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Outline
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• Smart Characterization & Mass Flux Framework

• Case Study: PFAS Mass Discharge

• Adaptive Investigations

• PFAS Mobile Laboratory

• Case Study: Adaptive PFAS Site Characterization



© Arcadis 2018 14 November 2019 3

Its not just about more data, its what you do with the data that counts:

Smart Characterization
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Traditional 
Investigation

10 April 2019

Return on Investigation
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CapEx

Long-term 
O&M

Smart 
Characterization
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O&M

Investigation 
Stage

Remediation 
Stage

Time

Total 
$$

ROI - Reduced 
total life-cycle 
costs

10 April 2019

Return on Investigation
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Monitoring Wells vs. High Res

1. Characterize   2. Focused MW Install
14 November 2019 6

Monitoring wells are for 
monitoring, not site 
characterization:
• Provide 

– Average permeability 
– Average concentration 

• Can miss mass
– Accuracy vs Precision

• End up with more wells than needed

– Expensive to sample
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Source: D.F. Ritter et. al., Process Geomorphology, 3rd Edition

Basal Till

Lacustrine

Starts with Depositional 
Environment…
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Meandering Channel

Transport zones Storage zones

Link mass flux analysis 
with geological 
interpretation 

• Describe the 3-D aquifer 
architecture

• Focus evaluation on 
zones that matter

Flux-Based Conceptual Site Models
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Sand 
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Permeability & Aquifer Profiling
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PFAS Mass Flux/Mass Discharge

14 November 2019 11

Objective: 
Quantify impact to river 
• Rank and prioritize 

remediation

0 feet

500
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Source Areas
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Est. Hydraulic 
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Concentration
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Mass Flux: PFOS
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J = K i C

• Incorporate hydraulic gradient to estimate mass flux 

Mass Flux (ng/day/ft2)
>10

>1 - 10

>0.1 - 1

>0.01 – 0.1

>0.001 – 0.01

>0.0001 – 0.001

<0.0001

Majority of mass flux occurs in two discrete zones
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Background Loading in River: 10,000 mg/day

Md =  ∫A J A 
(mass/time)

J = Mass Flux 
(mass/time/area)

A = Total area

• Export the nodal data from the mass flux model 
and sum

• Groundwater Discharge: 24 gpm

• PFOS Mass Discharge: 0.05 mg/day

Mass Discharge
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PFAS Special Considerations

Organic Carbon Partitioning
• Inhibits migration, particularly for longer 

chain PFASs

Electrostatic Interaction
• Partitioning in vadose zone due to 

electrostatic interaction

Air-Water Interface
• Mass storage in phreatic zone -

unconfined aquifers, 
– dry or deep environments with limited 

flushing

*Anderson et. al. 2019

Apparent Log(Koc)

Hydrophobic 

Hydrophilic 
(-)PFOS
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Understanding Mass Distribution

17

Transport

Slow 
Advection

Storage

Source Age:

Remediation:

Clay

Sand

Silt

Flux in transport zones:
• Vadose Zone 
• Phreatic Zone
• Minimal back-diffusion
• Source Removal/Capture & 

Treat/Stabilize

Hard

New

GW

Clay

Sand

Silt

Harder

Flux in transport /slow 
advection:
• Mass flux in slow advection 

potentially significant
• Back diffusion from silt 

ongoing issue

Moderate

GW

Clay

Sand

Silt

Hardest

Mass distributed across 
all hydrofacies:
• Significant mass in storage 

zones and along plume
• Options for source removal 

limited

Mature

GW
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• Adaptive grids &  
transects

• High resolution soil and 
groundwater sampling

• Mobile Laboratories for 
real-time decision 
making

Adaptive Approach

An adaptive approach reduces cost by eliminating unnecessary 
borings and reducing mob/reporting cycles
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PFAS Mobile Lab

Pace Analytical Services 
§ DoD ELAP accreditation

§ Soil and groundwater

§ Modified USEPA 537

§ DoD QSM 5.1 Compliant

§ Single digit ppt detection limits

§ 20 to 30-minute turnaround times

§ 20 to 30 samples per day throughput

14 November 2019 19
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PFAS Mobile Lab - Exterior
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PFAS Mobile Lab - Interior
Shimadzu Model 8050 LC/MS/MS

Gerstel Robotic Multi Purpose Sampling DI/SPE

Equipment refitted to eliminate fluoropolymers (blanks free of contamination)

Nitrogen Generator

20kW diesel Generator

Completely self-contained lab
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• Hydrostratigraphic Profiling
– Identify storage versus transport zones via 

HPT
– Mass flux analysis

• High-Frequency Sampling
– Vadose/Phreatic zone - soil/lysimeter
– Low permeability – soils
– High permeability – groundwater

• Adaptive
– Primary locations to bound plume
– Adaptive locations to “zoom in”

ESTCP Project –
Validation of Streamlined Mobile Lab Methods for 
Real-time PFAS Characterization

X-Sec

Plan View
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• Quantitative  
– Standard Method 537 DoD QSM 5.1 for 24 

PFAS via mobile lab 
• Semi-Quantitative 

– Accelerated on-site PFAS analyses using 
in-line SPE LC/MS/MS for limited site-
specific analytes

• Qualitative 
– Screening PFAS Analyses using Methylene 

Blue Active Substances (MBAS)

ESTCP Analytical Validation

Site Selection - Grayling Army Airfield 
14 November 2019 23
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RACER Trust
Lansing, Michigan

Former Automotive Plating 
Line:

• PFAS used as part of plating 
mist suppressant system

• Detections of PFAS in existing 
wells in 2017

• PFAS Mobile Lab for Adaptive 
Delineation

14 November 2019 24

Groundwater 
Recharge

Former 
Plating Line
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Site Geology

Transport
(Sand/Gravel)

Slow Advection
(Silt/Sandy Silt)

Storage
(Clay/Glacial Till)

Generalized Hydrostratigraphy

Approximate Water Table

Groundwater Sample

PFOS

B

B’
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PFAS Delineation

14 November 2019 26

Used an adaptive grid and 
PFAS Mobile Lab

Two mobilizations; on-site, 
off-site

• >100 Groundwater 
Samples

• Total field time of 3-4 
weeks
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PFAS Mobile Lab / Fixed Lab 
Data Comparison

27

Mobile Lab 
GW, ng/L

Fixed Lab 
GW, ng/L

Fixed Lab 
Extract, ng/L

RPD - GW vs. 
GW

RPD - GW vs. 
Extract

2740 2400 2200 13 22
6800 8800 5400 26 23

9 7 9 30 5
51 42 46 18 9

501 6400 420 171 18
42 33 38 24 10
41 20 21 69 65
9 6 9 39 1

19 14 14 32 32
78 66 44 17 56

Averages 36 33

PFOS and PFOA
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PFOS and PFOA GW vs. Extract

Y = 1.18x + 562
R2 = 0.65

Y = 0.79x + 1.88
R2 = 0.99

Outlier


Table

		Sample ID								SB-A14-BM129 (5-10)						SB-A14-BT129 (2-7)						SB-A14-CL79 (15-20)						SB-A17-EX138 (8-9)						SB-A18-CH142 (10-15)

		Sample Date								8/25/2017						8/23/2017						8/25/2017						8/25/2017						8/23/2017

		Compound		Units		DW		GSI		Cascade		Eurofins (sample) - 9240926		Eurofins (extract) - 9240931		Cascade		Eurofins (sample) - 9240925		Eurofins (extract) - 9240930		Cascade		Eurofins (sample) - 9240929		Eurofins (extract) - 9240934		Cascade		Eurofins (sample) - 9240927		Eurofins (extract) - 9240932		Cascade		Eurofins (sample) - 9240928		Eurofins (extract) - 9240933

		PFBA (Perfluorobutyric acid)		ng/L		--		--		29 QZ		< 10				196 QZ		27				< 20.0 QZ		7 J				434 QZ		< 10				499 QZ		< 10

		PFBS (Perfluorobutanesulfonic acid)		ng/L		--		--		< 8.58 		< 3				8.81 JQ		5				< 8.85 		< 3				< 8.67 		< 3				< 8.32 		5

		PFDA (Perfluorodecanoic acid)		ng/L		--		--		< 19.4 		1      J				21.9 JQ		10				< 20.0 		< 2				< 19.6 		2				7 J		8

		PFHpA (Perfluoroheptanoic acid)		ng/L		--		--		< 9.70 		3				11.7 Q		5				< 10.0 		1 J				< 9.80 		5				20.1 		12

		PFHpS (Perfluoroheptanesulfonate)		ng/L		--		--		197 		99				38.8 Q		14				< 19.0 		< 2				< 18.6 		< 2				219 		84

		PFHxA (Perfluorohexanoic acid)		ng/L		--		--		12.6 		<2				38.1 Q		12				< 10.0 		3				77.1 		10				31.3 		20

		PFHxS - Total (Perfluorohexanesulfonic acid)		ng/L		--		--		24.1 		23				21.8 Q		12				< 14.8 		1 J				< 14.5 		< 1				147 		100

		PFOA (Perfluorooctanoic acid)		ng/L		70		12,000		41.8 		33				40.6 Q		20				8.99 J		6				19.3 		14				78.4 		66

		PFOS - Total (Perfluorooctanesulfonic acid)		ng/L		70		12		2,740		2,400				6,800 Q		8,800				9.48 		7				50.5 		42				501 		6,400

		PFPeA (Perfluoropentanoic acid)		ng/L		--		--		< 9.70 		--				< 11.4 Q		--				< 10.0 		--				< 9.80 		--				< 9.40 		--



		Notes:

		Bold - Indicates compound was positively detected

		DW - 2017 Proposed MDEQ Part 201 Drinking Water Criteria

		GSI - 2017 Proposed MDEQ Part 201 Groundwater Surface Water Interface Criteria

		Gray Shading - Indicates an exceedance of one or more proposed 2017 MDEQ Part 201 Criteria

		Qualifiers:

		E - Estimated value, marginally above calibration level

		J - Estimated value

		Q - Associated with QC failure

		Z - Use data with caution: poor chromatography and/or matrix effects





Filtering for hits only

		SB-A14-BM129 (5-10)		Cascade		Eurofins GW		Eurofins Extract		Eurofins (sample) - 9240926		Eurofins (extract) - 9240931		Comments		False Positives		False Negatives						All Analytes														RPD GW		RPD Extracts

		PFBA (Perfluorobutyric acid)		29 QZ		< 10		< 40		ok		SS out		Knew early on in project that thiis was a problem. Client was informed. Low priority cpd. Matrix interference - rt, peak splitting and other peaks present. Changed chemistry on cartrdge - more robust extraction - have not had trouble since.   										Cascade GW, ng/L		Fixed Lab GW, ng/L		Fixed Lab Extract, ng/L		Cascade GW, ng/L		Fixed Lab GW, ng/L		Fixed Lab Extract, ng/L

		PFBS (Perfluorobutanesulfonic acid)		< 8.58 		< 3		< 10		SS out		SS out										All Analytes		197.00		99.00		97.00		197.00		99.00		97.00				66		68																				Regression data

		PFDA (Perfluorodecanoic acid)		< 19.4 		1      J		< 8																24.10		23.00		17.00		24.10		23.00		17.00				5		35

		PFHpA (Perfluoroheptanoic acid)		< 9.70 		3		4 J																41.80		33.00		38.00		41.80		33.00		38.00				24		10																				Y = 1.25x + 177

		PFHpS (Perfluoroheptanesulfonate)		197 		99		97																2740.00		2400.00		2200.00		2740.00		2400.00		2200.00				13		22																				R2 = 0.69

		PFHxA (Perfluorohexanoic acid)		12.6 		<2		<8								1								8.80		5.00		7.00		8.80		5.00		7.00				55		23

		PFHxS - Total (Perfluorohexanesulfonic acid)		24.1 		23		17																21.90		10.00		9.00		21.90		10.00		9.00				75		83																				without outlier

		PFOA (Perfluorooctanoic acid)		41.8 		33		38																11.70		5.00		8.00		11.70		5.00		8.00				80		38

		PFOS - Total (Perfluorooctanesulfonic acid)		2,740		2,400		2,200																38.80		14.00		15.00		38.80		14.00		15.00				94		88																				Y = 1.25x - 64

		PFPeA (Perfluoropentanoic acid)		< 9.70 		--		--																38.10		12.00		16.00		38.10		12.00		16.00				104		82																				R2 = 0.99

		SB-A14-BT129 (2-7)		Cascade		Eurofins GW		Eurofins Extract		Eurofins (sample) - 9240925		Eurofins (extract) - 9240930												21.80		12.00		11.00		21.80		12.00		11.00				58		66

		PFBA (Perfluorobutyric acid)		196 QZ		27		< 50				SS out		Do not include PFBA										40.60		20.00		21.00		40.60		20.00		21.00				68		64

		PFBS (Perfluorobutanesulfonic acid)		8.81 JQ		5		7 J		 		SS out												6800.00		8800.00		5400.00		6800.00		8800.00		5400.00				26		23																 		 

		PFDA (Perfluorodecanoic acid)		21.9 JQ		10		9 J																8.99		6.00		9.00		8.99		6.00		9.00				40		0																		 

		PFHpA (Perfluoroheptanoic acid)		11.7 Q		5		8 J																9.48		7.00		9.00		9.48		7.00		9.00				30		5

		PFHpS (Perfluoroheptanesulfonate)		38.8 Q		14		15 J																77.00		10.00		12.00		77.00		10.00		12.00				154		146

		PFHxA (Perfluorohexanoic acid)		38.1 Q		12		16																19.30		14.00		14.00		19.30		14.00		14.00				32		32

		PFHxS - Total (Perfluorohexanesulfonic acid)		21.8 Q		12		11 J																50.50		42.00		46.00		50.50		42.00		46.00				18		9

		PFOA (Perfluorooctanoic acid)		40.6 Q		20		21																7.00		8.00		 		20.10		12.00		10.00				13		67																				Y = 0.798x - 16.7

		PFOS - Total (Perfluorooctanesulfonic acid)		6,800 Q		8,800		5,400																20.10		12.00		10.00		219.00		84.00		23.00				50		162																				R2 = 0.99

		PFPeA (Perfluoropentanoic acid)		< 11.4 Q		--		--																219.00		84.00		23.00		31.30		20.00		12.00				89		89

		SB-A14-CL79 (15-20)		Cascade		Eurofins GW		Eurofins Extract		Eurofins (sample) - 9240929		Eurofins (extract) - 9240934												31.30		20.00		12.00		147.00		100.00		71.00				44		70

		PFBA (Perfluorobutyric acid)		< 20.0 QZ		7 J		< 40				SS out		Do not include PFBA										147.00		100.00		71.00		78.40		66.00		44.00				38		56

		PFBS (Perfluorobutanesulfonic acid)		< 8.85 		< 3		< 10		SS out		SS out												78.40		66.00		44.00		501.00		6400.00		420.00				17		18

		PFDA (Perfluorodecanoic acid)		< 20.0 		< 2		< 8																501.00		6400.00		420.00										171

		PFHpA (Perfluoroheptanoic acid)		< 10.0 		1 J		< 8																												Average		57		55

		PFHpS (Perfluoroheptanesulfonate)		< 19.0 		< 2		< 20														PFOS ONLY		PFOS Only														RPD GW		RPD Extracts

		PFHxA (Perfluorohexanoic acid)		< 10.0 		3		4 J																2740.00		2400.00		2200.00		2740.00		 		2200.00				13		22

		PFHxS - Total (Perfluorohexanesulfonic acid)		< 14.8 		1 J		< 10																6800.00		8800.00		5400.00		6800.00		 		5400.00				26		23

		PFOA (Perfluorooctanoic acid)		8.99 J		6		9																9.48		7.00		9.00		9.48		 		9.00				30		5

		PFOS - Total (Perfluorooctanesulfonic acid)		9.48 		7		9 J																50.50		42.00		46.00		50.50		 		46.00				18		9

		PFPeA (Perfluoropentanoic acid)		< 10.0 		--		--																501.00		6400.00		420.00		501.00		 		420.00				171		52

		SB-A17-EX138 (8-9)		Cascade		Eurofins GW		Eurofins Extract		Eurofins (sample) - 9240927		Eurofins (extract) - 9240932												 												Average		52		22

		PFBA (Perfluorobutyric acid)		434 QZ		< 10		< 40				SS out		Do not include PFBA								PFOS and PFOA ONLY		PFOS and PFOA Only														RPD GW		RPD Extracts																				Y = 1.01x + 1487

		PFBS (Perfluorobutanesulfonic acid)		< 8.67 		< 3		< 10		SS out		SS out												2740.00		2400.00		2200.00		2740.00		 		2200.00				13		22																				R2 = 0.56

		PFDA (Perfluorodecanoic acid)		< 19.6 		2		3 J																6800.00		8800.00		5400.00		6800.00		 		5400.00				26		23

		PFHpA (Perfluoroheptanoic acid)		< 9.80 		5		8 J																9.48		7.00		9.00		9.48		 		9.00				30		5

		PFHpS (Perfluoroheptanesulfonate)		< 18.6 		< 2		<20																50.50		42.00		46.00		50.50		 		46.00				18		9

		PFHxA (Perfluorohexanoic acid)		77.1 		10		12																501.00		6400.00		420.00		501.00		 		420.00				171		18

		PFHxS - Total (Perfluorohexanesulfonic acid)		< 14.5 		< 1		<10																41.80		33.00		38.00		41.80				38.00				24		10

		PFOA (Perfluorooctanoic acid)		19.3 		14		14																41.00		20.00		21.00		41.00				21.00				69		65

		PFOS - Total (Perfluorooctanesulfonic acid)		50.5 		42		46																8.90		6.00		9.00		8.90				9.00				39		1

		PFPeA (Perfluoropentanoic acid)		< 9.80 		--		--																19.30		14.00		14.00		19.30				14.00				32		32

		SB-A18-CH142 (10-15)		Cascade		Eurofins GW		Eurofins Extract		Eurofins (sample) - 9240928		Eurofins (extract) - 9240933												78.00		66.00		44.00		78.00		 		44.00				17		56

		PFBA (Perfluorobutyric acid)		499 QZ		< 10		< 40				SS out		Do not include PFBA										 												Average		44		24

		PFBS (Perfluorobutanesulfonic acid)		< 8.32 		5		3 J				SS out

		PFDA (Perfluorodecanoic acid)		7 J		8		<8																1) Remove PFBA from data set - Cascade's program was flawed																																				Y = 0.79x + 12.6

		PFHpA (Perfluoroheptanoic acid)		20.1 		12		10																2) No false negatives and one flase positive out of 40 comparisons																																				R2 = 1

		PFHpS (Perfluoroheptanesulfonate)		219 		84		23

		PFHxA (Perfluorohexanoic acid)		31.3 		20		12

		PFHxS - Total (Perfluorohexanesulfonic acid)		147 		100		71

		PFOA (Perfluorooctanoic acid)		78.4 		66		44

		PFOS - Total (Perfluorooctanesulfonic acid)		501 		6,400		420

		PFPeA (Perfluoropentanoic acid)		< 9.40 		--		--

						Totals										1		0

										Notes 

										PFOS at 2 in Trip Blak water from EF

																																																												Y = 1.18x + 562

																																																												R2 = .65

																																																												Y = 0.79x + 1.88

																																																												R2 = .99



GW vs. GW



197	24.1	41.8	2740	8.8000000000000007	21.9	11.7	38.799999999999997	38.1	21.8	40.6	6800	8.99	9.48	77	19.3	50.5	7	20.100000000000001	219	31.3	147	78.400000000000006	501	99	23	33	2400	5	10	5	14	12	12	20	8800	6	7	10	14	42	8	12	84	20	100	66	6400	





GW vs. Extract



197	24.1	41.8	2740	8.8000000000000007	21.9	11.7	38.799999999999997	38.1	21.8	40.6	6800	8.99	9.48	77	19.3	50.5	20.100000000000001	219	31.3	147	78.400000000000006	501	97	17	38	2200	7	9	8	15	16	11	21	5400	9	9	12	14	46	10	23	12	71	44	420	





PFOS ONLY GW vs. GW



2740	6800	9.48	50.5	501	2400	8800	7	42	6400	





PFOS Only GW vs. Extract



2740	6800	9.48	50.5	501	2200	5400	9	46	420	





PFOS and PFOA ONLY GW vs. GW



2740	6800	9.48	50.5	501	41.8	41	8.9	19.3	78	2400	8800	7	42	6400	33	20	6	14	66	





PFOS and PFOA Only GW vs. Extract



2740	6800	9.48	50.5	501	41.8	41	8.9	19.3	78	2200	5400	9	46	420	38	21	9	14	44	







tables only





				All Analytes																																																																						without outlier

				Cascade GW, ng/L		Fixed Lab GW, ng/L		Fixed Lab Extract, ng/L		RPD - GW vs. GW		RPD - GW vs. Extract																																										SUMMARY OUTPUT																				SUMMARY OUTPUT

				197		99		97		66		68

				24		23		17		5		35																																										Regression Statistics																				Regression Statistics

				42		33		38		24		10																																										Multiple R		0.8329604858																		Multiple R		0.9927229641

				2740		2400		2200		13		22																																										R Square		0.6938231709																		R Square		0.9854988834

				9		5		7		55		23																																										Adjusted R Square		0.6799060423																		Adjusted R Square		0.984808354

				22		10		9		75		83																																										Standard Error		1239.4912329731																		Standard Error		230.8581966178

				12		5		8		80		38																																										Observations		24																		Observations		23

				39		14		15		94		88

				38		12		16		104		82																																										ANOVA																				ANOVA

				22		12		11		58		66																																												df		SS		MS		F		Significance F												df		SS		MS		F		Significance F

				41		20		21		68		64																																										Regression		1		76592470.4677547		76592470.4677547		49.8539024045		0.0000004397										Regression		1		76061446.9628377		76061446.9628377		1427.1643393964		8.57574501382646E-21

				6800		8800		5400		26		23																																										Residual		22		33799447.3655787		1536338.51661721														Residual		21		1119205.64585793		53295.5069456157

				9		6		9		40		0																																										Total		23		110391917.833333																Total		22		77180652.6086957

				9		7		9		30		5

				77		10		12		154		146																																												Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%						Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

				19		14		14		32		32																																										Intercept		177.0751219256		266.0696760425		0.6655216203		0.5126347373		-374.7196134049		728.869857256		-374.7196134049		728.869857256				Intercept		-64.2350113141		50.5051642731		-1.271850359		0.2173313567		-169.2662501667		40.7962275385		-169.2662501667		40.7962275385

				51		42		46		18		9																																										X Variable 1		1.2509063899		0.1771638997		7.0607295943		0.0000004397		0.8834909496		1.6183218302		0.8834909496		1.6183218302				X Variable 1		1.2465799898		0.0329976612		37.777828675		8.57574501382646E-21		1.1779575968		1.3152023828		1.1779575968		1.3152023828

				7		8		<8		13		NA

				20		12		10		50		67

				219		84		23		89		162																																												197.00		99.00		97.00		SUMMARY OUTPUT

				31		20		12		44		89																																												24.10		23.00		17.00

				147		100		71		38		70																																												41.80		33.00		38.00		Regression Statistics

				78		66		44		17		56																																												2740.00		2400.00		2200.00		Multiple R		0.9995590969

				501		6400		420		171		18																																												8.80		5.00		7.00		R Square		0.9991183883

								Averages		57		55																																												21.90		10.00		9.00		Adjusted R Square		0.9990764068

																																																								11.70		5.00		8.00		Standard Error		36.1050653504

																																																								38.80		14.00		15.00		Observations		23

																																																								38.10		12.00		16.00

				PFOS Only																																																				21.80		12.00		11.00		ANOVA

				Cascade GW, ng/L		Fixed Lab GW, ng/L		Fixed Lab Extract, ng/L		RPD - GW vs. GW		RPD - GW vs. Extract																																												40.60		20.00		21.00				df		SS		MS		F		Significance F

				2740		2400		2200		13		22																																												6800.00		8800.00		5400.00		Regression		1		31023811.8658987		31023811.8658987		23799.009769651		1.44960383268295E-33

				6800		8800		5400		26		23																																												8.99		6.00		9.00		Residual		21		27375.0906230846		1303.5757439564

				9		7		9		30		5																																												9.48		7.00		9.00		Total		22		31051186.9565217

				51		42		46		18		9																																												77.00		10.00		12.00

				501		6400		420		171		18																																												19.30		14.00		14.00				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

				 				Averages		52		15																																												50.50		42.00		46.00		Intercept		-16.7386438514		7.9347572859		-2.1095344506		0.0470729637		-33.2398749578		-0.2374127451		-33.2398749578		-0.2374127451

				PFOS and PFOA																																																				20.10		12.00		10.00		X Variable 1		0.7979054559		0.0051721605		154.269276817		1.44960383268295E-33		0.7871493594		0.8086615525		0.7871493594		0.8086615525

				Mobile Lab GW, ng/L		Fixed Lab GW, ng/L		Fixed Lab Extract, ng/L		RPD - GW vs. GW		RPD - GW vs. Extract																																												219.00		84.00		23.00

				2740		2400		2200		13		22																																												31.30		20.00		12.00

				6800		8800		5400		26		23																																												147.00		100.00		71.00

				9		7		9		30		5																																												78.40		66.00		44.00

				51		42		46		18		9																																												501.00		6400.00		420.00

				501		6400		420		171		18

				42		33		38		24		10

				41		20		21		69		65

				9		6		9		39		1

				19		14		14		32		32

				78		66		44		17		56

								Averages		36		33



GW vs. GW



197	24.1	41.8	2740	8.8000000000000007	21.9	11.7	38.799999999999997	38.1	21.8	40.6	6800	8.99	9.48	77	19.3	50.5	7	20.100000000000001	219	31.3	147	78.400000000000006	501	99	23	33	2400	5	10	5	14	12	12	20	8800	6	7	10	14	42	8	12	84	20	100	66	6400	Onsite Lab, ng/L





Fixed Lab, ng/L







GW vs. Extract



197	24.1	41.8	2740	8.8000000000000007	21.9	11.7	38.799999999999997	38.1	21.8	40.6	6800	8.99	9.48	77	19.3	50.5	20.100000000000001	219	31.3	147	78.400000000000006	501	97	17	38	2200	7	9	8	15	16	11	21	5400	9	9	12	14	46	10	23	12	71	44	420	Onsite Lab, ng/L





Fixed Lab, ng/L







PFOS ONLY GW vs. GW



2740	6800	9.48	50.5	501	2400	8800	7	42	6400	Onsite Lab, ng/L





Fixed Lab, ng/L







PFOS Only GW vs. Extract



2740	6800	9.48	50.5	501	2200	5400	9	46	420	Onsite Lab, ng/L





Fixed Lab, ng/L







PFOS and PFOA ONLY GW vs. GW



2740	6800	9.48	50.5	501	41.8	41	8.9	19.3	78	2400	8800	7	42	6400	33	20	6	14	66	Onsite Lab, ng/L





Fixed Lab, ng/L







PFOS and PFOA Only GW vs. Extract



2740	6800	9.48	50.5	501	41.8	41	8.9	19.3	78	2200	5400	9	46	420	38	21	9	14	44	Onsite Lab, ng/L





Fixed Lab, ng/L







Y = 1.25x = + 177
R2  = 0.69

With outlier removed
Y = 1.25x - 64
R2  =  0.98

Y = 0.79x - 16.7
R2  = 0.99

Y = 1.01x +1487
R2  = 0.56

Y = 0.79x + 12.6
R2  = 1

Y = 1.18x + 562
R2  = 0.65

Y = 0.79x + 1.88
R2  = 0.99
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3D Hydrostratigraphic Model
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Used data to 
installed 15 
monitoring 
wells in key 
locations

Transport
(Sand/Gravel)

Slow Advection
(Silt/Sandy Silt)

Storage
(Clay/Glacial Till)

Hydrostratigraphy

- Groundwater 
Sample Interval

Delineation Completed Efficiently with Long-term Reduction in Monitoring Costs 
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Key Takeaways
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Return on Investigation
Cheaper, faster, better

Flux Based CSMs
Mass distribution
Better monitoring strategies
Informed remedies
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Key Takeaways
Adaptative Investigations
PFAS Mobile Lab = Real-time data
Focused data collection
Better CSM
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Questions?
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PATRICK CURRY, P.G., C.P.G.

Technical Expert- Geology
Site Investigation Community of Practice Leader

o 810.225.1926
c 734-355-2809
e Patrick Curry@arcadis.com

mailto:Nicklaus.Welty@arcadis.com
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