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Abstract: Hays Hall, headquarters for the U.S. Army 10th Mountain Di-
vision, has had a severe moisture intrusion problem since construction,
with large volumes of water seeping through concrete walls and floors of
the basement. The year after the building underwent acceptance commis-
sioning, the basement flooded to a depth of 4 ft, and $200,000 worth of
electronics and communications equipment was destroyed by water dam-
age and severe corrosion. Sump pumps were installed to mitigate the wa-
ter intrusion problem, but during the spring rainy season the pumps have
been unable to completely eliminate water inflow. The basement still
floods to a depth of several inches during heavy rains. One of the pumps
had to be replaced after less than half its expected service life.

To address these continuing problems, an electro-osmotic pulse (EOP)
system was installed in the basement of Hays Hall during the first and
second quarters of Fiscal Year 2006. The system was activated in June
20006, and the U.S. Army Engineer Research and Development Center is
monitoring long-term effectiveness of the system to prevent flooding of the
basement. To date the EOP system is successfully preventing water intru-
sion and is keeping the interior walls and floors dry.

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes.
Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products.
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to
be construed as an official Department of the Army position unless so designated by other authorized documents.

DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR.
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Introduction

This demonstration was performed for the U.S. Army Installation Man-
agement Command (IMCOM) under U.S. Army Corrosion Control and
Prevention (CPC) Program Project IMA-1; Military Interdepartmental
Purchase Requests MIPR5CCERB1011 and MIPR5CROBB1012, dated 15
December 2005. The proponent was the U.S. Army Office of the Assistant
Chief of Staff for Installation Management (ACSIM). The technical moni-
tors were Paul M. Volkman (IMPW-E) and David N. Purcell (DAIM-FDF).

The work was performed by the Materials and Structures Branch (CF-M)
of the Facilities Division (CF), Construction Engineering Research Labora-
tory — Engineer Research and Development Center (ERDC-CERL). The
Program Manager for the ERDC-CERL CPC Program was Dr. Ashok Ku-
mar. The ERDC-CERL CPC Program Project Officer was Vincent F. Hock
(CEERD-CF-M) and the Associate Project Officer was Orange S. Marshall,
Jr. (CEERD-CF-M). The electro-osmotic pulse installation portion of this
work was done by Drytronic, Inc., 17295 Chesterfield Airport Road, Ches-
terfield, MO 63005 under contract No. F09650-03-D001, Prime Order
5014. The President of Drytronic, Inc., is Paul D. Femmer. At the time this
report was published, the Chief of the ERDC-CERL Materials and Struc-
tures Branch was Vicki L. Van Blaricum (CEERD-CF-M), the Chief of the
Facilities Division was L. Michael Golish (CEERD-CF), and the Technical
Director for Installations was Martin J. Savoie (CEERD-CV-ZT). The Dep-
uty Director of ERDC-CERL was Dr. Kirankumar V. Topudurti and the Di-
rector was Dr. Ilker Adiguzel.

COL Gary E. Johnston was the Commander and Executive Director of
ERDC, and Dr. James R. Houston was the Director.
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Executive Summary

Hays Hall, headquarters for the U.S. Army 10th Mountain Division, has
been affected by a severe moisture intrusion problem since it was con-
structed, with large volumes of water seeping through concrete walls and
floors of the basement. The year after the building underwent acceptance
commissioning, the basement flooded to a depth of 4 ft, and $200,000
worth of electronics and communications equipment was destroyed by wa-
ter damage and severe corrosion. Sump pumps were installed to mitigate
the water intrusion problem, but during the rainy season each spring the
pumps have been unable to completely eliminate water inflow. The base-
ment still floods to a depth of several inches during heavy rains. One of the
pumps had to be replaced after less than half its expected service life.

To address these continuing problems, an electro-osmotic pulse (EOP)
system was installed in the basement of Hays Hall during the first and
second quarters of Fiscal Year 2006. The system was activated in June
20006, and the U.S. Army Engineer Research and Development Center is
monitoring long term-effectiveness of the system to prevent flooding of the
basement. To date the EOP system is successfully preventing water intru-
sion and is keeping the interior walls and floors dry.
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Unit Conversion Factors

Multiply By To Obtain

degrees Fahrenheit (5/9) x (°F - 32) degrees Celsius
degrees Fahrenheit (5/9) x (°F - 32) + 273.15. kelvins

feet 0.3048 meters

inches 0.0254 meters

square feet 0.09290304 square meters
square inches 6.4516 square centimeters
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1 Background

Overview

Hays Hall, building P10000 at Fort Drum, New York, serves as the Head-
quarters for the U.S. Army 10th Mountain Division. The structure was
constructed in the late 1980s in a swampy area near the center of the can-
tonment area, possibly over an underground spring. The floor of the
basement was constructed on two elevations. Approximately half of the
floor is standard slab-on-grade construction and the other half is slab-on-
grade below an elevated panel floor that is in the same plane as the non-
elevated floor. Figure 1 shows the space between the concrete slab and the
elevated panel floor installed in the basement.

Figure 1. Space below raised panel floor in Hays Hall basement.

The basement is the source of a severe moisture-intrusion problem at
Hays Hall. Large amounts of water have continually seeped through
concrete walls and floors of the basement since the building was
constructed. The year after the building was put into service the basement
flooded to a depth of 4 ft, destroying $200,000 worth of electronics and
communications equipment through water damage and severe corrosion.
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Sump pumps were installed to mitigate the water intrusion problem, but
during spring rains the water inflow continues to exceed pumping
capacity, and the basement still floods to a depth of several inches. One of
the pumps failed in less than half its expected service life and had to be
replaced at considerable cost.

To resolve this persistent water intrusion problem, an electro-osmotic
pulse (EOP) moisture control system was installed in the basement of
Hays Hall during the first half of Fiscal Year 2006 (FY06). The EOP
system was activated in June 2006 and it is now successfully preventing
water intrusion, keeping the interior walls and floors of the basement dry.
The U.S. Army Engineer Research and Development Center —
Construction Engineering Research Laboratory (ERDC-CERL) has begun
long-term performance monitoring of the system to assess its ability to
prevent water intrusion into the basement.

EOP technology offers an alternative water control method. It mitigates
water seepage into the affected areas without requiring excavation, saving
40% or more compared with other approaches. EOP reduces corrosion of
mechanical equipment and eliminates mold problems common in moist or
excessively humid environments.

EOP technology

EOP technology is based on the principle of electro-osmosis, the
movement of an electrically charged liquid under the influence of an
external electric field. Electro-osmosis is not a new technology although
new applications are being developed today. In 1809, F.F. Reuss originally
described electro-osmosis in an experiment showing that water could be
forced to flow through a clay/water system when an external electric field
was applied to the soil (Reuss 1809).

EOP uses electro-osmosis for control of water intrusion within concrete
structures. It uses pulsed, low-power direct current (DC) voltage fields to
keep the interior surface of below-grade concrete or masonry structures
dry and reduce indoor relative humidity. Past experience has shown that
constant DC voltage used for moisture control deteriorated concrete over
time. To prevent the chemical changes that cause the observed concrete
deterioration, pulsed current was applied and shown to be effective. Figure
2 is a plot of the voltage versus time used in the Hays Hall EOP applica-
tion. The plot depicts one complete pulse cycle.
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Figure 2. Plot of the voltage vs time used in Hays Hall.

The EOP system developed by ERDC-CERL and Drytronic, Inc., uses two
sets of electrodes — one set of anodes and one set of cathodes. The anodes
in the EOP system are embedded just below the surface of the concrete
floors or walls. The cathodes are placed either in the surrounding soil or
sometimes, if the wall is at least 2 feet thick, deep in the concrete floor or
wall. Research has shown that when pulsing DC voltage is applied between
the electrodes, it produces an electric field in the concrete floors and walls,
which initiates hydraulic flow.

In basic terms, the EOP system uses pulses of electricity to reverse the flow
of water seepage, causing moisture to flow out of the basement walls, and
away from the building. The technology works by alternately pulsating a
direct electric field with an off-period. The electric field consists of a pulse
of positive voltage (as seen from the dry side of the concrete wall), fol-
lowed by a pulse of negative voltage. Both pulses are followed by a brief
nonenergized pause during which no voltage is applied. Of the three parts
of the cycle, the positive voltage lasts the longest. The amplitude of the
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positive signal is typically on the order of 20 — 40 volts DC (VDC). This
positive electrical pulse causes cations (e.g., Ca++) and associated water
molecules to move from the dry side (anode) toward the wet side (cathode)
against the direction of flow induced by the hydraulic gradient, thus pre-
venting water penetration through buried concrete structures. A critical
aspect of this technology is the application of the negative voltage pulse,
which depolarizes the electrodes, helping to maintain their efficiency, and
controls the amount of moisture within the concrete, thereby preventing
over-drying (and subsequent degrading) of the concrete matrix (McIner-
ney et al., 2002). Figure 3 is diagram of the process.

+Volts
®
-Volts
+ Pulsed DC Power Supply -
Cathode +
7 Copper

Anode — Grounding Rod

Mortared Driven in Outside

into Wall Soil

or Floor
Inside
Surface of Outside
wall ———>» Surface of

N3
Wall Cross Section

Figure 3. lllustration of EOP process.

For electro-osmosis to work effectively, specific conditions must be met.
The first condition is that the medium to which electro-osmosis is applied
to must contain capillary pores. Those same materials typically have the
proper surface charges. In order for electrical current to flow through the
medium, it must be wet with the pore fluid containing a dilute electrolyte.
Finally, the electrical current must be applied in a way that minimizes
chemical alteration of pore solution. Concrete, masonry, most stones used
in construction, and clays meet all of these requirements.

Electro-osmosis has been used in civil engineering to (1) dewater dredg-
ings and other water-saturated waste solids, (2) consolidate clays, (3)
strengthen soft, sensitive clays, and (4) increase the capacity of pile foun-
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dations. It has also received significant attention in recent years as a me-
thod to remove hazardous contaminants from groundwater or to arrest
water flow.

Hays Hall EOP system installation

The EOP system in the basement of Hays Hall at Fort Drum, NY, was in-
stalled in three phases: (1) the non-secure area, (2) the Division Tactical
Operations Center (DTOC) area, and (3) the Sensitive Compartmented In-
formation Facility (SCIF) area. The installation of the electrodes and wir-
ing was completed on May 12, 2006. Control panels for the system were
installed on June 22, 2006, and the system was energized on June 23,
2006. Figure A1in Appendix A shows the layout of the different
construction phases.

Anodes

The anodes installed in the floors of the basement are Elgard™ 150
Ribbon Mesh (Figure 4). They consist of 0.75 inch wide titanium mesh
with a precious metal oxide catalyst sintered coating. The product data
sheet is included as Figures D1 and D2 in Appendix D. A total of 4,500 feet
of ribbon mesh anode was installed (a) along the wall/floor junctures, (b)
in-floor control joints, and (c¢) in construction joints in the floor. The
anodes are divided into nine controlled zones with approximately 500
linear feet of anode per zone. The as-built drawing, Figure A2 in Appendix
A, shows the locations of the anodes installed in the basement.

Cathodes

The cathodes are typical copper bonded ground rods, 0.5 inch in diameter.
Figure D6 in Appendix D is the Product Data Sheet for the cathodes used.
Thirteen cathodes were installed through the floor, and fourteen cathodes
installed through the walls. The as-built drawing, Figure A2 in Appendix
A, shows the locations of the cathodes installed in the basement of Hays
Hall.
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Figure 4. Photograph of anode ribbon installed in basement.

Stray current protection

Steel reinforcement is used in many concrete structures to increase the
structural strength of the concrete, especially in tension, and to reduce
cracking and spalling. When a DC electric field is initiated in the concrete,
a portion of the current is conducted to the steel. This is the principle that
makes cathodic protection of steel structures possible. The electrical
current protects the steel from corrosion when the steel is the cathode. If,
however, the steel is not the cathode, as is the case in EOP installations,
corrosion will occur where the electrical current or stray current leaves the
steel to flow toward the cathode. To prevent the stray current from leaving
the reinforcing steel and corroding it, special circuitry was developed and
included in the EOP system control unit that provides an alternate route to
the cathode through the control unit. So the stray current goes back to the
controller directly instead of jumping off of the reinforcement bar and
going to the cathode, preventing that form of corrosion. The reinforcing
steel in the basement of Hays Hall was bonded at 21 locations throughout
the structure to provide protection from stray corrosion. The as-built
drawing, Figure A2 in Appendix A, shows the locations of the stray current
connections installed in the basement.
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Floor cracks

All concrete cracks as it cures, as it is loaded, and as it ages. Some of the
cracks are so small that they cannot be seen without magnification while
other cracks can become so wide that they are easily seen from a distance.
Steel reinforcement is typically used to reduce the cracking and limit crack
width and growth. Often in floors and basements, cracks allow water to
enter the strucure. Most water intrusion in basements or through floor
slabs is the result of cracking. When an EOP system is installed, cracks
that allow water intrusion are injected with a polyurethane grout and an
anode is installed.

A substantial water leak was located under the elevated flooring in the Post
& Division Plans Room. The leak was addressed by porting and injecting
the cracked concrete with Strata-Tech 524 polyurethane grout. All other
cracks that were found in the floor were routed with a 3/8 inch (9.5 mm)
masonry cutter and filled with Micor two-part epoxy. Product data sheets
for the grout (Figures D4 and D5) and epoxy (Figures D7 and D8) are
included in Appendix D.

Control panels and wiring

Control panels for different zones of the EOP system are installed in three
locations: (1) Electrical Room B28B, which contains cabinet EOP 1, (2)
Janitor Room, which contains cabinet EOP 2, and (3) ASPS support in the
SCIF, which contains cabinet EOP 3. EOP 1 controls five zones, EOP 2
controls two zones in the DTOC area, and EOP 3 controls two zones in the
SCIF area.

All connections to the anodes are resistance-welded to half-inch wide
titanium CD bars using 1/8 inch diameter titanium rods. The lead wires
from the control unit are connected to the rods using electrical crimp
connectors that are secured and made waterproof by encasing in thick
polyolefin heat-shrink tubing. Figure 5 shows the anode connection. All
wires are connected to the cathodes using exothermic welds applied using
a Cadwell Plus One Shot (Figure 6). Appendix D contains data sheets for
the heat-shrink tubing (Figure D11) and the weld material (Figure D9).
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Figure 5. Drawing of the anode-lead wire connection.
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All control wiring in the SCIF is embedded in a slot backfilled with
Masterflow 928 grout. There are two surface-mounted junction boxes
shown on the as-built drawing. The product data sheet for Masterflow 928
grout is included in Figure D3, Appendix D.

Figure 6. Cathode connection with exothermic weld.

All wiring used with the EOP system is multi-strand RHH AWG 14 wiring.
The product data sheet for the wiring used is included in Figure D12,
Appendix D. The wire code used for the installation is as follows:

» red wire — anode feeds
« blue wire — stray current/rebar connections
» green wire — cathode leads.

All EOP system junction boxes and conduit are clearly labled. A copy of the
as-built drawing and the operator manual are maintained inside the



ERDC/CERL TR-07-28

control unit panels. The as-built drawing in each panel clearly shows the
area controlled by each zone within the panel.

Startup

The startup was performed without any complication. The control unit
manufacturer, DSP Automation, assisted in the startup to ensure the
proper controls were set to accommodate the rebar protection circuit.
Zones 1 — 5 in cabinet EOP 1 have approximately equal resistance between
the anode and cathode and between the anode and rebar, due to the rock
encountered when installing the cathodes.

After the system was activated, it was monitored for 72 hours to ensure
proper functioning of the electronic components. No failures were encoun-
tered. In cabinet EOP 2, Zone 4 was damaged due to operator error and
was repaired. (The laptop computer being used to monitor the voltage and
current settings was plugged into a grounded electrical circuit. Because
both the control unit and the computer were grounded, the zone controller
shorted out.) Table 1 presents the operating parameters at startup:

Table 1. Startup data (set at 5 amp limits).

Unit No. Zone No. Amps Volts
EOP 1 01 5.5 13.6
02 3.7 25.4
03 1.6 27.1
04 3.4 21.8
05 3.3 19.6
06 Spare Spare
EOP 2 01 1.8 26.9
02 1.6 27.1
03 Spare Spare
04 Spare Spare
EOP 3 01 2.1 25.7
02 1.8 26.4

Other problems and resolutions

The exhaust and coolant lines for the generator in the basement generator
room, B28A, were leaking at the wall penetrations (Figure 7). The
contractor did not repair the leaks because they were to be addressed by
the Fort Drum Directorate of Public Works (DPW).
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The glycol line near the pumps for the building HVAC system leaked
(Figure 8) and was repaired by contractors not involved in the EOP
implementation.

During installation, it was further noted that water was leaking at two
columns, one in Electrical Room 1 and the other in Mechanical Room 2
(Figure 9). The water was entering from the upper stories. It was unclear if
the source of the water was condensation on the steel columns, a faulty
roof connection, or water entering through a crack in the masonry wall.
Resoultion of this problem was assigned to the Fort Drum DPW.

Figure 7. Exhaust and coolant lines through wall in Room B28A.
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Figure 8. Glychol on floor of Mechanical Room 2.

Figure 9. Water on steel column in Mechanical Room 2.
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2 Lessons Learned

Installing the EOP system in the SCIF presented several challenges. One
issue was that installation of the EOP cathodes required new wall and floor
penetrations. Many electrical devices that extend outside the perimeter of
the SCIF can potentially transmit information or be used as a source for
information gathering by hostile agents. A special waiver was granted by
the Defense Intelligence Agency (DIA) to install the cathodes. In order to
obtain the waiver it was necessary for ERDC-CERL show that the cathodes
would not send a signal into the surrounding soil and that the electrical
current produced by the EOP system could not be used as a source for hos-
tile operatives to gather information from inside the SCIF. Previous docu-
mentation submitted for EOP work performed in Korea was used to ac-
quire the waiver needed.

Another restriction on installing the EOP system in the SCIF dealt with
communications between the EOP control units. In order to coordinate
electrical pulses throughout the EOP system it is necessary for the control
units to communicate with each other, typically using a standard copper
communications cable. Because an unprotected copper communications
cable is not allowed to extend outside the SCIF, a one-way fiber optic ca-
pability was devised to enable the controllers to communicate without
creating a security vulnerability. Analysis of the installed EOP system indi-
cated that the EOP system inside the SCIF is completely independent of
that installed in the rest of the basement. Consequently, it was determined
that the controller communication into the SCIF would not be necessary.

One other challenge related to performance monitoring of the EOP system.
As a part of the monitoring, relative humidity/temperature (RH/T) sen-
sors with data loggers were placed at selected locations in the basement. In
addition, the control units have built-in data loggers to record voltages and
error logs in case there is a problem with the EOP system operation. Per-
mission was obtained to place an RH/T sensor under the raised floor of
the SCIF. However, special permission must be obtained from DIA to re-
trieve the data from the RH/T sensor and from the control unit data log-
gers.
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3 Technical Investigation

Problem

Water intrusion into the basement of Hays Hall has not only destroyed ex-
pensive electronic equipment, as noted previously, but also has caused
corrosion degradation of steel-reinforced concrete and structural steel
members. Four sump pumps were installed to prevent future flooding, but
the spring rains can still cause basement flooding to a depth up to 2 inches
above the raised floor. One of the pumps failed years before reaching its
service life, and the others are also expected to fail prematurely.

Moisture intrusion not only causes severe corrosion but also promotes
mold and bacteria growth, contributing to poor air quality and aggravating
allergies and respiratory problems in soldiers who work in confined spaces
of the basement. Half of the affected basement area is mission-critical be-
cause it houses the Division command and control center. The water intru-
sion problem can make the structure unsafe to occupy, particularly during
the spring thaw. Figure 10 shows corrosion of supports for the elevated
floor in the Division Tactical Operations Center. Figure 11 shows mold
growing in the same area.

Conventional concrete and masonry waterproofing treatments such as
trenching around a structure and installing a waterproofing membrane or
installing a membrane and drain are temporary measures, lasting only a
few years before repeated treatment or extensive maintenance is required.
Such measures are labor-intensive, time consuming, disruptive, and likely
to fail before long. In addition, such treatments do not address water in-
trusion through the floor. A more effective permanent solution to the Hays
Hall water intrusion problem was needed.
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Figure 10. Corrosion of elevated floor supports and frame.

Figure 11. Mold growth on walls under elevated floor.

Objective

The objective of this work was to design an EOP system for the basement
of Hays Hall, install it, and monitor its performance in preventing water
intrusion into the basement.
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Approach

The EOP design for the building was based on draft design guidance de-
veloped by ERDC-CERL engineers. The design and implementation will be
validated through periodic monitoring of the effectiveness of EOP in pre-
venting water intrusion into the basement.

Results

There has been no water intrusion observed in the basement of Hays Hall
since the EOP system was installed and activated. Appendix B shows plots
of the protimeter data obtained. Figure B1 shows the locations from which
the data were obtained. Overall, there was a rise in concrete surface mois-
ture during the 52 day period before activating the system. After activation
there was a decrease in surface moisture, with a few exceptions. More data
collection will better define the concrete moisture trends.

The goal of measuring of the voltage and current output for each zone at
the control units was to collect ongoing data that would indicate whether
the concrete was drying out. If the voltage and current are known, the re-
sistance in the concrete can be calculated using Ohm’s Law:

V=RI (1)

where V is the voltage applied to the zone, R is the sum of the resistances
of the conductor wires, the anodes, and the concrete, and I is the current.
Because the applied voltage and conductor lengths are constant, a change
in current directly indicates a change of resistance in the concrete. Wet
concrete readily conducts electric current. As the concrete dries out, the
resistance will increase and the current draw will decrease.

When the data collected by the data loggers for the zone control units were
downloaded and analyzed, it was discovered that the data were not relia-
ble. Those data were not recorded in correct sequence and much of the in-
formation was missing. Also, the readings were not recorded at the same
point in the pulse cycles over time. The control unit manufacturer is cur-
rently reprogramming the control unit to correct the problems.

The temperature and relative humidity sensor data were collected and
compared with the temperature, relative humidity, and rainfall data pro-
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vided by Fort Drum. Figure C1 shows where the sensors are located. Fig-
ures C2 — C8 show the sensor data.



ERDC/CERL TR-07-28 17

4 Metrics

EOP performance validation is based on monitoring the system’s effec-
tiveness as designed to prevent moisture intrusion in the basement. The
monitoring program addresses the following parameters:

e Periodic measurement of the surface moisture of the concrete at se-
lected locations in the basement. Figure B1 in Appendix B shows the
basement locations where the surface moisture measurements are tak-
en. The relative surface moisture is measured using a protimeter,
which measures electrical resistance between two probes in contact
with the concrete and converts the resistance to a moisture percentage
level. Measurements were taken before the EOP system was activated,
2 days after activation, and then every 42 days afterward. (Forty-two
days was the period selected because that is the memory capacity of the
control unit data loggers.)

+ Measurement of the voltage and current output for each zone at the
control units.

« Monitoring of relative humidity and temperature at selected locations
in the basement of Hays Hall. Figure C1 shows the locations of the sen-
sors. The temperature and humidity data are measured and recorded
on an internal data logger every 3 hours. From the data, dew point is
calculated. Local weather data are also being obtained from the Army
airfield on Fort Drum for comparison with the sensor data.
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5 Economic Summary

Projected ROI

Total funding for this work was $455,000. Of that total, $355,000 was ap-
plied to the installation contract and $100,000 was used for contract de-
velopment and oversight and performance monitoring. The projected re-
turn on investment (ROI) is 9.35. The assumptions and calculations are
summarized below.

Assumptions

Fort Drum paid $250,000 to install four sump pumps soon after building
construction. The estimated life of the pumps is about 10 years. However,
the DPW had to replace one pump at 6 years. Fort Drum pays $8,000 —
$10,000 per year for energy to run the pumps and the DPW must main-
tain the pumps at an estimated cost of $4,000 per year. Before installing
the pumps, water levels in the basement were reaching depths of up to 4
feet, and the installation had to replace computer and communications
equipment for the 10th Mountain Division valued at around $200,000, ac-
cording to the Chief of the Fort Drum Engineering Division. Even with the
sump pumps operating, water still floods portions of the basement occa-
sionally, particularly during spring. The cleanup and drying of equipment
as a result of water intrusion is estimated at $5,000 per year. A sickness
cost avoidance of $2,000 per month due to lost productivity and medical
surveillance and treatment is assumed. Associated with sickness avoidance
is a similar amount of cost avoidance for litigation and investigations.

Because one sump pump failed 2 years ago, it is assumed that the remain-
ing three pumps will need to be replaced within 1 or 2 years. The pump re-
placement cost is estimated to be $65,000 per unit. The expected service
life of each pump is about 8 years. It is assumed that existing floor cover-
ings require replacement every 5 years due to water damage at a cost of
$48,000 ($4.00/sq ft); and furniture and vending machines at a cost of
$8,000. It is also assumed that the raised floor will need to be replaced
every 15 years due to corrosion of the supports, at a cost of $320,000.

The EOP system will avoid the costs cited above by eliminating water in-
trusion through the walls and floors of the basement area, which will effec-
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tively eliminate the main sources of water. The following table summa-
rized the ROI calculation.

Table 2. ROI calculations for Hays Hall EOP system.




ERDC/CERL TR-07-28

20

6 Recommendation

It is recommended that the use of EOP technology be promoted as a solu-
tion to water intrusion in on-grade and below grade concrete military

buildings.
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7 Implementation

A contract was awarded in Fiscal Year 2006 to update existing U.S. Army
Corps of Engineers criteria and guidance documents to include, where ap-
propriate, specifications and instruction on implementing EOP technology
for prevention of the intrusion of water, and related corrosion, in build-
ings. Affected documents will include current Unified Facilities Guide Spe-
cifications (UFGS), Engineer Manuals, and Technical Manuals. Also in-
cluded in this effort will be a rewrite of a draft Engineer Instruction for
EOP and a new UFGS dedicated to EOP technology.
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8 Conclusion

After an electro-osmotic pulse system was installed and activated in the
basement of Hays Hall at Fort Drum, NY, the observable water intrusion
sources were eliminated.

The EOP system is performing as designed to stop and prevent water in-
trusion through the basement floors and walls.

In addition to keeping water from entering the basement, the system is ac-
tively reducing the concrete moisture and the relative humidity within the
basement.
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Hays Hall As-Built Drawings
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Figure A1. EOP construction phases.
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Figure A2. As-built drawing of EOP system installed in Hays Hall.
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Appendix B: EOP System Performance as
Indicated by Concrete Surface Moisture
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Figure B2. Plot of surface moisture vs time for Location 1.

Figure B3. Plot of surface moisture vs time for Location 2.
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Figure B4. Plot of surface moisture vs time for Location 3.

Figure B5. Plot of surface moisture vs time for Location 4.
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Figure B6. Plot of surface moisture vs time for Location 5.

Figure B7. Plot of surface moisture vs time for Location 6.
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Figure B8. Plot of surface moisture vs time for Location 7.

Figure B9. Plot of surface moisture vs time for Location 8.
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Figure B10. Plot of surface moisture vs time for Location 9.

Figure B11. Plot of surface moisture vs time for Location 10.
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Figure B12. Plot of surface moisture vs time for Location 11.

Figure B13. Plot of surface moisture vs time for Location 12.



ERDC/CERL TR-07-28

32

Figure B14. Plot of Surface moisture vs time for Location 13.

Figure B15. Plot of surface moisture vs time for Location 14.
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Figure B16. Plot of surface moisture vs time for Location 15.

Figure B17. Plot of surface moisture vs time for Location 16.
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Figure B18. Plot of surface moisture vs time for Location 17.

Figure B19. Plot of surface moisture vs time for Location 18.
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Figure B20. Plot of surface moisture vs time for Location 19.

Figure B21. Plot of surface moisture vs time for Location 20.
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Figure B22. Plot of surface moisture vs time for Location 21.

Figure B23. Plot of surface moisture vs time for Location 22.
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Figure B24. Plot of surface moisture vs time for Location 23.

Figure B25. Plot of surface moisture vs time for Location 24.
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Figure B26. Plot of surface moisture vs time for Location 25.

Figure B27. Plot of surface moisture vs time for Location 26.
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Figure B28. Plot of surface moisture vs time for Location 27.
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Appendix C: EOP System Performance as
Indicated by Temperature and Humidity Data
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Figure C1. Temperature and relative humidity sampling locations.
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Figure C2. Plot of temperature, relative humidity, and dew point vs time for Location 1.
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Figure C3.

Plot of temperature, relative humidity, and dew point vs time for Location 2.
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Figure C4. Plot of temperature, relative humidity, and dew point vs time for Location 3.
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Figure C5. Plot of temperature, relative humidity, and dew point vs time for Location 4.
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Figure C6. Plot of temperature, relative humidity, and dew point vs time for Location 5.
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Figure C7. Plot of temperature, relative humidity, and dew point vs time for Location 6.
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Figure C8. Plot of temperature, relative humidity, and dew point vs time for Location 7.
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Appendix D: EOP Product Data Sheets

Figure D1:. Page 1 of anode product data sheet.
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Figure D2. Page 2 of anode product data sheet.
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Figure D3. Floor grout product data sheet.
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Figure D4. Page 1 of polyurethane injection resin product data sheet.
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Figure D5. Page 2 of polyurethane injection resin product data sheet.
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Figure D6. Cathode product data sheet.
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Figure D7. Page 1 of joint filler product data sheet.
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Figure D8. Page 2 of joint filler product data sheet.
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Figure D9. Page 1 of exothermic weld device product data sheet.
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Figure D10. Page 2 of exothermic weld device product data sheet.
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Figure D11. Heat shrink tubing product data sheet.
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Figure D12. Electrical conductor wire product data sheet.
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Appendix E: EOP System Operation and
Maintenance Manual

Drytronie. ine.

Fort Drum EOP Installation Project
Task Order: 6014-DRYT-001
Prime Contract: FO9650-03-D001 Prime Order: 5014

OPERATION AND MAINTENANCE MANUAL

The EOP System should provide many years of trouble-free service with
very little maintenance. An EOP System consists of five main components:
anodes, cathodes, lead wires, connections, and Control Panels. Each
component has been carefully selected for durability and reliability.
Anodes, cathodes, and lead wires are expected to have a service life of over
100 years. We are very careful to protect all connections to prevent any po-
tential corrosion damage. The Control Panel presents the greatest risk of
failure and is therefore the focus of this Manual.

Service and Information

For all service questions or any information regarding the EOP System,
please contact the following individual:

Paul Femmer

President

OsmoTech, LLC

17295 Chesterfield Airport Road, Suite 200
Chesterfield, Missouri 63005

Toll Free: 1-800-OSMO0-030

Office: 1-636-733-7570

Cell: 1-636-346-7379

Email: pfemmer@osmotech.net
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General Information:
The DSP Automation “Control Panel” is a self-contained unit which con-
sists of (a) one Master Control Unit and (b) from 2 to 6 Slave Control

Modules. Each Slave Control Module is protected on the A/C input by
means of a circuit breaker. The D/C output is also protected internally.

Master Control Unit:

The Master Control Unit has LED light at the upper right hand corner of
the board.

The LED light is normally “green” in color, and will intermittently flash
“red” when communicating with the Slave Control Modules.

Slave Control Modules:

The Slave Control Modules have a led light at the upper right hand corner
of the board:

“Green” light indicates module in operation.

“Orange” light indicates a fault on the D/C has been encountered
and the unit is in the process of correcting the fault.

“Red” light indicates D/C fault and unit needs to be reset.

To reset Slave Control Module, turn off circuit breaker at the A/C input to
module, and then turn the module “on”. If red light stays on, module is
faulty and needs to be returned to OsmoTech for repairs. Contact Osmo-
Tech for a prepaid FedEx billing number, and express ship the module to
the OsmoTech office above.

Master-Slave Connection:

Each module is equipped with a mini 3P connector for making a local con-
nection with a laptop computer.
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Software:

One copy of the software is being supplied for use onsite. The software is
windows-compatible and self explanatory.

Please note that no adjustments are to be made using the software without
written approval from Drytronic Inc. and the Army Corp of Engineers.

The sole purpose of the issuance of the software is to monitor the real time
operating parameters of the equipment.

As the software is further developed, an updated version will be provided
to the owner at no extra cost.

Monitoring:

The units should be monitored monthly to insure that there is A/C input
and D/C output.

When other trades are to work in the basement of the P10000 Building,
they should be informed that the EOP System is installed. Careful atten-
tion must be taken when cutting, drilling and coring into the floor. Please
locate and mark for easy identification the anode and cathode wires which
may be in close proximity of the construction area. If a wire or anode were
to be accidentally cut, please contact OsmoTech immediately using the
above contact information.

Cut Sheets:

The catalog cut sheets (Appendix D) describe all the materials used in this
installation.
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