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Former Air Force Base, Texas

- Historic use of AFFF
* Fire Training Area
* Fire Station

- Affected Property Assessment (APA)
* Metrics on soil impacts
» Specific COCs
* VVolume/depth of impacts

PFHxS in Soil —
Fire Training Area |
- Plan / |

PFHxS in Soil -
Fire Training Area ey
- Isometric 2 e S .
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Conceptual Site Model

- Southern High Plains hﬁaﬁ\m
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- Hydrology dominated by %@grggéﬁ_%goﬂ@_@_ S0 Lo
playa lakes 100 | 80 -
- Site-specific geology i , —
* Aeolian
» Caprock caliche
* Fluvial Deposits 1
180— 4

Predictive Integrated Stratigraphic Modeling (PRISM®) Cross-Section
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Project Objective

- Calculate site-specific, leach-based soil standards for PFAS
compounds (Protective Concentration Levels [PCLs])

- Techniques: Texas Risk Reduction Program (TRRP)

* Tier 1: ‘Default’ - uses generic input values

* Tier 2: ‘Site-specific’ - allows use of some site-specific input values
* Tier 3: ‘Modified’ — evaluation method that deviates from Tier 1/2

IMPORTANT POINTS:

 Tier 1/2 techniques utilize partitioning factors derived using EPA EPI Suite™ - Estimation Program Interface and
EPA Risk Assessment Guidance for Superfund (RAGS) techniques.

» Even if RAGS appropriate, published partitioning values for PFAS are highly variable (e.g., log K, ranges
from 1.15 to 4.5 for PFHxS; ITRC, 2023)
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Project Approach

- Utilize lysimeters to perform a
Tier 3 TRRP analysis to develop

site-specific PCLs for PFAS

 Eliminate uncertainty with
physicochemical properties

* Develop ‘area of concern’ (AOC) —
specific values

- Estimate soil-water partition
coefficient (Ksw) and utilize within
the TRRP calculation process
(RAGS)

Preparation
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Scope of Work . FieldAssembly

- Twenty dual chamber lysimeters
* Fire Station, Fire Training Area
* Locations exceed Tier 1 standards

- Depth
* Phase 1 — ~20 feet bgs; 11 lysimeters
* Phase 2 — ~6 to 10 feet bgs; 9 lysimeters

- Sampling
* PFAS in sail
* FOC, grain size, pH, conductivity, cation
and anion exchange capacities

f . L A .l‘- .-‘.:_ \‘:"‘ , .‘_ i, =3 -
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Porewater Collection

- Loss of lysimeter vacuum
* Desiccation of silica flour; numerous
rewetting procedures

- Phase 2

 Shallower depth
* Soil moisture sensors

IMPORTANT POINT:
Arid conditions at the Site limited porewater sample collection, encouraging a modified installation approach
and additional monitoring procedures to improve chances of successful sample collection
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Soil Moisture Monitoring

. . Figure 6. AFFF Area 1 Soil Moisture and REEPLYOO3U/REEPLY003 Vacuum versus Time
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Lysimeter Porewater Results

Deep
1,000,000 1,000,000
Shallow Shallow
Deep
100,000 I 100,000 i
= [ | = |
o &
£ 10,000 £ 10,000
o o
T &
2 1,000 z 1,000
@ o
Q [=]
(=18 (=
W 100 v 100
< <
L L
(= (=
) I I I I m I II
1 1
LY3 Winter LY3 Summer LY3U Summer LY8 Summer 21 LY8 Summer 22 LY10U Summer 22 LY11U Summer 22
B PFOS mPFHXS mPFOA m PFHpA m PFHxA EPFOS mPFHXS mPFOA mPFHpA mPFHxA
Fire Station Fire Training Area

6' aecom.com




Site-Specific Standard Calculation — Method #1

T_ 2 PC L by Charles D. Stone TCEQ/RMD Tech Support 512 239-5825 cstone@tceq.state.tx.us
B ler TCEQ TRRP Tier 2 Soil-to-Groundwater PCL Calculator
[ ] C a I C u I ate S i te_S p eCifi C Reference Name: ‘ Soil-to-GW | Sample Reference #: I:I Date of Calculation: September 30, 2022 |
GWS R I PC L . octane Sulfonate (PFOS) Comments: |CAS #1763-23-1 (PFOS in ERPIMS) |
((j) I I n T E u Sll':]g R P Yo Gl T o (e G T T Calculates soil clean-up concentration which is protective of groundwater for the given Groundwater PCL
- i t using Eqn. 1
standards TCEQ
W . . Critical GW PCL x Lateral Dilution Factor Distance from Top of A ffected Soil to GW
p roced u reS Seil = COC Soil-leachate Partition Factor ' Thickness of Affected Soil

. . . GW PCL-LDF L,
- Result: Five of five T Soil = ——— Ean. 1

locations exceeded
comparison level

Calculates the Tier 2 value of the COC partition factor from affected vadose zone source zone into soil water

COC Soil-Leachate Partition Factor (leachate)

Soil bulk density
Soil vol. water content + (soil - water partition coeff. x Soil bulk density) + (Henry' s Law const. X Soil vol.air content)

COC Soil - Leachate Partition Factor =

— ;—_—Eb—-_-_-_
Swo T i | |
0, +!Kd§7b + !H'Q!;s (Eqn. 3)

K

NOTE: Only ONE (1) K, is used
nput EITHER: Log K,./K4 OR Inerg K,

IMPORTANT POINT:
TRRP-selected physicochemical parameters utilized for partitioning
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Site-Specific Standard Calculation — Method #2

- Anderson (2021) Method
* [f measured porewater from lysimeter is greater than ‘porewater comparison level’, soil will leach

to groundwater
- LDF — leachate dilution factor; calculated from Tier 2 PCL equations

- Result: Four of five locations exceed comparison level

Porewater comparison level = “VGWi, PCL*LDF Equation 1

Leachate Dilution Factor Calculation Calculates the Tier 2 value for the dilution factor of a COC in vadose zone leachate that is mixed with groundwater

N GW Darcy Velocity x GW Mixing Zone Thickness
Net Infiltration Rate x Length of Affected Soil in Direction of GW flow

Lateral Dilution Factor = 1

(»"r 6
oW gw
LDF = 1+——= (Eqn. 2)
NOTE: GW Mixing Zone Thickness (8,,,) can not be ] H"
greater than Aquifer Thickness (b,). Calculator selects s

correct value.

TCEQ TRRP Equation
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Site-Specific Standard Calculation — Method #3

Lysimeter soil and porewater results used to calculate soil-leachate
partition factor (Ksw) (Tier 3)

Ksw Calculation GWSoil PCL Calculation
" (—,,'g — H,0) O CW it = (Groundwaterrcl)LDF L,
— t oil = '
sW m . Sws + deﬂ' + Hrgc:r.s Km" I”
_ — soil ),
ke i
l CW soit = (Groundwaterrc)LDF L,
C1H’ — .D.EJ' , ot Clﬂi L'l
(..i"' Uwq +Kdﬂrf+1rf Uﬁq C,f‘
Where:
Cw = leachate concentration (mg/L) [from lysimeter] . . ]
Ct = soil concentration (mg/kg) [from soil at lysimeter location] Result: Four of five locations exceed comparison level

IMPORTANT POINT:
L2/L1 ratio accounts for additional sorption between impacted soil and water table
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GWSoil, ., Comparison

Ing

10000 3

1000 1

100é
I o [] I

0.1
PFPeA PFHxXA PFHXS PFHpA PFOA PFOS
H Default Tier2 M Tier3

GWSoil PCL (ug/kg)
o

IMPORTANT POINT:
Lysimeter data and Tier 3 analysis resulted in higher "Soil,,, standards for all PFAS COCs.
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Project Implications

10,000,000

1,000,000
100,000
10,000
1,000
100

10

1

PFOS PFHXS PFOA
M Tier 1 Tier 3

Soil Volume above PCL (ft3)

Extent of PFHxS in So:l > PCL - Tler 1 and Tler 3

IMPORTANT POINT:
Significantly less soil requiring remediation using Tier 3 methods
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Soil Parameters

Gravel

Sand % 62.3 35.6
Silt % 31.2 40.8
Clay % 6.5 19.8
Anion Exchange Capacity meq/100g 40.6 43
Cation Exchange Capacity meq/100g 10.8 7.47
pH SU 8.34 8.69
Fraction Organic Carbon g/g 0.00385 0.0347
Electrical Conductivity ds/m 0.24 0.36

IMPORTANT POINT:
Fraction organic carbon (FOC) only parameter significantly different between locations.
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Partitioning Comparison

10 ®

Low f,_leaches more PFHXA

(g}
g 1
o " ®PFHpA
=
- " ® PFHXS
% 0.1 .,
~ . PFOA
PFOS e
High f, leaches more
0.01
0.01 0.1 1 10

Ksw - Lysimeter 8

® Data =I|Jnit Slope

IMPORTANT POINT:
Sulfonates preferentially leach more at higher FOC; Low molecular weight carboxylates preferentially leach less at higher FOC
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(" ]
Lessons Learned e SR i e
- 9 -
_ L - v e ° ° ®
- Tier 3 approach accepted ® - & oy L . i i
by TCEQ = v . . - = =
» Significantly less volume - o " = v —a A .
requiring remediation - r I e o 5
. . . v - * » - - a *
- Lysimeter preparation and > . \ r - -
installation . s EW | .
- Gas-rated fittings b ® * _ e
» Silica flour preparation g 1 e "l = 5 —
- Rewetting procedures N el iy S — = i .
* Moisture sensors ® = 0
LE N & . ~ & 1 0]
- Sltelhydrology e o la e = g @ ®
* Arid = . — - | =
* Deep water table
Distribution of 0 3.75 7.5 .
playa lakes 1 Miles

Source: Playa Lakes Joint Venture
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