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How Can We Use Mass Flux and Mass Discharge to
Better Manage our sites?

1. Site
characterization and

CSM development

2. Potential
impacts and

exposure
evaluation

prioritization
Mass Flux or
Mass Discharge
5. Compliance _ 3. Remediation
monitoring selection and
design

4. Performance
monitoring and
optimization

From ITRC Document on Mass Flux 2010

Look at 4 sites to consider the link between characterization and remediation
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Site 1: PFAS Flux Measurement at a
former Fire Training Area

Dirk Pohlmann, PE, Ryan Morrish, and Andrea Slowey (Bay West LLC)

Matt Marrs, PG, REM (Air Force Civil Engineer Center)

Paul Rekowski, PE (AGEISS Inc.)

Dr. Jaehyun Cho (EnviroFlux)
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Standard Passive Flux Meters (PFMs)
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Method 3: Passive Flux Meters

* Permeable sorbent

— Accumulates
contaminant

—

based on flow and —

concentration

* Soluble tracers

— Loses tracer based
on groundwater
velocity and flux
convergence
calculations

Source: Haffield and Annable
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Method 3: Passive Flux Meters (cont.)

: Example Profile from Ft. Lewis (Well LC-211)
Installation Pre- and Post-Remediation Darcy and TCE Flux
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Scale of the Problem

Aqueous Film Forming Foams (AFFF)

PFAS found in many household products

Major challenge at aircraft facilities

Bigger than LNAPL & DNAPL Combined
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Wurtsmith Air Force Base Site Map

PFAS Firefighting Foams source of
contamination

Being treated with a pump and treat system
PFMs deployed 2017

PFM measured fluxes compared to pump
mass fluxes at transect
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Conceptual PFAS PIume
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Conceptual PFAS PIume
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PFOS X-section Map and Plume Area
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Pumping Mass Flux Estimates
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PFM Deployment Locations
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" = Used non-ionic resin for
capture of PFOS
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| PFAS-PFM based
. | = . block centered Mass
SRR = = G = 1 Discharge
| s=- 15
RS .
e | - | s
el S | 1L = |- About 2.5 g/day PFOS
T Lol j= b= | E Mass Discharge from Pump and
s WR——— s Treat System 3.9 g/day PFOS
Table 2. PFOA/PFOS Flux and Daily Mass Based on PFMs
Well ID Area PFOS flux | PFOS Mass | PFOA flux | PFOA Mass
(M?) (ug/M’/day) (g/day) (ug/M’/day) (g/day)
FT02-FTP11S 114.0 651 0.074 51 0.006
FT02-FTP11M 139.9 0.0 0.000 0.7 0.000
FT02-FTP11D 77.7 0.0 0.000 0.7 0.000
FT02-FTP12S 104.1 16,205 1.686 1,990 0.207
FT02-FTP12M 127.7 2.5 0.000 1.9 0.000
FT02-FTP12D 71.0 57 0.000 4.6 0.000
FT02-FTP13S 178.4 3,200 0.571 251 0.045
FT02-FTP13M 218.9 0.8 0.000 0.9 0.000
FT02-FTP13D 121.6 6.8 0.001 1.9 0.000
FT02-FTP14S 178.4 413 0.074 1.3 0.000
FT02-FTP14M 218.9 0.0 0.000 0.8 0.000
FT02-FTP14D 121.6 0.9 6~008 0.9 0.000
Total 0.259
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PFOS PFM Mass Discharge Estimates
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Mass balance: groundwater to stream
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flow
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= PFM PFOS Discharge to Stream = 2.4 g/day
= Streamflow estimated = 0.1 m3/s

= Concentration of PFOS in stream = 290 ng/L

Contaminated
site

Ottosen et al., Water Research, 2020.
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Site 1 Summary

= PFM and Pump methods of daily mass flux yielded similar results
e.g., 2.4 g/day vs. 3.9 g/day

= Non-ionic resin PFMs can be used for estimating PFAS mass flux

= This might be called “Contaminant Mass Discharge Remedial Design”

Reminder: Characterization/Remediation Link
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Site 2 Summary

= Transects can be used to estimate mass flux over time

= Spatial-temporal site characterization can identify portions of the site
that require active remediation

= Might describe this as “Mass Discharge Dynamic Characterization”
Resulted in no aggressive remediation rather MNA
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Industrial contamination discharged to surface waters through the
hyporheic zone: Site Conceptual Model SCM

1. How much attenuation takes
place in the hyporheic zone?

2. Can the hyporheic zone serve
as an in-situ bioreactor?
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Sediment Passive Flux Meter (SPFM)

» Vertical water and v
contaminant fluxes

* Flow can occur in both Water
directions
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Installation and
Retrieval

Site 4: Industrial
Site in Maryland
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Early mass balance results suggest Pumping flow rate

can be reduced at a later stages of operation
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Sediment Passive Flux Meter (SPFM)

1 1
Groundwater Flow Direction

Grab sample total PFAS ~ 100 ng/L
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Grundlage:

Ll \ - Raumliches Informations- und
\ Planungssystem (RIPS) der LUBW
- Amtliche Geobasisdaten © LGL
KOG 11 (www.Igl-bw.de, Az.: 2851.9-1/19)
(CYLUBW/LGL, BKG | ynd © BKG (www.bkg.bund.de)
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Specific Discharge (cm/day)

UF
Sediment Passive Flux Meter (SPFM)

0.60

0.50

0.40

0.30

0.20

0.10

Herbert Wertheim College of Engineering
DEPARTMENT OF ENVIRONMENTAL ENGINEERING SCIENCES

POWERING THE NEW ENGINEER TO TRANSFORM THE FUTURE

Groundwater Flow Direction

Grundlage:
- Raumliches Informations- und
Planungssystem (RIPS) der LUBW
- Amtliche Geobasisdaten © LGL

(www.Igl-bw.de, Az.: 2851.9-1/19)
und © BKG (www.bkg.bund.de)

o) LUBW, LGL, BKG
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PFAS Mass Flux

m SPFM-1 SPFM-2 = SPFM-3 = SPFM-4
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PFAS Discharge to Groundwater Fed Lake

Lake volume estimated at 6.29M m?3

Ner one year concentration = 350 M

6.1 g/day Total PFAS Same magnitude as grab samples
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Part 2 Summary

= Discharge from SPFM-4 dominated mass discharge to lake

= Flux-averaged concentration = 350 ng/L
= Same magnitude as grab sample

= SPFM can be used to assess discharges accurately

= Mass flux more than traditional “grab sample” concentration
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Summary Talk

* Quantifying Mass Discharge at PFAS contaminated sites
improves our ability to link to surface water bodies

« PFOS and PFOA PFM development continues
(approximately 20 sites — EnviroFlux, i-Flux)

 Vadose zone surfactant transport is quite complex, do we
need a model capable of simulating this behavior?

30
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Site 4 Summary

= SBPFMs showed a significant decline in Mass Discharge after Pump
and Treat was initiated

= Site Mass Balance is consistent between control planes

= This could be considered a local “Mass Flux based design of P&T and
Performance Assessment’
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3990 EXPLANATION :| Former fire training area
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Discharge, in g/day Total PFAS
discharge
ECF- L .
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Year ) ) . . manufacture Total
plane chain chain chain chain manufactured control plant
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PFSAs PFSAs PFCAs PFCAs PFCA precursor width, in
precursor
mg/m/day
FTA 2020 1.4 17 5.6 3.2 0.037 3.5 31 43
FTA 2021 0.62 14 3.7 1.8 0.031 2.7 23 32
North PI
OTIAYE 020 034 11 2.5 0.11 0.006 0.34 4.4 6.0
Lake
10
EFTA 2020 DEFTA2021 ENPL 2021
=
=
= 1
i ]
=9
L
E
=
= ()]
E
)
=
=]
= 001
©w
=
0001 - e & e e e T - o o o = * * o P *
s & %2 ¢ 28 & % % 3 3 2 & % 3 E E B
[ s = s a o = e o & a e =] & ™ o
il I J L = 5 2 9= o o
v g Long-chain = ﬁ . N g
Short-chain Long-chain Short-chain - o
PFSAS PFSAS PFCAS PFSAS =/ Telomerization

ECE-manufactured Méanufactured PFSA
PFSA precursors precursors

Figure 1



Herbert Wertheim College of Engineering

POWERING THE NEW ENGINEER TO TRANSFORM THE FUTURE

DEPARTMENT OF ENVIRONMENTAL ENGINEERING SCIENCES




	Slide 1
	Slide 2: How Can We Use Mass Flux and Mass Discharge to Better Manage our sites?
	Slide 3: Site 1: PFAS Flux Measurement at a former Fire Training Area 
	Slide 4: Standard Passive Flux Meters (PFMs) 
	Slide 5: Method 3: Passive Flux Meters
	Slide 6: Method 3: Passive Flux Meters (cont.)
	Slide 7: Scale of the Problem
	Slide 8: Wurtsmith Air Force Base Site Map
	Slide 9: Conceptual PFAS Plume  
	Slide 10: Conceptual PFAS Plume  
	Slide 11: PFOS X-section Map and Plume Area
	Slide 12: Pumping Mass Flux Estimates
	Slide 13: PFM Deployment Locations
	Slide 14
	Slide 15: PFOS PFM Mass Discharge Estimates 
	Slide 16: Mass balance: groundwater to stream
	Slide 17: Site 1 Summary
	Slide 18: Site 2 Summary
	Slide 19
	Slide 20: Sediment Passive Flux Meter (SPFM)
	Slide 21
	Slide 22: Installation and Retrieval  Site 4: Industrial Site in Maryland
	Slide 23
	Slide 24
	Slide 25: Sediment Passive Flux Meter (SPFM) 
	Slide 26: Sediment Passive Flux Meter (SPFM) 
	Slide 27: PFAS Mass Flux
	Slide 28: PFAS Discharge to Groundwater Fed Lake
	Slide 29: Part 2 Summary
	Slide 30: Summary Talk
	Slide 31: Site 4 Summary
	Slide 32
	Slide 33
	Slide 34
	Slide 35

