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What is a lysimeter?
What is a lysimeter used for?

1. A scientific instrument used to measure and collect water that
moves through unsaturated soil

2. Provides quantifiable data for components of the water cycle
3. Used in agriculture to optimize irrigation and nutrient management,

in environmental monitoring to track pollutant movement, and in
hydrological studies to improve water resource management
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Types of Lysimeters

Top Left: Wick Lysimeter
(fixed tension lysimeter),
Edaphic Scientific,
Edaphic.com.au

Bottom Left: Weighing
Lysimeter (non-field variety),
Edaphic Scientific,
Edaphic.com.au

Right: Porous Cup Suction
Lysimeters (porewater
samplers), Soil Moisture
Equipment Corp,
Soilmoisture.com

Sensor arrangement in the Lysimeter

i)
ual Fulse Heat Probes (24)
<> - Distributed Temperture
Sansing (OTS)
TS Pale {1) Plat ) "
CH20 (2)
ain Refectometry (4)

Above: Internal sensors within SEPHAS field weighing
lysimeters, SEPHAS Lysimeter Facility, Desert Research

Institute, DRI.edu

Top Right: Field Weighing Lysimeters, SEPHAS Lysimeter

Facility, Desert Research Institute, DRI.edu

Bottom Right: Lysimeter Station (field lysimeters), Hoskin
Scientific, Hoskin.ca




Porous Cup Suction Lysimeters

Image: Soil Moisture
Corporation
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Collect water from the pore space — Z ..
of unsaturated soils -
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Determine the soluble ot -
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A suction lysimeter allows for the GEM
application Of a Vacuum to draW SOiI il 1(I)rrs1.age(::II;’,onitoe.t.’al..201§ En\gror:mfenta:j(z:eochj_mist.ry:
. . apter ite aracterization, Data nalysis an ase Histories
moisture from pore space and into a
reservoir for sample collection

Application of a vacuum is not vacuum enhanced sampling
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Practical Applications I

1. Direct measurement of porewater — assess wider range of
interaction between contaminants and soil components

2. Source strength determination — continuing contributions to the
groundwater plume

3. Mass flux / mass discharge evaluations for fate and transport
understanding

4. Risk assessment and course of action determination

#’Tanaq




AFFF Source

sﬁzt:e Impacted Soils
e
l How do we bridge this gap?

’P Where should remediation
efforts be focused?

Unsaturated
I PFAS 9
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Groundwater
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Practical Applications I

What is the soil concentration needed to produce an exceedance in
groundwater above project screening levels?

Intermediate Steps: I w
1. What porewater concentration will result in groundwater @ T
concentrations above PSLs?

Use a Dilution Attenuation Factor (DAF) to compare porewater
concentrations to groundwater concentrations

* Empirical estimate or derived from CSM information (calculations)

2. What soil concentration will result in porewater concentrations above

that threshold? B o @

8
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DAF & Porewater,,, I

Bringing together Porewater & Groundwater

Porewater,,, = Groundwaterp,, x DAF

DAF =1 + [KI LLd d = (0.0112-L%)%> + da(l il e—L-I/K-i»da)

PAL Project Action Level

K Hydraulic Conductivity K w
Hydraulic Gradient

Mixing Zone Depth
Recharge Rate
Groundwater Plume Length
Saturated Plume Thickness K J

o r — o =
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Threshold Soil Concentrations

Bringing together soil & porewater

What soil concentration will result in porewater concentrations above the Porewater,,, ?

* Empirical estimate from log/log relationships L o soil Concentrations - PFOS
between porewater and co-located soil samples s L
ES ; ........ c"..‘ °
— — §4 ..... '.‘ ...........
Iog(PWPAL) - X+ X= IOg(csoil mg/kg) §3 ¢ 1 ’ 0.5982
3 Gw
* Or calculate based on soil-water partition S oo —---———-o-===
coefficient (K,) and air water interfacial Co e a1 T
oil Concentration (log mg/kg
component
| I SR
1 aditiona (o) g1tz
) SSL®¥ = Cyo = Cgu X DAF X [Kq + (- + 60+ 0aH)—]
b
WE Sy soil sample porewater
Equation: &r0it&areenb)acelidance: ST T PN I
supportingd MABNISR. BASKBERYNG041 Cr=c, (Kd oy B ) for PFAS o
ocument P P - Tanaq
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* Fate and transport contaminant pathway evaluation

* Risk evaluation: where is the PFAS?
* Determination of data-driven and site-specific clean up objectives
* Prioritize impacted media for remediation based on source strength

* Determine volume of soil for cleanup to reduce flux to no longer
sustain the groundwater plume

12
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Construction

Vacuum Access Line
(optional gauge array can be
added)
EPDM Tubing

Sample Access Line

Hand Pump Tubing Clamp Tubing Clamp

Sample

EPDM Tubing Bottle

(Silicone tubing may be
substituted on sample line)

4 \
A D« PVC Cap

Flush Mount Vault —»

Sifted Soil Cuttings or Bentonite

‘ Protective PVC Riser

Sample Access Line

Vacuum Access Line = s
.I,- e e - — Frost Line

Vacuum Access Line Port Sample Access Line Port
PVC Slip Coupler
Granular Bentonite
- < Lysimeter Body
Sifted Soil Cuttings or Clean Sand ——— ¥ B
FEEHEH Lysimeter surface
Silica Slurry Eaam UM Te Ceramic Cup completion 13
Image: Soil Moisture (recommended bromide tracer) NEmEmEE: k 3
Corporation 7 Tﬂﬂaq



Construction

Vacuum/

Sample Access

A

Pressure Line Line
” . . S—
For 2” lysimeter, optimal borehole e e
diameter is about 4” o s
v b :
s Few feet of bentonite at the top to
e i'-‘ﬁ prevent preferential pathways
o by
Protective e ]
PVC Riser | s
! e Backfill with soil cuttings, hydrated
wall [l bentonite chip, grout, etc.
w1 (think about your site setting)
)
\ g [: P 2-3'
Granular Bentonite
Lysimeter 5 |
Body g Uptob6
Sand Pack
Ceramic Cu L el i
/ P i) Silica Slurry ?’Tanaq




Field Installation - Preparation

* Inspect lysimeters for damage
and complete vacuum/pressure
testing prior to installation

* Proper assembly is key

* Document your installation details




Field Installation — Silica Slurry

* When working around the silica flour (200 mesh), an N95
mask (or more protective) is necessary due to silica hazard.

* Keep the silica flour away from and downwind of your work
zone_.bSItay upwind of the open bag/box as much as
possible.

* Thick sIurr¥ — like a thick pancake batter, see the “V”
running oft the gloves.

* Do not mix it until you are ready to use it, it will
immediately start to settle. Give it a final stir before you
send it down the borehole.

e Recommend using a bromide tracer: (NaBr) about 5 grams
in 2 gallons of PFAS-free water; collect a sample for
analysis.

* Make sure to let the slurry set up around the ceramic cup,
give it at least 45 minutes, then vacuum test before 16
continuing installation &= Tanaq




Field Installation

* Supervise and direct subcontractor
installation and tasks

* Check the lysimeter holds a
vacuum at different installation
steps along the way




Sampling

* Sampling events may take days
depending on soil moisture
content and recent precipitation
events

220 ‘HOr “|e 1° Jajaeyods

Saturation [cm® water per cm® void)
—

* Low volume samples can be
typical — communicate with lab

* Consider paired lysimeters and soil
moisture meters

* Guide sample activities decision
making

e Supports troubleshooting

* Additional line of evidence for fate
and transport evaluation

g
TR A

~10ft bgs

* Determine location specific
vacuum settings based on soil type
and/or grain size analysis

18
30 ft bgs kaanaq
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Soil Cuttings/
Backfill

* No vacuum/pressure testing completed prior to installation
* Installed too shallow — connection ports above the frost line

* No protective casing over access tubing — physical damage to
tubing

* Ceramic cup not fully set in the silica slurry
* Tubing not completely connected to the ports

* Cracked ceramic cup or other damage

19
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e Handle with care

* Test, test, and test again — if it doesn’t hold a vacuum now, it never will
* Pre-installation vacuum & pressure testing
* Vacuum testing after installation in silica slurry
* Vacuum testing after finished installation
* Complete vacuum testing at multiple vacuum settings

* Allow the silica slurry to set up around the ceramic cup before vacuum
testing and continuing with installation (>45 minutes)

e Use centralizers for deeper installations (>25 ft bgs)

20
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 lesoslemed |

* Understand site conditions and project objectives prior to installation
* How do subsurface structures impact lysimeter placement?
* What evidence of the capillary fringe has been observed?

e Stick to a “standard,” but allow room for professional judgement; think

about gravity drainage

Supplemental sampling is

Important

* Soil: % moisture, grain size, pH, TOC,
AEC/CEC

* Porewater: bromide, anions, pH,
TOC(DOCQ)

Unsaturated
Zone

......

Sampling from
capillary fringe

Sampling from

I saturated zone
U
1= ,

I:>

GW Flow Direction

Saturated Zone

-
-
-
-
-
-
P
-
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Lessons Learned — Training Matters

Proper training is important.

If you don’t know, ask!

A, Conteras lists avallable ai SclenceDirect

P Agricultural Water Management

jaurnal hemapage: www, alasvisr cam/loealalsgwal

Review

Evapotranspiration information reporting: I. Factors governing measurement

ACCUTACY

Richard G. Allen®®, Luis 5, Pereira®, Terry A. Howell©, Marvin E. Jensen®

Table 2
Error, expressed as one standard deviation from the true mean value, expected for various types of ET measurement or retrieval systems.

Method Typical error, % Error for an experienced Error for a novice or a person Additional error caused by
expert, trained and steeped in working outside their specialty physical or equipment
the physics of the process, % area, % malfunction, %

Lysimeter 5-15 5 20-40 5-40

Soil water balance 10-30 10 20-70 10-40

Bowen ratio 10-20 10 20-50 5-40

Eddy covariance 15-20 10-15 30-50 10-40

Remote sensing energy balance 10-20 5-15 30-40 5-10

Remote sensing using vegetation indices 15-40 10-30 20-40 5-10

Sap flow 15-50 10-40 40-200 20-100

Scintillometers? 10-35 10-15 20-50 5-30

4 Scintillometers measure sensible heat flux, only, and require estimating ET as a residual of the energy balance (AE=R, — G—H).

Stay engaged with subcontractors and field staff



Key Points

* Use porous cup suction lysimeters for source strength evaluation and to answer:
“where is the PFAS?”

* Thorough site characterization is key to utilizing porewater data. Understand where
the lysimeters are being installed, what is being sampled, and why.

* Increased standardization is needed for lysimeter installation and operation;
professional judgement is still necessary.

* Proper field techniques are crucial to accurate installation and operation.

* Think through project objectives when determining lysimeter details:
* Installation depth, sampling frequency, sample analyses, dynamic hydraulics, soil horizons, etc.
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Additional Information



Sampling Tips

One-way filter prevents
damage to pump from
any soils in tubing

One-Way Filter

In-Line Gauge
EPDM Tubing to Pump
4—

Sample Access Line to
l Lysimeter

4. Vacum Accass Line
loptional gauge array can be
akdad)
2. EPDM Tubing

5. Sample Access Line 2 .
| 3. Tubing Clamg " 3. Tubing Glamp

by —
-, i
l /’ “‘ﬂ'& _,,-/ 'N-.] 2. EPDM Tubing B +—— Sampls Ballle
I {Silicone fubing may be

- substiluled an sample line) Fill sampile botle tram

In-line gauge provides
visual guidance for when i e o e

B. Flush Mount Vaull

1. Hand Pump

k4
1
A

m Low volume samplas ana

to sample or reset r.ssasotcutogs —p MLl 12 prsecove prc — AT, T
vacuum; aid for lysimeter v e — | o TSN
eva I u at i O n if n e Ce Ssa ry 8. Vacuum Accass Line Port ——— 13, Sample Accass Lina Port S:m;l;zcﬁimm:g

5. Sample Accass Lina

9. Benfonite

-+ 14, Lysimeter Body Langth of lysimetar body
wil depeand on tanget
sample depth and distance

15. Cerarmic Cup bazlony thee frost Bne

7. Silted Soil Cultings ——

10, Silica Slary
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DAF & Porewater,,,

Porewater,,, = Groundwaterp, x DAF Vi  [[5B03002 PFOS Soll Results
) { \( 1 Surface 1,100 mg/kg
- LK o 4 ft 4,800 mg/kg
DAF=1+ l%] d = (0.0112 - 13)%% + d, (1 — e~H /K 1da) I 8 ft 1,600 mg/ke
12 ft 290 mg/kg
B : 16 ft 4.6 mg/kg
@
CSM Derived Site-Specific DAF - PFOS e 103001 PFOS Results —5 ft bgs
. . Soil Sample 3,500 mg/kg
GW,,  GW Project Action Level 4 ng/L ! rorewate| Jan 20 EE BTG
K Hydraulic Conductivity 0.9 m/day > : r_|Apr202 2 EIGATE
i Hydraulic Gradient 0.005 () LS03002 PFOS Results — 10 ft bgs
Soil Sample 320 mg/kg
d Mixing one Depth [ J (] i Porewate|Jan 2024 | 27,000 ng/L
i r Apr 2024 | 24,000 ng/L
I Recharge Rate 0.0004 m/day |
u ® LS03003 PFOS Results — 15 ft bgs
L Groundwater Plume Length 1000 m I 1A 4 - SR
d, Saturated Plume Thickness 10 m Porewate lami20H e RN
| r Apr 2024 | 15,000 ng/L
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