What Is the Influence of
Equilibration Time on Soil
Gas Results?
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Soil Gas Sampling

® Follow Latest DTSC Soil-Gas Advisory (2015)

® Certified Magnehelic

o 0.01- >100 inH,O
High-Precision Pump

0 200 mL/min or 1000-5000 mL/min
® Shut-in Test/Tracer :
® Collection in Gastight Glass Syringes

0 100 mL for commercial RLs (0.020 pg/L)
0 250 mL for commercial RLs (0.008 pg/L)
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Soil Gas Analysis
® EPA Method 8260-VOCs, Oxygenates, and Gasoline
Range Organics

o0 Purge & Trap Concentrator
o Gas Chromatography — Mass Spectrometry (lon Trap)

Factors Influencing Soil Gas Results*

® “Natural” Factors
o Lithology
0 Moisture/humidity
o Temperature
o0 Barometric Pressure
® “Man-made” Factors
o0 Well construction
o Well conditioning (purging, equilibration time)
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*aside from the contamination itself
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Factors Influencing Soil Gas Results*

® “Natural” Factors
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*aside from the contamination itself

Factors Influencing Soil Gas Results*
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Factors Influencing Soil Gas Results*

® “Natural” Factors * Los Angeles
* Record high of 30.59 inHg

o Lithology
i . * Record low of 29.07 inHg
o0 Moisture/humidity .
, * San Diego
o Temperature * Record high of 30.53 inHg
o Barometric Pressure * Record low of 29.15 inHg

www.wunderground

® “Man-made” Factors
0 Well construction
o Well conditioning (purging, equilibration
time)
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*aside from the contamination itself

Factors Influencing Soil Gas Results*
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Preparation: Soil Gas Well Purging

® Removal of stagnant air prior to sample collection

® Prior to 2015 purge volume determined by purge test
0 2012 and before: 1PV, 3PV and 7PV
0 2012-2015: 1PV, 3PV and 10PV

® After 2015 converted to a 3 PV default @) ONES

Recap: Purge Volume Tests

(Jones & Pulleva, AEHS 2015)
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Soil Gas Well Construction

Construction Installation

Surtace
L]

Gas Tight Fitting

R e Direct Push

Neat-Cement Grout

-

H,ﬂfli.d Bentonite

Tubing —=
metal, mcn, PEEX. e

* Hollow Stem Auger

Probe Tip.

~1 FtSand

Neat-Cement Grout -

€ pormanant

 Hand Auger

o
Hydrated Bentonite

~1 Ft Dry Granular Bentonite

Legend Probe Tip~_
BD = borshole diamater (inches)

DBT = dry benionite thickness () ~1FiSand~__
ST = sand pack thickness (1) ~
TL = tubing length (%)

PEEK = Polyetherstherketons

 Air Rotary/Rotosonic
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Equilibration Time

ATWIEORY - ACTVE SOIL GAS INVEITIGATIONS

Installation

40 SOIL GAS SAMPLE COLLECTION
4.4 EQUILIBRATION TIME
Subsurface. nmdmms are disturbed during drilling and probe phsmm Tn alow for

Sritraion s e recamrended Slors procesy Wil solgas simplllg

1) For soil gas wells installed with the direct push method, de not conduct the [ ) Direci PUsh

purging. eak testing and soil gas sampling for at least two hours following
vapor probe installation. Finer-grained material may take longer. up to 45
hours. to equibrate:

2) The equilibration time for sub-siab probes s two hours (see Section 3 8);

3 For soll gas weksinsalled i how stem orhand suger rling methads, do

S s * Hollow Stem Auger

4)  For soil gas wals installed with 3 combination of hand auger drlling o hollow
stem auger and diect push methods, do ot conduct puging, ek tesing and
soil gas sampling for a least two hours faowing vapar probe |nstiH
provided that 3t least five feet of the borehole was drilled by di
Femoiogy. The hoe et of directpush brehals shoul be drlled e

helmd below this five-foot interval. If the wel screen is located above the °
a4t e i, g 1 s A an vger
aﬂns« 43 hours after soi gas probe ins

5)  For soi gas welis installed with the rofosonic or air rotary method. do not
Gonduct purging. leak testing. and soil gas sampling until t can be empirically
that s siffient o colect
‘samples. D i
equibrum couid vary from a few days 1o 2 few weeks.

et g e e et i « Air Rotary/Rotosonic

ote:
series data. Soi gas samples for VOC analysis, slong with oxygen and carbon dioxide
maseurermeete, ol bt callected shorly e e, snd o af 3 reEney
that wil demonstrate the time needed to aftain representative samples. A feld
instrument may be used to analyze the sail gas samples to evaluate

ligology

point
could serve for all others pling probes
method i hould be recorded in the fiskd

Sl i
ag book or iekd form.
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Equilibration Time

Amasony - ACTHE SoiL Gas INVESTIGATIONS I i I I t.
40 SOIL GAS SAMPLE COLLECTION ns a q Io n

4.1 EQUILIBRATION TIME
Subsurface condiions are disturbed during driling and probe placement. To allow for
. the.

e following
equibration tmes are recommended before proceeding with sod gas samping

O
1) Forsoil gas welks installed with the direct push method. do not conduct the [ ] Dlre< :i PUsh
purging, \Eikh?slmg:ﬂm\\gassar‘:hng'b(alleisimhmrsﬂhm

vapor probe installation. Finer-grained ‘may take longer.

hours, to equi
2 The equilbration time for sub-slsb probes is two hours (see Section 3.8); O 2 hr

3)  For soi gas wels installed with hollow stem or hand auger drlling methods, do

ot conduct purging, leak estn and s g sampling fr 3t east 48 s

ST « Hollow Stem Auger
4)  For soil gas wells installed with a combination of hand auger drilling or hollow’

stem auger and direct push methods. do not conduct purging. leak testing and 0 48 h r

soil gas sampling for at east two hours foloning vapor probe installation
provided that at least five feet of the barehole was drilled by direct push
[Edm\ngy “The five feet of direct push borehale should be drilled after the

ion of hand augering or hollow stem augering. The well screen should
e bl B rea e W slan & ke shm B
five-foot interval, do ot conduct purging, lesk testng and s gas samplg for
at least 48 hours after soi gas probe instalafi

5)  For so gas wels installed with the rofosonic or ai rotary method. do n
wﬂductpurglng \aak\asung ‘and soil gas sampling unti n:anbeempmci”y o r
sufficient to collect
samples. Due o  the of

‘equiibrium could vary from ° .
T « Air Rotary/Rotosonic
series data. Soil gas samples. forvoe analysis, ah.g with oxygen and carbon mm

measurements, should be collected shortly after installation. and then at aﬁequmby

that will demonstrate the time needed to attain representative samples.

msm.ngmmayneusedmanayzgupsmlgassanulsmwa\um :nmt [ ) DayS to Wee kS

could serve o o aers when pling probe:

Sod method hould be recorded in the fisld
lag book or fieid form_
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How Long Until Equilibration?

12

--PCE
S s Summer 2009
Study on
influence of
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4
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2
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Concentration (ug/L)
[}

Time Since Probes Were Set
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How Long Until Equilibration?

12
-o-PCE

B =Tc= Summer 2009
g s Study on
g s influence of
E . barometric
8 2 ./-/"—"\-/' pressure

0

30 min 6.5 hr 3 months 6 months 9 months 12 months

Time Since Probes Were Set

® 1 of 30 probes

. Results consistent for all probes/sites _ :
® 1 of 18 sites } @))ONES

Replicate Samples: ~2hr vs. >24hr

Perchloroethene
80 —+ - : : 80 + - :
5 ~2hr 5 >24hr
g 60 + . ] (n:61) R g (n:400)__
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Time Between Inital and Replicate (minutes) Time Bety Inital and Replicate (minutes)

2015 & 2016, All Sites @) JONES
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%difference (Replicate vs. Initial)

Replicate Samples:

%difference (Replicate vs. Initial)

Time Between Inital and Replicate (minutes)

~2hr vs. >24hr
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%difference (Replicate vs. Initial)

Replicate Samples:

%difference (Replicate vs. Initial)

Time Between Inital and Replicate (minutes)
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Repeat Analysis: 3 Examples

® Conducted on-site soil gas analysis both immediately
following the 2hr equilibration period and on a later
date:
o Site A: ~2 hours and ~6 months (October vs. April)
o Site B: ~2 hours and ~4 months (February vs. June)
o Site C: ~2 hours and ~2 days (August)
® saw significantly different results between the two
different days with a tendency toward higher values on
the later date.
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Equilibration Time Comparison
it swa ]l stes  siec
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Ethbrqhon Tlme Comparlson

PRNES N TNT SNCAY LU TN [N TN SN T 1 | I ERSN SRS NN S NN ENNN (SN (S IO [N SO S ) N S [N N
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Equilibration Time Comparison
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Equilibration Time Comparison

PEE | I ERSN SRS NN S NN ENNN (SN (S IO [N SO S ) N S [N N

M M " M i " " 1 M ' L i
Perchloroathene (PCE) . )
® Trichloroethene (TCE) Site A SiteB

Final/Initial Concentration

10 15 20 25 1 2 3 4 5 6 1 2 3 4 5 6 7
Sample Number

‘ Similar results not observed for sub slab samples ﬂj]QNES

% above screening level
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Equilibration Time Comparison

®~2 hours m~6 months

T T T

PCE 5' PCE 20 TCE %' TCE 20

Site A (25 samples) @))ONES
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Summary and Outlook

® Barometric pressure does not influence soil gas data
significantly

® One purge volume (or less) should be used as a default
instead of three purge volumes

® The presence of water in the soil influences soil gas
results

® Equilibration times should be greater than two hours

o No evidence for significant differences in soil gas data
after 48 hours

® Sub-slab samples are unaffected by equilibration times

® Deeper samples (>5 feet) need longer equilibration
times and are more affected by drilling/probe
installation operations @) )ONES

Thank You!

/ The Jones Environmental Team
; Carolyn Carroll
" Colby Wakeman
Tania Camacho
Jessica Kyees
Emily Rosa
Emma Pulleva
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Gas Phase Behavior

® |deal Gas Law:

PV = nRT

® Dalton’s Law of Partial Pressures:

o For a mixture of non-reacting gases, the total
pressure exerted is equal to the sum of the
partial pressures of the individual gases.

@))OoNES
Recap: Purge Volume Tests
(Jones & Pulleva, AEHS 2015)
1 1 1 200 1
1PV vs. 3PV 3PV vs. 10PV
150
[a]
& 100
50
b
0 500 1000 1500 2000 0 500 1000 1500 2000
Sample Number Sample Number
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Method to Determine Equilibration

® Use an 0,/CO, meter with pump to continuously
monitor O, and CO, in soil gas

® Once steady state is reached begin sampling the soil
gas probe
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Equilibration Time Comparison

&= Perchloroethene (PCE)
® Trichloroethene (TCE)
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‘ Similar results not observed for sub slab samples ﬂjIONES
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