extraction. Ground
Water Monitoring and Remediation
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21 |SVE Endstate Tool (SVEET) Version 100 |[paramater —
| D e = Permissible Range Key Values
22 | Described in: Soil Vapor Extraction System Optimization, Transition, and Closure Guidance 2012-Sep-24 Name
23 T 10-30 20
| w 1-9% 1,5,9°%
24 |User Input R 04-75° 04
25 | Scenario Name:  — Case A Case B CaseC vat 10- 60 10, 30, 60
26 | Contaminant. — CcT TCE TCE L vales: =
a7 T Temperature:  [°C] 196 20 20 . = - e
30 w AVg Moisture Content: [W't %] 8 1 1 a 0.005-02 0.005, 0.02, 0.2
31 R Avg. Recharge: [cm/yr] 0.5 0.5 0.5 d 107, 25,50,75, 100 | 10, 25, 50, 75, 100
32 VZIT Vadose Zone Thickness:  [m] 60 30 30 s 23l 2
33| L1 Depth to Top of Source:  [m] 40 21 21 o L —
34 z Source Thickness:  [m] 10 5 5 Mo it - g S ikt elpsedtroe
35| w(=l) Source Width (= Length):  [m] 50 15 15 S
36 q GW Darcy Velocity: [m/day] 0.3 0.165 0.165 Recharge
37 d  Distance to Compliance Well:  [m] 25 50 50 44848
38 s Compl. Well Screen Length:  [m] 5 10 10
39 Source Strength Input Type: —  |Gas Conceniration|Gas Concentration| Mass Discharge
40 | Cgs Source Gas Concentration: [ppmv] 159 50
41, M Source Mass Discharge: [g/da 10
SIC

42
43 |Calculated Input
46 | STR Source Thickness Ratio™: [-] 0.167 0.167 0.167
48 SA Areal Footprint of Source™  [m?] 2500 225 225
50 | RSP Relative Source Position™: [-] 4.00 5.25 5.25
52 L2 Distance — Source to GW:  [m] 10.00 4.00 4.00
53 H Henry's Law Constant™*: [-] 0.890 0.263 0.263
61
62 Result — Estimated Groundwater Contaminant Concentration at Selected Compliance Well
65| C, Final Groundwater Conc'n:  [ug/L] | 16 15 31 |
66
67 * See below for permissible ranges of intermediate calculated values.
68 ** gee the 'HLC' worksheet for details of the temperature-dependent calculation of H.
69
70 | [Parameter |Permissible * The pre-modeled scenarios actually use residual saturaion (S), nat ® The range for L1 is variable (with a maximum range of 0.5 - 49 m) because

Name Range Key Values gravimetric moisture content. However, for user convenience gravimetric it is a function of the permissible range for RSP and the input values of z
71 STR 01-05 0.1,02505 moisture content is used as the input parameter. The key values for S; and VZT.
72 A 100-2500 | 100, 400, 900, 2500 were 005, 0.3, and 0.55, which correspond to moisture content values of “ The range for z is variable (with a maximum range of 1 - 30 m) because it

RSP 0110 - 01'1 16 0.8078, 4843, and 8879, respectively. Again for convenience, the is a function of the permissible range for STR and the input value of VZT.
73 . S moisture content range is truncated at 1 wt% and extended to 9 wi%, ® The range for w is a function of the permissible range for SA and the
74 L2 0'5'_49 - although values at or above 8.679 wi% are treated as S,values of 0.55. . square footprint of the source area.

H ”“'s't’";m”z”t' 0.29 ° The applicability of the astimation approach used here should be The source width must be less than or equal to 20 mto used =10.

75 = confirmed for sites with recharge between 2.5 and 7.5 cmfyr. See Section
76 4221 of the PNNL report entitted Soil Vapor Extraction System
77 Optimization, Transition, and Closure Guidance for further discussion.
78
7a
M 4 » M| Notice | SVEET /HLC #J I/
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Soil Gas
Concentration Data

Monitoring Well
Concentration
Data

1
amoec 0 '

Groundwater



Well Concentration (ug/L)

Technical Basis
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The presence of discrete source zones (versus a uniformly distributed source)
within the same portion of the vadose zone only has a small effect on
simulated groundwater well concentrations, even to a small effective source

volume (Truex et al. 2013).



SVE Data — Source Strength et tonwest,
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» Data from the SVE
system can be used to

quantify source strength W e
as contaminant mass 5;80 '\\
discharge. Bl S %

» Rebound analysis £ \\ — \ﬁ
estimates source strength & *| Bosnms 1 o wowem

If SVE Is terminated. Can
use this information to

evaluate whether this

source poses a risk.

Brusseau et al. 2010; Carroll et al. 2012, 2013; Truex et al. 2012

10



=

A

Source Zone

Source Zone

Carroll et al. 2012, 2013; Truex et al. 2012; Mainhagu et al. 2014; Brusseau 2015

SVE Data — Source Location
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Transport Calculations S e
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Approach uses a limited set of

parameters based on examining the

effect of parameters on long-term

vapor and groundwater

concentrations Recharge ___cmiyr

Approach uses 3D multiphase Y A ‘
transport because this was shown to '

be important to estimating transport
for volatile contaminants. —| ¥

Spreadsheet tool assesses results of Y“'—mE—m

i\Vapor congentration

pre-modeled scenario results T R e

B Interpolates to give results oo A
relevant to site-specific T —)
conditions

B Enables sensitivity analyses to
be rapidly conducted
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Technical Basis for Parameters

» Because VOC transport was simulated until steady state

o
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conditions were obtained, the effects of sorption could be

neglected (Carroll et al., 2012)

» Sorption may delay the impact to groundwater, but has minimal

Impact on the overall long-term contaminant distribution
source strength remains constant

Gas Concentration (mg/L)}

Gus Concentration (mg/L)
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Pre-Modeled Scenarios e ot
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» STOMP (Subsurface Transport Over Multiple Phases) was used (White
and Oostrom, 2006)

Fully-implicit, integrated finite difference model

Applicable governing equations are the component mass-conservation
equations for water, organic compounds, and air

Simulations were conducted for Base Case (bold) and 971 other cases

Groundwater concentrations at wells located 10, 25, 50, 75, and 100 m
downstream are computed.

Name | Symbol | Simulated Values

gravimetric moisture content (%) 0] 1,3,5,7,9
vadose zone thickness (m) VZT 10, 20, 30, 45, 60

STR 0.1,0.25, 0.5

RSP 0.1,0.5,1,5, 10

SA 100, 400, 900, 2500

g 0.05, 0.0175, 0.03, 0.165, 0.3

Cos 1,2, 10, 20

; 010508510  (0ostrom et
; 5,10,20 o

R 0.4,0.8,2,4,7.5 ’

vy

vy
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Tool Interpolation Basis
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» Comparison of STOMP simulations and interpolations (Oostrom et al.

2014)
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Tool Updates S
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» Provide soil gas concentrations at two depths across the
whole model domain

» Provide groundwater concentration at any location along
the plume centerline

» Expand the range of parameters in the pre-modeled
scenarios

B Enable the tool to be applied at more sites

16
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Soil Gas
Concentration Data

Monitoring Well
Concentration
Data

Groundwater
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Parameter Expansion

Parameter

o
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Residual Moisture
Saturation

Source Thickness Ratio

Vadose Zone Thickness

Source Area (m?)

Groundwater Velocity
(m/day)

Relative Source Position

Evaluation Points as the Basis for Interpolation

0.05 0.3
0.1 0.25
3 10 30
100 400
0.005 0.03
0.1 1

0.55 0.75
0.5 0.75
60 110 150
900 2,500 10,000
0.3 1
10 50

~5,000 Simulations required to extend parameter

ranges to the values in red

19



Parameter Expansion Studies
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Ground-Truthing | R portmest |
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» For sites with pseudo steady-state conditions compare
model results to measured values at specific locations
B Consider uncertainty ranges

Soil Gas
Concentration Data

Monitoring Well
Concentration
Data

Groundwater
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Case Study Hanford Site Conceptual
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DOE 2014, 2016
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Case Study: Hanford Site Parameters fRiiEenivest,

W15-84
W15-217

W15-86
C4938

C4937

W15-8

C5340 _—/

Remaining CT Source

90x 90 m

FESI_2015 0012

DOE 2014, 2016
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W15-95

W15-218

W15-85
— W15-32

— W15-82

\_ W15-48
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Case Study: Decision Logic

o

Pacific Northwest
NATIONAL LABORATORY

Proudly Operated by Batlelle Since 1965

Reuvisit the
CSM to
reflect
new/current
data.

Assess the environmental
impact pathways and
regulatory compliance

context (cumulative risk
and site remediation
goals).

Collect Prepare DQO/SAP to
dditional |<€—identify additional data
data. needs.

FESI_2014_0105

A

Reuvisit risk and
remediation goals.

Are environmental
impact pathways,
cumulative risk, and

remediation goals
adequately defined to
support site closeout?

Make adjustments €
as needed to
support closure.

Prepare SVE closure
document

Quantify the “Will the remainin: : _D_OGS
remaining source, canlamlna?.ion 2 historical rebound
impacts to cause the mnoentraﬁon data
groundwater and groundwater justify restarting SVE
impacts of cleanup levels to at 216-Z-9 andlor
attenuation. be exceeded? . 216-Z-1A?
A
Yes
one additional year|
and evaluate
rebound
Run SVE at
L 216-Z-9 andlor |
216-Z-1Aforone |
additional cycle.

DOE 2014, 2016

24
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Case Study: Results S e
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» Site provided SVE data according to the decision logic
and obtained approval from regulators to terminate the
SVE system

B Approval was based on site data and transport analysis
showing that no additional SVE was needed to meet the
groundwater protection objective

M Vapor intrusion was not an issue for this site

25
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