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http://www.waterboards.ca.gov/water_issues/programs/groundwater/sb4/
docs/llnl_recommendations_report.pdf





Why multilevel groundwater 
characterization & monitoring?
• Solute concentrations, hydraulic 
properties, and head distribution are 
spatially variable in the subsurface, 
particularly in the vertical dimension
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Conceptual Model for Dissolved Plumes Emanating 
from DNAPL Source Zones

(Source: Guilbeault, Parker, & Cherry, 2005)







(Source: Meyer et al., 2014).

What about 
hydraulic
head?
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Should we expect variations in water chemistry 
and hydraulic head in California oil and gas fields?



Issues and biases with single‐interval, long‐
screened wells
• Blended concentrations and heads

• Measured concentrations in samples 
a function of flux into well

• Dilution of some target compounds 
below MDL

• Incongruent geochemical data (e.g., 
redox‐sensitive compounds, GW 
age)

• Bias associated with ambient vertical 
flow in well
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(Source: McIlvride et al. 1988).



(Source: Elci, A., F. Molz and W. R. Waldrop (2001). "Implications of observed and simulated ambient flow in
monitoring wells." Ground Water 39(6): 853‐862.



Well ClusterNested Well Engineered Multilevel 
System (MLS)

(a) (b) (c)

(Source: adapted from Einarson 2006).

Options for depth‐discrete groundwater 
monitoring



A “real” nested well

A) without centralizers; B) with centralizers

Source: Nielsen, 2005 Practical Handbook of Ground-Water Monitoring, Second Edition



(a) (b)

(c)

Source: Nielsen, 2005 Practical Handbook of Ground-Water Monitoring, Second Edition



(Source: Hansen et al. 2002)

There is a resurgence in the 
number of nested wells being 
installed in the U.S.

• Successful installations have large 
sealed intervals

• Same head values measured in 
adjacent zones may indicate a 
failed seal

• Effective centralizers are very 
important but are often an 
afterthought. Centralizers should 
be considered and specified in the 
well design



Well ClusterNested Well Engineered Multilevel 
System (MLS)

(a) (b) (c)

(Source: adapted from Einarson 2006).



Solinst Waterloo System

Westbay System



Engineered multilevel monitoring systems 
(MLS)

1. Continuous Multichannel Tubing (CMT™) 
http://www.solinst.com/products/multilevel‐systems‐and‐remediation/403‐
cmt‐multilevel‐system/

2. Solinst Waterloo System http://www.solinst.com/products/multilevel‐
systems‐and‐remediation/401‐waterloo‐multilevel‐system/datasheet/

3. Water FLUTe™ http://www.flut.com/index.html

4. Westbay System http://www.novametrixgm.com/groundwater‐
monitoring/multilevel‐well‐system/westbay‐system‐multilevel‐groundwater‐
monitoring
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(Source: provided by Westbay Instruments,
A Division of Nova Metrix Ground Monitoring (Canada) Ltd.).

Multi-screened

Installation options



(Source: provided by Westbay Instruments,
A Division of Nova Metrix Ground Monitoring (Canada) Ltd.).

Multi-screened

Installation options




Benefits of installing MLS in multi‐screened 
PVC or steel wells
• Familiar technology
• Smooth interior (high‐quality seals; low risk 
of failure during installation of MLS)

• Standard well development (mud rotary no 
issue)

• Standard geophysical logging
• Hydraulic testing
• Can verify integrity of seals
• Removable/ease of decommissioning 
(simplifies permitting)
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Key MLS advantages
• Head and hydrochemical data from multiple 
depths in a single borehole

• Only one pipe/tube in the borehole. 
Enhances reliability of seals

• Total project costs lower
• Small system volume results in more 
accurate head measurements

• Small footprint
• Reduced permitting costs
• Seals can be verified
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MLS disadvantages
• Fewer options for sampling; collecting large 
volumes of water can be time consuming

• Specialized training required
• Can be more difficult to decommission than 
conventional monitoring wells

• Fewer options for hydraulic testing
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Engineered MLS systems are no longer “novel” in 
California and can play an important role in Oil & 
Gas monitoring
• First system installed in an oil & gas field in Kern County in 
1986

• 2,000 MLS systems installed in California in the last 30 
years

• More than 200 Westbay wells installed in California, most 
in Southern California to depths up to 2,000 feet. (Deepest 
Westbay well is 7,000 feet in Decatur, IL)

• Several FLUTe and Westbay wells to ~500 feet at SSFL near 
Simi Valley

• 60 Westbay wells installed in Orange County to depths up 
to 2,000 feet in the 1990s

• Six Westbay wells installed recently for Mojave Water 
Agency

• Many Westbay wells installed at San Gabriel Valley 
Superfund sites29



Thank you!

Murray Einarson
Haley & Aldrich
Oakland, CA
meinarson@haleyaldrich.com
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