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Major Monitoring Well Sampling Divisions

¢ Bulk mixed sample
» Typically high volume purge
» One sample per well
» E.g., conventional pumping

¢ Partially mixed sample in open hole
» Micropurge or low flow (rate or volume)
» Multiple samples per well
» E.g., point thief sampling, passive sampling

¢ Discrete, less mixed sample

» Variable volume

» E.g., passive sampling with packers, flute, straddle packer, hydraulic
control sampling



Review of Sample Methods

¢ Bulk sample (open borehole) i

» High volume purging (some low volume also)

¢ Hybrid discrete (open borehole)
» Thief (grab sample)
» Vertical passive sampling (open borehole)
» Cumulative flow profiling

¢ Discrete
» Straddle packer
» Flute and sock systems
» Passive with packers



Bulk Mixed Samplin
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Groundwater sampling “Black Box™

¢ Why purge?
» Regulatory requirement?
» “Representativeness?”
» Tradition?
» We like to work hard?




Bulk Mixed Sampling

¢ Typically high volume purge
¢ Mixed sample (“averaged” sample)

¢ Early time, purge capture depends on pump intake
position

¢ Early time, head-weighted, borehole storage
¢ Late time, purge capture pump independent

¢ Late time, flow-weighted, fracture (high transmissive
zone) yield



“High” purge volume and pump placement

{Single or multiple fracture system with mixing, flow-weighted flow}
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Generic model and flow
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Generic model and high volume purge

Inflow to well; Pgmp Q~°1 Liter per min
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“Low” purge volume and pump placement

{single fracture dominated system and idealized piston flow}
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Porous Media Inflow - Low Flow
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Porous Media - Low Flow Purge
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Inflow with fracture 9 feet above pump
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Fracture Rock - Low Flow Purge
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Extreme Case of Vertical Flow

20 7T
Casing ends
a - OTV

T 24+
Q .
o L Water producing
2 fracture at 26 ft
2 28 +
=
Q
QO
D 4

32 + Existing sampling;

4 times a year over 10 years




Review of Sample Methods

¢ Bulk sample (open borehole)
» High volume purging (some low volume also)

¢ Hybrid discrete (open borehole) ,

» Thief (grab sample)
» Vertical passive sampling (open borehole)
» Cumulative flow profiling

¢ Discrete
» Straddle packer
» Flute and sock systems
» Passive with packers
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Hybrid discrete (open borehole)
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In-well Mixing/Homogenization
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Passive equilibration - often very similar to purge sampling

¢ A dedicated passive sampling
system can take advantage of
this phenomenon
» Natural flow delivered to well

» Ambient / passive mixing
according to native flow dynamics

» Flow-weighted averaging effect

Britt, 2005 20



Partially Mixed Sampling

¢ Typically low volume

¢ Could be an average of a combination of zones (partially
mixed sample)

¢ Dependent on ambient head distribution




Passive sampling systems

¢ Diffusion-based Passive samplers
» Polyethylene Diffusion Sampler
» Regenerated Cellulose Diffusion Sampler
» Rigid Porous Pipe Sampler

¢ Grab-Type Passive Samplers
» Hydrasleeve
» Snap Sampler

¢ Sorptive Passive Samplers
» Gore Module

wEPA



|dentification of active and inactive fracture zones
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Review of Sample Methods

¢ Bulk sample (open borehole)
» High volume purging (some low volume also)

¢ Hybrid discrete (open borehole)
» Thief (grab sample)
» Vertical passive sampling (open borehole)
» Cumulative flow profiling

¢ Discrete ,

» Straddle packer
» Passive with packers
» Multilevel systems*

\‘."EPA *see previous presentation on multilevel systems 24



Discrete Less Mixed Sampling

¢ Discrete intervals of the well are constrained either
physically or hydraulically

¢ Different methods use different volumes of water and
therefore source of water can vary

¢ Can still be affected by mixing if fracture was previously
an outflowing fracture in an open borehole

¢ Multilevel systems




Schematic of borehole flow patterns with vertical upflow
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Straddle Packer

¢ Borehole physically sealed

¢ Sealed zone pumped i [
¢ Leakage verified using
head and tracer e

measurements

Water-bearing
fracture

Sample pump




Packers and Diffusion samplers

VC Concentration (uML)

¢ One-year deployment o 1 2 3 a4 s
D PR SR TN T N TN TN S TN N TN TN T TN N TN TN ST S NN N TR S
¢ Set within packers e
1|® DCE
¢ Triassic shales o] A
£
o B
a c
S E
| F
50 4 e

I I I I I
0 20 40 60 80 100 120 140 160
TCE and DCE Concentration (uML)

From Bradley et al., GWM 29, no. 4, pp. 46-55 28



Summary

¢ Think of monitoring well sampling as a continuum of
different magnitudes of mixing

¢ Low volume purge can capture primarily borehole
water

¢ High volume purge captures mixed sample

¢ Discrete samples also can be affected by mixing for
outflow fractures

¢ Many options for hybrid or partially mixed samples and
for discrete samples




Questions?




Disclaimer

¢ Information presented in this presentation represents the views
of the author(s)/presenter(s) and has not received formal U.S.
EPA peer review.

¢ This information does not necessarily reflect the views of U.S.
EPA, and no official endorsement should be inferred.

¢ The information is not intended, nor can it be relied upon, to
create any rights enforceable by any party in litigation with the
United States or any other party.

¢ Use or mention of trade names does not constitute an
endorsement or recommendation for use.




