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Integrated Solutions for AFFF Transition
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AFFF Transition — The problem statement

AFIT/USEPA studies
Rate to
- Lack of treatment -
objectives solution
« Waste handling Faster

and minimization Desorbable layer Slower

« Rebound issues
Slowest

Graphic above from Magnuson, M., “Clean or Replace”
Presentation, US EPA, 2022
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Experimental Setup - bench top

Qantas pipe samples from EPA

30 yr service period / 304 SS / 3” & 4”
sections

Static

500mL hold-up volume

9 solutions / 18hr hold time

Triple rinse

Rebound test with PFAS-free tap water
Motive

1L hold-up volume @ 500 ml/min

Control Round: tap water - rinse — tap water
(each at 0.5, 1, 2, 4hr recirc/sample times)

3 Rounds investigating 2 solution
combinations, different rinse protocols (2hr
recirc), dosing strengths

Rebound tests conducted for ea round / 18hr
hold time
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Bench top results - static tests

* |dentified superior cleaning
solutions compared to control (tap
water); some solutions
equal/inferior to tap

* Wide range of rebound observed

* Top performing solutions advanced
to motive/forward-flow testing

PFAS mass removed (ng)

250,000

200,000
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18-24 hour Soak
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m mass PFAS removed after 24h soak (ng) ® % rebound
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Bench top results — motive flow

» With forward flow, cleaning
solutions outperformed control.

Avg Mass recovered  TOTAL PFAS .
- * Flow increases mass removal.

800,000 * Soak tests (18 hrs):
- 700,000 . 130,000 ng (avg)
& 600,000 * Flow through tests (4 hrs):
B 500,000 330,000 ng (avQ)
g 400,000  Temp increases mass removal
' ful as motive
¥ 30000 (but not as impact
E - force)
9 * 1st extraction does the heavy
100,00 lifting; diminishing returns with
i - increasing recirculation time
MF-1  MF2  MF3  MF4 MRS [Contral (Lang, et al, 2022)
{Tap)
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Bench top results - advancing top performers

* |In all we ran 21 different tests/solutions/ conditions
on PFAS-contaminated pipe

* |[dentified 2-part cleaning solutions with more mass 500,000 476,009
removed than conventional triple rinse Eﬁ 414,080
E 350,000
e Options: £ 300,000
« Cleaning to greatest extent — but takes more g 250000 152,028
: 2 200,000 :
time and generates more waste 2 150,000
» Cleaning to the quickest extent; better than = 100,000
triple rinse but could be cleaned even more w/ 5“’““2
more tlme / p.assles ) _ W TapWater (control)
» Waste minimization — incorporating GAC/IEX m Proprietary Solution #16

' m Proprietary Solution #19
on backside for reduced waste volume roprietary Solution
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Oshkosh TI 3000 Side by Side- Triple Rinse vs CIP Solution

« Company Two Fire
« OSHKOSH, KME, Rosenbauer,
E-One
* Develop working relationship w/
ARFF certification and know-how
* Familiarization
* Pragmatic and practical

* Rebound samples, Swipe samples
collected

» Water returned to NC laboratory for
treatment

* Process improvement focusing on
waste minimization
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ARFF Cleanout - Tank Wall Swi pe Test

Two sets of three samples for ARFF “A”

(asd) (ast)

e

Central chamber of
foam concentrate
tank on ARFF “A”

AS5




ARFF Cleanout - Side by Side Comparison

Truck A = Triple Rinse; mostly fluorotelomer PFAS
Truck B = Montrose Clean In Place (CIP); mostly sulfonates, some fluorotelomers

Truck A and B - Initial Conditions Cleaning Efficiency - Total PFAS

= 100.0%
s 0
2 20,000 22,468 > = 95.0% 296% 98.3%
= S &
2 15,000 & a 90.0%
s E >
I B S F 85.0%
o o .=
o 10,000 c ¥
< 52 80.0%
[~ @ &
§ 500 O 750%
=]
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. B 70.0%
Truck A (3x Rinse) Truck B (CIP) Truck A (3x Rinse) Truck B (CIP)

Dissimilar trucks (PFAS loading and AFFF type) but similar cleaning efficiencies
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ARFF Cleanout - Rebound Ana lyS IS Eﬂii g ==1|;;i§r|1?roRsire]Sglean In Place (CIP)

Cleaning Efficiency - PreOx Cleaning Efficiency - PostOx

100% 100%

80%
95

60% %

0% 90%
20%

0% 85%

Final Rinse 12-day 33-day Final Rinse 12-day 33-day

M Truck A ®mTruck B

TOPA sample results:

- Significantly more rebound with 3x rinse compared with CIP (pre-TOPA)
- Similar rebound between methods (post-TOPA)

© 2024 Montrose Environmental Group, Inc. Proprietary and Confidential.



Truck A ARFF Cleanout - Rebound Analysis

Truck A = Triple Rinse; mostly fluorotelomer PFAS

1000 m Final (preOx) m Final (postOx)
100 m R12d (preOx) W R12d (postOx)
10
<
1
g |
0.1 ~10x increase
in TOT PFAS
0.01 II I
0.001
PFHxA PFHpA PFOA B6:2 FTS | TOT_PFAS
from 6:2 FTS n6:2FTS
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Truck A = Triple Rinse

ARFF Cleanout - SWlpe Sd mpleS Truck B = Montrose Clean In Place (CIP)

PreOx Swipes PostOx Swipes

£00,000 1,300,000
700,000 = T
o B 600,000 o B 10000
i oy E 1,200,000
S E 500,000 2 £ 1,000,000
& 8 400,000 R 800,000
% £ so0om £s
£ g 3m, &g 600,000
2 £ 200,000 2 8 400,000
8"~ 100,000 S 200,000 I I
- m B — . —
A_Initial A Final B_Initial B_Interm B_Firal A_Initial A_Final B_Initial B_Interim B_Final
Sample ID Max contamination to SFFF with 100% Standard
desorption (ug/L) -
N GreenScreen Certified 1 ppm by TOF-CIC
A_Initial 0.10 Firefighting Foam Std
A_Final 0.25 MIL-PRF-32725 1 ppb by 1633
B_Initial 1.00
B_Interim 0.29
B_Final 0.02
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ARFF Cleanout - Making comparisons...

Truck A = Triple Rinse; mostly fluorotelomer PFAS
Truck B = Montrose Clean In Place (CIP); mostly sulfonates, some fluorotelomers

Initial conditions - Truck A v Truck B

1000

100

PFBA  PFPeA PFHxA PFHpA PFOA  PFBS 62 FTS 8:2 FTS

=

ug/L

=

B Truck & B Truck B

Similar FTS concentrations makes comparisons possible ...

© 2024 Montrose Environmental Group, Inc. Proprietary and Confidential. | 15



ARFF Cleanout - 6:2 FTS cleaning efficiencies

Truck A = Triple Rinse; mostly fluorotelomer PFAS
Truck B = Montrose Clean In Place (CIP); mostly sulfonates, some fluorotelomers

6:2 FTS Cleaning Efficiency (Rinsate, PreOx) 6:2 FTS Cleaning Efficiency (Swipe, PreOx)
100 10000
61.4
1000
10 <
- 8 a70 [l 580
‘E o 100
S
1 1.71 £
0.729 10
0.1 )
A Initial A Final A_33d B Initial B Final B 33d A Initial  A_Final  B_Initial B_Interim  B_Final
Rebound Rebound

Considerably more rebound for 3x rinse; Swipe indicates effective cleaning w/ CIP
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ARFF Cleanout - Side-by-side comparison

1400
1200
1000
800
600
400
200

Gallons

Total Waste Generated
(AFFF Concentrate Tank)

2.5

1.5

Days

0.5

Truck A Truck B

Estimated Truck Cleaning Time
(excluding set-up time)

Truck A Truck B

Waste minimization — CIP process generates less waste for disposal
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Summary - What can we say ...

What we have:
* Experience w/ C6 transition / clean-out ops for the USN;
experience with ARFF cleaning ops
» Familiarity across different platforms
e (Oshkosh, KME, E-One, Rosenbauer)
* More know-how than anyone in effluent / rinsate treatment
» Occupational health expertise with ChemSteer (CTEH)

* Preliminary numbers suggesting a solution
that outperforms 3x H,O rinse (rinsate, swipe
samples)

e Further study necessary

e Generation of lower volumes of waste for

disposal

What we don’t have:
 Rebound numbers beyond 33 days
* |nitial concentrations of PFAS on materiel
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