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Summary

The Moisture Level System was developed in 2004 by inventor Mr. Bob Brown to control
expansive soil heave under concrete slabs. The system uses a variation of sub-slab
depressurization to induce surficial drying in expansive clays under slabs. The
development, design and multi-year testing results of the Moisture Level System are
presented in this White Paper.

Background

Bob Brown is the Owner and President of Arizona Foundation Solutions (AZFS) and
developer of the Moisture Level System (MLS). Brown has a Bachelor of Design Science
degree in Housing and Urban Development (1984) from the School of Architecture and a
Bachelor of Science in Finance degree from the School of Business (1984), both at
Arizona State University. AZFS has performed over 8,000 house foundation
investigations and stabilized or repaired more than 4,000 homes over the last 15 years.
Brown has been working on the development of the MLS system for more than 15 years,
has patented the procedure and has installed the MLS on over 1,000 home sites since
2014 to help reduce and control soil expansion under home slabs.

J. David Deatherage, P.E. is a senior geotechnical engineer and President of Copper
State Engineering, Inc. Deatherage has a Bachelor of Science degree in Civil Engineering
(1978) and a Master of Science degree in Civil Engineering (1980), both from Arizona
State University. Deatherage has worked with geotechnical remediation alongside Brown
for more than 15 years and provided technical support to Brown during the multi-year
development of the MLS. While working on his Master's Degree at Arizona State
University in 1979, Deatherage developed a system of soil loading on model steel culverts
that used pressurized air flowing through sand to simulate lateral earth pressures. It was
found through both literature review and experimentation that a linear head loss of air
pressure through the sand was experienced when the total air pressure head loss through
the sand was a small percentage of the atmospheric exit pressure.

During the 1989-1995 time frame, Deatherage worked in the environmental industry
remediating underground storage tank (UST) leaks. For volatile fuel leaks such as
gasoline, vapor extraction wells were installed to depths of 5 to 100 feet and vacuum
extraction blowers were used to draw air through the fuel impacted soils under the UST



leaks. The volatile fuels were removed by evaporation into the venting air. Condensation
traps in the venting system piping generated considerable volumes of water, particularly
during times when the ambient air temperature was lower than the temperature of moist
air discharged from the vapor extraction wells. Deatherage observed that vapor extraction
wells dry out moist clay soils, with resultant shrinkage and settlements in the clay soils.
In some cases there were many inches and even feet of settlement adjacent to vent wells
and resultant tilting, separation and cracking of overlying structures. As part of the
monitoring of these venting systems, relative humidity, temperature and air flow
measurements were taken and it was possible to estimate the pounds of water removed
each day by the vapor extraction wells. In 1990 Deatherage authored an article “Ground
Settlements Induced by Soil Venting” in order to bring attention to potential settlement
problems with soil venting in moist clay soils.

At the same time the EPA was publishing articles on sub-slab depressurization (SSD).
SSD was described as the most common and most effective radon reduction strategy in
basement and slab-on-grade houses. An SSD system consisted of one or more pipes
attached to a fan or blower which creates a suction. Suction is measured with a digital
micro-manometer with a 0 to 20-inch water column (WC) range and accuracy of +/- 1
percent. The pipes usually originate in a pit dug into the fill material underneath the
concrete slab flooring of a house. Testing of SSD systems is conducted with vacuums of
2 and 5 inches of water. The literature warns against placing the pits near the perimeter
of a home when there are expansive soils under the perimeter footings. The pipe is
typically concealed in a closet corner or an unfinished area. Where possible, the piping is
routed upward to the attic and vented though the roof (EPA, 1991).

In discussions in the early 2000’s, Mr. Brown noted that there was center “dome” heave
in the concrete floor slabs in many of the homes in which he was performing foundation
repairs. This dome heave was frequently misdiagnosed as perimeter settlement. Typically
these homes were located in areas of near surface expansive clay soils in the greater
Phoenix, Arizona area.



Floor level (manometer) surveys of relative interior slab elevations are commonly used in
forensic geotechnical work to identify how much floor movement is present in homes.
Manometer surveys are corrected for different flooring thickness over slabs and are
accurate to +/- 0.1 inches. Comparing repeated manometer surveys is extremely valuable
in monitoring ongoing slab movements. An example of dome heave is shown below.

Y .
/ 3 e—— et High
7 ll"'-o!"
7 Points

7 ( /Y

’ /7 // -

/ /Bl | ; '
o

{

\A ,J},ﬂ\
L] AT RA LI K

\ \

Low Point

Brown believed that an under floor slab air venting system could be used to reduce the
accumulation of moisture in the expansive clay soils under the floor slabs. Brown
reasoned that if the expansive clay soils under a slab could be dried with ambient low
humidity air common to the Phoenix, Arizona warm and dry climate, the floor slab dome
heaving movements could stop and possibly even reverse.

Deatherage noted that because the air flow through sand at low relative pressure
gradients approximates the flow of an incompressible fluid, it was thought that it would be
possible to draw air with low suction from wide areas under a home.

Conventional three pour footing and floor slab foundation systems in the greater Phoenix,
Arizona area typically have four inches of aggregate base (AB) material first placed
under the slab. In some cases fine gravel is also used. The MLS developed by Brown
uses a low suction vacuum fan to extract air from the AB layer under the slab. Brown
adds ambient air intake ports on the perimeter stemwall around the interior extraction
point to encourage ambient low humidity air to flow through the AB to the extraction point.



Moisture Level System Components
Brown has since developed patented technical approaches to removing moist air from
under concrete slabs and replacing with dryer air in order to better control heave of
expansive soils under homes. AZFS has installed hundreds of these systems in Arizona
with encouraging results to date.
The MLS in its current state of development includes the following components:

e Moist Air Extraction Pit (inside 6” diameter core hole through slab)

e Electric Low Moisture Cutoff Sensor

e System Exhaust Venting Piping (4-inch diameter PVC)

e Vacuum Fan (1-3 inch of water suction in-line fan). Fan is low noise and has low
power consumption.

e Water Manometer Vacuum Measurement
e Perimeter Stem Wall Ambient Air Intakes

e Exhaust Pipe Outlet
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Moisture Level System Monitoring

Monitoring of the MLS operation includes observation and/or measurement of:

System suction measured in water manometer (inches of water)

Exhaust pipe (4-inch diameter = 12.57 square inches) and average measured
exhaust velocity (feet per second) measured with velocity meter.

Exhaust air temperature (degrees Fahrenheit) and exhaust relative humidity
(percent)

Ambient air temperature (degrees Fahrenheit) and ambient relative humidity
(percent)

Ambient air intake ports suction (inches of water) measured with Digital Micro-
Manometer.

Water Manometer and Digital Micro-
Monometer used to Confirm Extent of
Suction Under Slab




Measurement of Suction at Qutside Air
Inlet with Digital Micro-Manometer

Estimation of MLS Water Removal Rates

The discharge rate of the moist air from under a slab, the temperature and the relative
humidity of the exhaust air, and the temperature and the relative humidity of the ambient
perimeter inlet air can be compared to calculate the pounds of water removed each day
by the MLS. From basic thermodynamics, one cubic foot of dry air at standard
temperature and pressure (STP) 60 degrees F and 1 atmosphere, weighs approximately
0.081 pounds.

e 12.4 cubic feet of dry air at STP (elev. 0 feet, 60 degrees F) weighs 1.0 pound.

e 12.9 cubic feet of dry air in Phoenix AZ (elev. 1,100 feet, 60 degrees F) weighs 1.0
pound.

e 15.2 cubic feet of dry air in Flagstaff AZ (elev. 7,000 feet, 60 degrees F) weighs 1.0
pound.



The temperature and relative humidity relationship can be shown on the psychrometric
chart presented below. From the psychrometric chart, if the MLS exhaust air temperature
is 75 degrees F (red arrow) and the relative humidity of the exhaust air is 45 percent (blue
arrow), there is 0.0086 pounds of water per pound of air exhausted (green arrow).
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To calculate the moisture removal effectiveness of the MLS at a specific time, the moisture
being removed from under the home slab must be compared with the moisture in the
ambient air returning under the slab through the air intake ports on the perimeter of the
home. The difference in these two amounts is the effective moisture removal rate
expressed in pounds of water per day.

In the general Phoenix area, one pound of dry air takes up 12.9 cubic feet. If the MLS air
exhaust rate is 0.5 cubic feet per second (cfs), there is 0.5/12.9 = 0.039 pounds of air per
second exhausted. From the example on the previous page, if there is 0.0086 pounds of
water per pound of air discharged, 0.039 x 0.0086 = 0.0003354 pounds of water per
second, or 0.020 pounds of water per minute, or 1.2 pounds of water per hour, or 29.0
pounds of water discharged from the MLS per day.

From the psychrometric chart, if the ambient outside air temperature is 75 degrees F and
the relative humidity of the outside air is 25 percent, there is 0.005 pounds of water per
pound of outside air. In the general Phoenix area, one pound of dry air takes up 12.9
cubic feet. If the replacement air inflow rate is 0.5 cfs, there is 0.5/12.9 = 0.039 pounds of
ambient air per second flowing back under the slab. 0.039 x 0.005 = 0.000195 pounds of
water per second, or 0.012 pounds of water per minute, or 0.7 pounds of water per hour,
or 16.8 pounds of water per day returning back to the AB under the slab. The difference
between 29.0 — 16.8 = 12.2 pounds is the net water removed from under the slab per day.

Note that there can be an elevation correction added to the psychrometric chart as the
chart is only strictly correct at sea level. Because we are mainly interested in the relative
difference in moisture level contents between the ambient air and the MLS exhaust air for
MLS in the greater Phoenix area (elev. 1100), no elevation correction has been applied
to the readings in this reporting.

When and Where the use of the MLS can be Considered

We recommend considering the use of the Moisture Level System when there is a near
surface strata of originally dry expansive clay soil that has become wetted and is heaving
with a dome manometer pattern under a portion of a floor slab inside a structure. The
source of the excess moisture should be identified and eliminated as part of this
mitigation. There should be an air permeable layer of AB or gravel between the floor slab
and the expansive subgrade soils. For areas outside the greater Phoenix area, we
recommend considering both the seasonal variations in temperature and relative humidity
and the climatic regions as discussed in the next two sections to screen for possible
candidate areas for MLS treatment.



Greater Phoenix Arizona Relative Humidity (RH) Variation

We reviewed RH measurements taken twice each day (at noon and at midnight) in 2018
at the Maricopa County Flood Control District weather station (Durango Complex — RH
Gage No. 3302). This weather station located in central Phoenix (Durango Street and 27
Avenue) yielded the following RH variation by month data:

Both Both
RH RH RH RH One Both

2018 Min. Max. <31% <51% RH>50% RH >50%
Month (%) () (Days) (Days) (Days) (Days)
January 5 89 6 25 4 2
February 10 97 11 21 4 3
March 5 68 22 28 2 1

April 4 35 28 30 0 0

May 5 33 30 31 0 0
June 10 68 27 30 0 1

July 9 80 12 26 5 0
August 11 84 10 26 5 0
September 9 97 18 28 1 1
October 21 97 1 14 10 7
November 8 100 5 18 8 4
December 19 98 0 5 21 5

For 170 days in 2018 the ambient RH range was (4% to 30%) for both noon and midnight
readings. These days in 2018 when the MLS will typically work very well to remove
moisture from under floor slabs are highlighted in yellow above.

For 256 days in 2018 the ambient RH range was less than 51% for both noon and
midnight readings. These days in 2018 when the MLS will typically work very well to well
to remove moisture from under floor slabs are highlighted in green above.

For 60 days in 2018 the ambient RH range was above 51% for just one of the noon and
midnight readings. These days in 2018 when the MLS will typically work well to marginally
well to remove moisture from under floor slabs are highlighted in gray above.

For 24 days in 2018 the ambient RH range was above 51% for both the noon and midnight
readings. These days in 2018 when the MLS will typically not work well to remove
moisture from under floor slabs are highlighted in blue above.

Note that in October of 2018 there was a record six inches of record rainfall during the
month in parts of the greater Phoenix Area. The relative humidity data for this month
reflects the record breaking moisture conditions in October of 2018.

We recommend doing a similar review for areas under consideration for MLS use.



Arid and Dry Climate Regions in the United States

The Thornthwaite Moisture Index (MI) for different climatic regions in the United States
provides a good estimate of locations where the MLS will work effectively to remove
moisture from under slabs in homes. “Arid” areas where the MI is less than -20 (white
areas below) are excellent candidates for effective drying of moist clay soils under slabs
for much of the year. “Dry” areas where the Ml is between 0 and -20 (light shaded areas
below) are good candidates for effective drying of moist clay soils under slabs for much
of the year.

T™ 5-818-7
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DRY, -20 <MI <0

ARID, Mi < -20
U. S. Army Corps of Engineers

Figure 6-8. Approximate distribution of the Thornthwaite Moisture Index (MI) in the United States.

“Arid” and “Dry” candidate climatic areas in the contiguous United States for effective
Moisture Level System during most of the year use include:

e Most of Arizona e Western Kansas

e Most of Nevada e Western Oklahoma

e Most of Utah e Eastern Colorado

e Most of New Mexico e Eastern Montana

e Most of North Dakota e Southern California

e Most of South Dakota e Portions of western Oregon
e Western 2/3 of Texas e Portions of southern Idaho
e Western Nebraska e Portions of Wyoming
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Expansive Soil Areas in the Greater Phoenix Area

Mapped areas in the greater Phoenix area with “High Soil Shrink/Swell Potential” are
shown in red below. This figure was published on 1-21-2000 by the National Resources

Conservation Service (NRCS).
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NRCS areas with “High Soil Shrink/Swell Potential” are considered candidates for the
MLS when the expansive clays start out in a relatively dry condition under the home slab
and then become wetted by any of a number of reasons. The blue circle above is an area
in Gilbert Arizona where extensive near surface expansive clays are common.

The NRCS has similar near surface soils information available for most regions in the
contiguous United States, and we recommend characterizing each potential area of MLS
use with similar near surface geotechnical information or with specific sampling and

testing by a geotechnical engineer.
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Suggested Geotechnical Testing

Suggested geotechnical testing to assess soil characteristics and to estimate how much
heaved expansive clays can shrink back when air dried include both classifications tests:
Particle Size and Atterberg Limits and a variation of the ASTM D4546-14 One-
Dimensional Swell or Collapse of Soils (Response to Wetting) with added air drying at the
end of the test.

In the response to wetting test shown below, an intact sample of expansive clay soil is
first loaded to 135 pounds per square foot (psf) to simulate a typical loading of subgrade
soils under a concrete slab. Then the sample is flooded with water and observed to swell
8.0 percent. Incremental additional loading of 270, 540 and 1080 psf are then applied and
the soil compresses approximately 3.5 percent. Loading is then reduced to 135 psf and
the sample rebounds (swells) approximately 1.0 percent. At this point the sample is then
air dried with a small electric fan and the clay soil shrinks back an additional 4.0 percent.
Clay soils with higher percent passing the 0.002 millimeter size and medium to high
Plasticity Index will be more prone to exhibit the cyclic movement with moisture change
exhibited in the testing below.
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AZFS typically samples the soils removed from the extraction pit under the home slabs
and has a patrticle size (down to the #200 sieve) and Atterberg limit Liquid and Plastic
Limit tests run.
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MLS Monitoring and Manometer Survey Results and Comments

AZFS has been monitoring the Phoenix area MLS installations for several years to date.
The monitoring included comparisons of changes in floor level survey manometer
readings and later the MLS moisture removal rate estimation.

Table A Results - Floor level manometer comparisons for MLS installations in the 2014
and 2015 time frame are shown as Table A, attached to this paper. Monitoring was
performed from December of 2014 through November of 2015. Observations on this
monitoring include:

e 24 sites with operational time of 3 to 11 months.

e Of the 24 sites, 12 show no slab elevation differences in the area of heaving.

e Of the 24 sites, 7 show lower slab elevations in the area of heaving, in a range of
0.1 to 0.5 inch, and an average of 0.26 inch.

e Of the 24 sites, 4 show higher slab elevations in the area of heaving, in a range of
-0.1 to -0.2 inch, and an average of -0.125 inch.

e The average drop in elevation for all 24 sites was 0.054 inch.

Table B Results - Floor level manometer comparisons for MLS installations in the 2016
time frame are shown as Table B attached to this paper. Monitoring was performed
between February and June of 2016. Observations on this monitoring include:

e 14 sites with operational time of 7 to 19 months.

e Of the 14 sites, 3 show no differences in slab elevations in the area of heaving.

e Of the 14 sites, 10 show lower slab elevations in the area of heaving, in a range of
0.1 to 0.3 inch, and an average of 0.14 inch.

e Of the 14 sites, 1 show 0.1 inch higher slab elevations in the area of previous
heaving.

e The average drop in elevation for all 14 sites was 0.093 inch.

Table C Results — Additional 2016 floor level manometer comparisons with MLS moisture
removal rate estimation are shown on Table C attached to this paper. Monitoring was
performed during November 2015 through May of 2016. Observations on this monitoring
include:

e 29 sites with operational time of 8 to 26 months, or in some cases not provided.

e Of the 29 sites, 18 have slab elevation comparison measurements.

e Of the 18 sites, 7 show no differences in slab elevations in the area of heaving.

e Of the 18 sites, 8 show lower slab elevations in the area of previous heaving, in a
range of 0.1 to 0.5 inch, and an average of 0.21 inch.

e Ofthe 18 sites, 3 show 0.1 to 0.2 inch higher slab elevations in the area of heaving.

e The average drop in elevation for all 18 sites was 0.072 inch.
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e Of the 29 sites, 26 have net MLS moisture removal rate estimates that varied from
0.1 to 105.5 pounds of water removed per day.

o Of 27 sites with exhaust measurements, the average air flow was 0.49 cfs.

Table D Results — MLS moisture removal rate estimates are shown on Table D attached
to this paper. Monitoring was performed during the initial operation of the MLS installed
during January through July of 2019. Observations on this monitoring include:

e 62 sites with initial moisture removal estimates.

e The net MLS moisture removal rate varied from 5.0 to 238 pounds of water
removed per day.

* The average initial installation net MLS moisture removal rate was 68.8 pounds of
water per day.

e The suction measured on the MLS was noted for 56 of the 62 sites. The suction
varied from 1 to 2.9 inches, with an average of 1.81 inches of water suction.

e The suction on the perimeter intake ports was also measured with at least some

measurable suction in 42 of 46 measured ports.
o Of 62 sites with exhaust measurements, the average air flow was 1.05 cfs.

In 2019 AZFS returned to four of the original 2016 MLS installations. AZFS repeated the
monitoring to see what variations would be encountered after almost three years of MLS
operation. The locations of revisited sites numbered 2, 3, 7 and 8 are shown below.
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Table E Results — AZFS returned to four sites in Gilbert Arizona selected by Deatherage
to check on next slab movements and net moisture removal rates after several years of
MLS operation. The results of the manometer floor level changes and the moisture
removal rate estimates are shown on Table E attached to this paper. Monitoring was
performed during 2014 through 2019, with the last reading taken in March of 2019.
Observations on this monitoring include:

e Four sites with operational time of 44 to 60 months.

e Two sites show no differences in slab elevations in the area of previous heaving.

e Two sites show lower slab elevations in the area of previous heaving, in a range
of 0.3 to 0.7 inch, and an average of 0.5 inch.

e The average drop in elevation for all four sites was 0.25 inch.

e The net MLS moisture removal rate estimates for the four sites after 10 to 26
months of operation varied from 5.5 to 105.5 pounds of water removed per day.

e Of the four sites after 10 to 26 months the average air flow was 1.57 cfs.

e The average net MLS moisture removal rate after 10 to 26 months of operation
was 48.5 pounds of water per day.

e The net MLS moisture removal rate estimates for the four sites after 44 to 60
months of operation varied from 0.0 to 62.7 pounds of water removed per day.

e Of the four sites after 44 to 60 months the average air flow was 1.43 cfs.

e The average net MLS moisture removal rate after 44 to 60 months of operation
was 24.0 pounds of water per day.

Note:

The reported floor slab manometer elevation net differences are not necessarily the
differences between the highest and lowest points. The heave is rarely so large that it
encompasses the highest and lowest points. Also some areas have been poly-levelled
and underpinned which may raise a low point. AZFS looks at the specific heaving area
and measures how much elevation change happened just in the heaving area. In this way
the variables mentioned above aren’t impacting the MLS results (or are impacting as little
as possible).

Suggested Areas of Additional Study
We recommend that additional work be done in the following directions:

e Continue returning to several dozen representative MLS installations that have
been in place for several years and monitor floor slab elevation changes, MLS net
moisture removal rates and perimeter intake suction.

e Characterize the effectiveness of the MLS for different AB materials and different
thicknesses of AB layer.

e Characterize the effectiveness of the MLS for different subgrade soils by
correlating geotechnical testing results with specific MLS installation sites.

e Trythe MLS at higher elevations (5,000 to 7,000 feet) and in “dry” climatic areas.
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e Check effectiveness in cooler winter weather regions such as Flagstaff, Arizona.

e Add a continuous reading RH sensor and have a system cutoff when the ambient
RH is excessive, then restart the MLS when the RH drops back to a lower value.
This RH sensor does not necessarily have to be added to each MLS if there is
internet connection that allows the MLS to be turned on and off remotely when the
humidity is high in the greater Phoenix area (or other climatic area).

e When the MLS moisture removal rate falls off, consider running only in dry periods.

e Return to sites with low air flow and/or low initial moisture removal rates and
investigate the source of the problem.

e Test the MLS with higher suction fans for better results when needed.

e Experiment with opening and closing perimeter ambient air intake ports to reduce
drying in some areas and increase drying in other areas.

e Test the MLS with Post-Tensioned slabs that exhibit dome heave.

Conclusions

The AZFS Moisture Level System is an effective alternative measure to mitigate
expansive soil dome heave under lightly loaded residential concrete floor slabs that have
a several-inch-thick layer of AB or gravel under the concrete floor. When used in climatic
“arid” and “dry” areas with favorable relative humidity variations, the MLS can be
effectively used to dry the surface of moist soils under concrete slabs during most times
of the year. Depending on whether the subgrade soils are expansive clays that will shrink
back when dried, or expansive clays that simply stop swelling when dried, the MLS can
stop future clay heave, and in some cases cause the clay to shrink back and reduce the
total dome heave. To prevent over-drying and possible excessive shrinkage of the
expansive clay soils, AZFS incorporates an electric moisture cut off sensor buried
approximately one foot under the AB that turns off the system when the expansive clay
soils reach moisture contents under 8 to 10 percent.

As an example:

A one foot thick expansive clay layer under a 1,000 square feet portion of a concrete floor
slab in Phoenix, AZ becomes wetted and heaves up two inches in a dome pattern under
the floor. With a soil moisture content of 25 percent and a dry density of 105 pcf, there
are 105,000 pounds of dry soil and 26,250 pounds of water in the one foot thick expansive
clay layer. The MLS is installed with an average net moisture removal rate of 50 pounds
of water per day in the first year of operation. It will take 262 days to remove V2 of the soll
moisture from the expansive clay layer. Assuming the original moisture source has been
eliminated, the expansive soil heave under the slab will be arrested as the clay soil dries
out. Depending on the moisture variation cyclic nature of the expansive clay soil, the
amount of heave may be actually reduced as the clay soil dries.
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Systems Running for Less Than One Year

Table A

2014-2015 MLS Manometer Comparison Data for 25

MLS Run Time Elevation Elevation Heave
Customer | Date of Re- (estimated) Variance Variance Reduction
ID. Read City months (Before) inch | (After)inch (inch)
1SH 12/10/2014 Scottsdale 3 1.3 1.1 0
2 AL 11/18/2015 Surprise 6 0.8 0.8 0
3 HA 6/30/2015 Gilbert 9 2.1 1.8 0.3
4 MA 12/2/2015 Surprise 6 1.2 1.3 0
5WI 12/2/2015 Surprise 6 0.9 1 -0.1
6GOD 10/22/2015 Litchfield 8 2.4 1.5 0
7G0OG 6/20/2015 Gilbert 9 2.3 1.2 0.3
8 KN 12/1/2015 Mesa 7 2.7 2.1 0
9 KO 9/16/2015 Gilbert 6 0.9 0.9 0.2
10 LA 11/20/2015 Tempe 7 1.9 1.9 -0.1
11 CR 12/16/2014 Mesa 3 1.3 13 0
12 AN 11/20/2015 Phoenix 9 1.7 1.5 0.3
13 CA 4/29/2015 Mesa 5 1.3 14 0
14 FU 11/5/2015 Buckeye 8 1.9 1.9 0
15 GR 11/24/2015 Gilbert 6 2.2 2.2 0
16 GU 12/4/2015 Chandler 8 1.5 13 0
17 HA 5/14/2015 Casa Grande 7 1.2 1.1 0
18 HI 5/12/2015 Chandler 6 1.7 1.1 -0.2
19 HU 11/6/2015 Gilbert 11 1.3 1.3 0
20MAR 12/4/2015 Phoenix 8 1.9 2.3 0.5
21 ME 12/7/2015 Peoria 8 1.6 1.1 0.1
22 MO 11/20/2015 Glendale 11 1 1.1 0.1
23S0 11/23/2015 Surprise 1 0.9 0.9 0
24 ST 11/4/2015 Gilbert 10 1.9 1.6 -0.1
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Table B

2016 MLS Manometer Comparison Data for 14

Systems
Heave
Reduction
Elevation (inch) where
MLS Run Time Variance Elevation + is shrinkage
Customer Date of (estimated) (Before) Variance and - is
ID. Sample City months inch (After) inch heaving
ME 4/25/2016 Pinetop 11 1.5 1.2 0.3
TE 2/16/2016 Scottsdale 12 1.7 1.8 0.1
JO 5/25/2016 Gilbert 19 1.2 1 0.3
OB 6/3/2016 Gilbert 18 1.7 15 0.1
AN 6/8/2016 Gilbert 10 2.7 2.7 0
KL 3/15/2016 Pinetop 10 2.6 2 0.1
Gl 6/8/2016 Flagstaff 7 1.5 1.5 0
NA 3/21/2016 Pinedale 8 3.3 2.9 0.1
NO 3/14/2016 Mesa 5 1.7 1.6 0.1
TEU 2/16/2016 Scottsdale 6 1.6 1.8 0.1
AP 5/10/2016 Tucson 10 2 2 0
TR 4/24/2016 Tucson 2.2 2.1 0.1
MO 4/28/2016 Tucson 7 0.9 0.9 0.1
CA 5/22/2016 Tucson 8 1.3 1.2 -0.1
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Table C

2016 MLS Monitoring and Manometer Comparison
Data for 29 Systems

(next page)
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Table D

New 2019 MLS Install Monitoring Data for 62
Systems

(next two pages)
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Table E

2019 Re-Read of Four MLS Sites in Gilbert Arizona
with Repeat Manometers
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