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Categories of technologies used for discrete-zone
groundwater characterization

mm)p 1. “Shallow” (<200 ft) in unconsolidated
sediments

2. "Deep” (>200ft) in unconsolidated sediments
and rock



“Shallow” (<200 ft) groundwater sampling
technologies in unconsolidated sediments

m) 1. One-time sampling

2. Ongoing monitoring
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Sealed Screen Sampler, aka “Hydropunch”

1995

‘Home made” version of Hydropunch

Types Of Direct Push Groundwater Sampling Tools

Exhibit V-10

Dual-Tube DP
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a) Exposed-Screen Sampler

‘Source: Aller, ot al., 1691’

fon of the National Ground Waler.

b) Sealed-Screen Sampler

Hydropunch

|
|
|
|
¥ i
i / — Annular seal
provided by
body of sampler
' 1
/ ;yf Intake interval
|
|
|
|
1) Drive well 2} Pull back
point to desired  DP rod to
depthinclosed  open intake for
position. sampling.

Source: Cordry, 1995"

Otiig. Capynight 1991 and 1935. ANl rights reserved.

¢) Sampling Through
Drive Casing

Groundwater sample is

collectad from slotted PVC
casing after the outer steel
drive casing is pulled back.

L6611 yorew
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Waterloo Groundwater Profiler, Geoprobe HPT™

Source: Precision Sampling, inc.

Exhibit V-12
Using A Drive-Point Profiler
—
P‘ " Sann-nlplees Pesistaltic
pump Pump
— Deéforized {aste
o WNI;? o bucket
ﬂ? o ( T
~Sampling port l
C> Yy <
a) Groundwater sample
collected from first target zone
with peristaltic pump. < —>
> <
b) Deionized water injected while
advancing toal to prevent sampling c) Groundwater sample
ports from becoming plugged. collected from second target

zone with peristaltic pump.




“Shallow” (<200 ft) groundwater sampling
technologies in unconsolidated sediments

1. One-time sampling

mm) 2. Ongoing monitoring

Why not conventional single-interval monitoring wells?



Engineered multilevel monitoring systems prevent
ambient vertical flow in the boreholes and provide
samples from multiple depths
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Multilevel groundwater monitoring can be done
using conventional monitoring wells

Well Clusters Nested Wells
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igure 70. Typical nested well designs: a) series of single riser/limited interval wells in separate bore-
holes and b) multiple single riser/limited interval wells in a single borehole (After Johnson,
1983).
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Nested Wells

Design Reality
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Engineered Multi-level Monitoring Systems (MLS)

Solinst CMT™ .
System

According to Solinst: i
W A
10,000 installations globally

Installed to depths of 200’

)

Solinst Waterloo System
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“Deep” (>200 ft) groundwater sampling
technologies in sediments and rock

m) 1. One-time sampling

2. Ongoing monitoring



Inflatable straddle packer systems

LA-UR-07-4034
August 2007
EP2007-0486

B.'S K] |

Inflatable Packers

A packer is an expandable plug used to isolate sections in ¢
flow centrol, testing, and sampling.

The inflatable packer has significant advantages con

= High pressure rating and expansion ratio.

L e s o e e Evaluation of Sampling Systems
Our patented packers are available for: for M u Iti p I e C o m p Ieti o n

= Borehole sizes ranging from 2" te 30" (50 to 760 mm

- Pressure ranges from 50 to 10,000 psi (3 to 700 bar) Regional Aquifer Wells at
Los Alamos National Laboratory

For more general information about packers, please 1

So that we can better understand your application, please download the

@ Monday - Friday 8 AM - 4:30PM R, (855)546-6488 X4 sales@aardvarkpackers.com

AARDVARK| G G P N
—
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Sonicdrills =4
- The Resonant Sonic
Drilling Method: An Innovative Technology
sl Al for Environmental Restoration Programs
s by Jeffrey C. Barrow

Figure 1. Resonant sonic drill head.

The oscillator housine serves to receive the centrif-

Introduction

The field of environmental con-
tamination assessment and cleanup
has become a multibillion dollar
market in the United States over the
last decade. Given the magnitude of
the dollars that still need 1o be spent
on these problems in the future,
there has been a strong desire by
most governmental agencies and
potentially responsible parties
involved in contamination cleanups
to develop innovate technologies
that are more cost effective, effi-
cient, and expedient.

M sonnioes ok smmboe Af $ha i




ystem with Sonic Drill &

WATER SAMPLING

PACKER ISOLATION METHOD

The packer isolation groundwater sampling system is designed for collection of
groundwater samples in dense overburden or bedrock boreholes where the Push-
Ahead method may be less effective.

g Packe |solation S

&

THE PROCESS

1. A sonic drill (typically with a four inch core barrel with six inch override casing)
proceeds to the base of the interval from which a groundwater sample is to
be collected.

2. Once that interval is achieved, the sonic core barrel is removed from the
casing, and a stainless steel screen and packer assembly is inserted to the
base of the sonic casing.

3. The sonic casing is then extracted to expose the screened interval to the
formation and the packer is inflated inside of the sonic casing to isolate the
screen.

4. Purging of the temporary well proceeds until stabilization parameters are met.
Groundwater samples are then collected.

BENEFITS
1. Screen lengths may be adjusted to match specific intervals to be sampled.

2. Samples may be collected within any formation through which a sonic rig can
drill.

3. Four inch diameter screens may be used which allows for higher purge rates
and greater sample depths using larger submersible pumps.

— ( ;ASCADE EXCELLENCE ON EVERY LEVEL"
. 425-527-9700 | www.cascade-env.com
DRILLING | TECHNICAL SERVICES Office Locations Nationwide | Headquartered in Woodinville, WA




Murray’s camper

I Wire-wrapped 2-inch
stainless steel temporary
well screen
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“‘Deep” (>200 ft) Groundwater Sampling
Technologies in Sediments and Rock

1. One-time sampling

m) 2. Ongoing monitoring



Fnaineered Multi-level Monitoring Systems (MLS)

- According to Solinst:
Solinst CMT™ VN | i

System s
10,000 installations gIobaIIy

7 channel CMTs to 300
3 channel CMTs to 500’

—————

|

H “

|
i

v

i
!

Solinst Waterloo System

a few thousand” installations
globally

1,000 feet maxtmum depth

4

Other than USA, Canada, and the UK — popular Country’s that routinely consider MLSs: Brazil, Denmark,
Netherlands, Sweden, and Singapore. Honorable mention to Australia, Taiwan, Italy, and France.

14

0
Water FLU le™ system
| 4= Westbay System
- 15+ ports ey 100+ ports
1 ;700 feet deepest well | 7,000 feet deepest well
- R R ore L‘" 2 — measurement port
Samplng ) ' : (pressures, groundwater
Y. Tube fom pon b T r sampling, limited hydraulic
J _,U\_ 5 | ’ k4 testing)
H 5
r-"r ¥ 1
o ) - e 3 — pumping port (development
- K valve #2 I 4 and hvdraulic testing)

(2

*Check with manufacturer




ldaho sonic/CMT case study - dissolved Constituents of Concern
(COCs) delineated vertically as well as laterally in each transect
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Example well as-built diagram shows precise placement of
sand pack and bentonite seals
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ldaho sonic/CMT case study: Hydrogeologic Summary Log

mal = mean sea level
bgs = below ground surface ML = miligrams per IRer
CPS = COURSS per serond gL = micrograms per fer

mgitg = miligrams par Kliogram

wdicm = microskemens per centimeter
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Cost comparison of multilevel monitoring technologies (Malcolm

Pirnie 2011)

Assumptions

DTW 10°

Today depth of wells 150’
Number monitoring points: 3
Geology: bedrock

Borehole size: 6”

Purpose: Groundwater sampling
and water level measurements
Channels for CMT: 7

Installation method: sand and
bentonite (i.e., no packers)

Table 3-1. Initial Capital Cost Comparisons for ZIST™ and Multi-Level Monitoring

Systems
System Major Components Estimated Costs
Blatymini pumps; teflon tubing: riser pipe: well $7.500 (not including
screens; bentonite pellets transducers)
ZIST™ TM 4o P . : :
ZIST™ transducer housings; Troll 500 transducers; | $17.400 (including transducers)
(BESST, Inc.)

Troll cables; programming cable

ZIST™ training for installation and operation (2
days)

$3,500 (includes travel and
expenses)

CMT (Solinst,
Inc.)

CMT-7-Channel tubing; centralizers; wellhead;
installation tool kit

$1,800

Solinst training for installation and operation (2
days)

$3.600 (includes travel and
expenses)

Guidance Report

Diagnostic Tools For Performance Evaluation of Innovative
In-Situ Remediation Technologies at Chlorinated
Solvent-Contaminated Sites

ESTCP Project ER-200318

November 2011

Michael Kavanaugh
Rula Deeb
Maleolm Pirnie, Inc.

This document has been cieared for pubiic release

GESTCP

Plastic MP38 casing

$6,400 (casing components)

$1,600 (2-day rental of sampling
equipment)

Westbay
(Schlumberger) $33,000 (purchase of sampling
equipment)
Westbay technical services — for training in $4,000 (includes travel and
equipment operation expenses)
150 ft Water FLUTe with 3 ports $10.400 (FLUTe only)
Ancillary equipment for installation — pump tube: $2.,900 (for ancillary installation
FLUTe wellhead roller rental: winch plate rental; pump equipment)

plate rental; shipping reels

FLUTe labor to install system

$6,000 (including travel and
expenses)

Materials
cost:

$1,800

$6,400

$10,400



ZUSGS Westbay System
e 86 monitored zones
DOE/ID-22213 Well depth = 1,378 feet

Prepared in cooperation with the U.S. Department of Energy

Multilevel Groundwater Monitoring of Hydraulic Head and

. . . . USGS 134
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Engineered Multi-level Monitoring Systems (MLS)

Solinst CMT™ | N i

Solinst Waterloo System

i_
!
System 5 : _

System

| solinst cMT 7 61 $

1 Solinst Waterloo 8

200
400

‘cost estimate from Solinst provided 10/9/2024

Ports Depth (ft) Depth(m) Cost(USD)*

1,990.00 S

Cost/foot  Cost/meter

995 S
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Ambient vertical flow occurs in wells when they are
not being pumped
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Engineered multilevel monitoring systems are easily
installed in multi-screened wells

Bentonite or
cement seal —=
(typ.)

FIGURE 11.12
A dedicated multilevel monitoring system installed inside a steel or PVC well constructed with multiple well
SCTRENS.
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