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Why Conduct this Research?

Monitoring leakage during gas development

1 \ Gas leakage from gas bed up along
/' casing pathway. A leaky seal could ako
occur within the well, In an Improperly
sealed abandoned well.

2' Micro fissures along bore wall not
\ £/ saaled by cement

. Hydro fractures connect to natural
( 3 fractures and faults connecting to
= shallow aquifer

4  Hydro fractures connect to leaky seal
%/ along oid well casing

Leaky Cement \ (5" Gas escapes Into freshwater aquifer
Seal /& Q\ =/ causing impact plumes
i 5 "\ Gas escapes along leaky well seal into
Shale gas well = atmosphere
7\ Gas escapes from shallow aquifer into
atmosphere

\

© o

 Hydro Fractures |

Courtesy of G350 Centre for Applied Groundwater Research, University of Guelph

QA/QC protocols are lacking for soil-gas

sampling to support stray gas investigations.

Monitoring leakage from
natural gas storage reservoirs

Figure 1. Types of underground natural gas storage facilities ea

A Salt caverns

B Mines

C Aquifers

D Depleted reservoirs
E Hard-rock caverns

Source: PB-KBB, inc., enhanced by EIA.

Monltorlng Ieakage from plpellnes

Crews continue to investigate a fatal house explosion on April 27, 2017 in
Firestone, Colo. RJ Sangosti—Denver Post/Getty Images



Study Locations
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Study Locations
Valley Center, Kansas (CO,) Pavillion, Wyoming (CH,)

During heavy precipitation, low O, (10%) Natural gas charged
and high CO, (7%) in basements caused by groundwater
rapidly rising water table.

ST

Impact to Underground Sources of Drinking Water and Domestic
Wells from Production Well Stimulation and Completion Practices in
the Pavillion, Wyoming, Field

Dominic C. DiGiulio*” and Robert B. Jackson'"*

+Department of Earth System Science, *Woods Institute for the Environment, and SPrecourt Institute for Energy, Stanford University,
Stanford, California 94305, United States




Elements of Field-Based Research
» Leak Testing (discussed here)

« Calibration and Bump Testing of Portable Gas Analyzers
» (as Permeability Testing

 Equilibration Testing

» Flow Testing

» Purge Testing

\ !

Data from U.S. EPA — public domain




Points of Leakage in Vapor Probe Clusters (7 tested)

at Valley Center, KS

I
/
d V

(2) Leakage from _/
surface through quick-

connect bodies

Washed 20 - 40 sand

(4) Leakage
between upper/
and intermediate

Vapor Probe Cluster 15 ¢m cast iron

bolted
well cover

(1) Leakage from chamber

fittings and sample train
g o) B ol IR o B R ORI 4

Z—— Swagelok

stainless-steel
quick connect body

(3) Leakage from
_30em OUrface to upper

KB probe

6.35 mm O.D. stainless-steel

probe

. ‘J“ Bentonite grout +——p |

: "Wular Bentonite , !

Z—— tubing

6.35 mm O.D. 15.24 cm long
Geoprobe® stainless-steel screen

(5) Leakage between
intermediate and
lower probe

~7-8 cm




One-Minute Shut-In Tests of Fittings
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 Shut-in tests were conducted at “high”, “medium”, and “low” vacuum.
 Quality control criterion of 1 SCCM

» Leakage of 1 SCCM at a sample flow rate of 500 to 1000 SCCM is equivalent to 0.1%
to 0.2% and hence inconsequential.




Design for Sample Collection and Purge, Leak, and Gas Permeability Testing

/ 1% 1,1-dichloro-2,2,2-trifluoroethane (R-123) in 99% Argon

canister

{

¥ Viton®

tubing gas/water

separator .-

.-

Sample Train for Three-Probe Soil-Gas Cluster stainless steel
toggle valve
0.1-18% | . ..
COinair* stain?ess V4" flexibl ® pressure transducer
steel tubing siain‘leess °
steel Swagelok® quick-connect
150 mm ; bod

Swagelok® quick-connect
stem

-
"
K

Bacharach H25-IR refrigerant detector
or
Laco Technologies LHHLD helium detector

Not to scale

stainless v /! ¥ flexible
steel barb Viton® _» E stainless steel tubing
E = flt‘lng a ‘[ubing il
: Vi = f = /l//‘/
D 24 N
1" g: Ve | - )
. ® n
Viton @ o 3 ﬁ Viton® o l:l SCEm—_n>
pressurized tubing . tubing 150 mm —bag 959 © et ming | to
cylinder . flowmeter 6t s=L__acs | atmosphere
i . ¢
% % % % 14" flexible Masterflex® Langtec Thermo

well cover —> stainless E/S™M GEM™ 2000  Scientific®
steel portable Plus TVA-1000B
tubing sampler meter

; ) *will not be used in O, CO,, CH,, FID, PID
bentonite - Sohe CO. H.S
. future investigations )

¥a” rigid
stainless
steel tubing

Disclaimer: Mention of trade names or commercial products
does not constitute endorsement or recommendation for use.




Leakage Through Quick-Connect
Compression Fittings

Tracer Concentration in Chamber (ppmv)

—m— 0, (9/30/2010) ~ = CO, (9/30/2010)
— 0 R-123 in sample train —®  R-123 in chamber
Purge Volumes (-) PA3I
00 19 37 56 75 94 112 131 150 168
20 —————————————————1—— 250 ~ 12000
- |y _
| . >
18 gL S £
e mem e e
E E-R-Eyg ["‘\_\\‘.\ n :/,. L g - 10000
16 - ; .\/ -200
E— No - " ./ . ‘©
Tracer ||| sz -+ $ 144 | =
= - - 8000
i e leakage < Leakage =2.1% | | o B
i i | _
previously = 12 | g
d g ] | : 92 Leooo
TiTd e e Measure 5 10 l\' tracer introduction stop E
shallow o ] | g - 4000
< |
probe to S 6 3
surface 50 &
4 - O 2000
] m-E-m-n-H 8
2 4 gm-E-E- .- @
— | e PR
0 | ! | ! | ! | ! | ! 1 ! | ! 1 ! 1
0 1 2 3 4 5 6 7 8 9
I Cumulative Volume (L)
Limited to intermediate and deep probes.




Tracer in

Leakage Through the Borehole to an Upper Probe

Gas out

Gas Concentration (%)
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Tracer profile characteristic of two-domain (matrix, preferential pathway) gas transport.
Modeling to follow.




| eakage from a Natural Gas Line
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Leakage Through the

Intermediate and Shallow

Probe
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Conclusion

 Arobust method for leak testing vapor probe clusters has been developed.

« This method will assist in detecting stray gas migration to the near surface
environment from conventional and unconventional oil and gas wells,
natural gas storage reservoirs, and buried pipelines.

P =
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The final QA/QC inspection




