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ELECTRO-OSMOTIC PULSE SYSTEM TO CONTROL WATER

SEEPAGE IN BELOW GRADE CONCRETE STRUCTURES

2. Purpose:
This letter provides criteria for the design of electro-osmotic pulse systems to control water seepage in at and/or below grade concrete structures.  The enclosure to this letter is the electrical design of Electro-Osmotic Pulse systems.

3. Applicability:
This letter applies to all HQUSACE/OCE elements and all Major Subordinate Commands (MSC) and District Commands (DC) having Army military design and construction responsibility.

4. Discussion:
Below-ground concrete facilities such as basements, elevator shafts, and subways can sustain structural damage when they have chronic water seepage through the walls. At-grade concrete such as slab-on-grade floors are also susceptible to damage from water or moisture intrusion. The moisture causes steel reinforcement bars to corrode and the concrete to crack.  The high humidity also causes corrosion of any mechanical equipment in the area.  In addition, water seepage causes problems such as efflorescence and unacceptable air quality for occupants.  Traditional methods to correct water seepage involve using sealants or retiling.  When the seepage rates are very high, concrete sealants may not help.  In those cases, remediation involves costly excavation to place drainage tiles around the facility.  Electro-Osmotic Pulse (EOP) technology represents a promising alternative to conventional methods for preventing water seepage into facilities.  It uses electrodes, which are mortared directly into the concrete walls and/or floors.  The electrical pulse causes the water to move from the dry side toward the wet side against the direction of flow induced by the hydraulic gradient.  This prevents water penetration through the concrete.  The enclosed design procedures will assist in design using this technology.

5. Action to be taken:

6. Implementation:
ELECTRO-OSMOTIC PULSE SYSTEM TO CONTROL WATER

SEEPAGE IN BELOW GRADE CONCRETE STRUCTURES
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Electro-Osmotic Pulse System Design

1. Introduction

1.1. Belowground concrete structures such as basements, tunnels, and elevator shafts can sustain structural damage from chronic water seepage through walls and floors.  Traditional methods for correcting water seepage involve the application of sealants or costly excavation to place drainage tiles around the facility exterior.  Electro-Osmotic Pulse (EOP) technology represents a promising alternative.  The system consists of a positive (+) side component (or positive electrode) and a negative (-) side component (or negative electrode).  The positive component (positive electrode) is mortared directly into the concrete walls and/or floors, and the other (the negative side component) is placed in the surrounding soil.  A pulsing DC voltage is applied between the electrodes to produce an electric field in the walls, which moves water from the dry side of the walls toward the wet side, against the hydraulic gradient.

1.1.1. Dries up existing concrete structures at and/or below grade

1.1.2. Prevents water seepage into structures at and/or below grade

1.1.3. Prevents efflorescence, mineral deposits and chalking

1.1.4. Lowers interior relative humidity

1.1.5. Prevents corrosion of interior mechanical systems

1.1.6. Eliminates harmful bacteria
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In renovation applications, one big advantage that this technique has over conventional methods is that all the work is done from inside the structure.
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2.  Design of Electro-Osmotic Pulse Systems 

2.1. The following steps are involved in designing an electro-osmotic pulse system:

2.1.1. Collect data.

2.1.1.1. Design requirements must be established, and certain assumptions will necessarily be made.

2.1.1.2. History -Information from occupants in the area can indicate the severity of water intrusion problems.  Data on failures and failure rates of nearby structures can be invaluable and must be considered.

2.1.1.3. Drawings and Other Structure Information - Drawings of the structure to be treated and the area where it is or will be installed are needed to provide the physical dimensions of the structure for determining surface area to be treated, and the amount and location of any reinforcing steel and/or any other embedment(s) in the concrete to be treated.  Structural design and construction characteristics such as the presence expansion joints and control joints, honeycombing, membranes, coatings (both architectural and moisture barrier types), and sealers are also important in designing the EOP system.  The design mix of the concrete including the use of accelerators

2.1.2. Site Examination & Tests - Current requirement estimates to achieve effective dewatering must be prepared and moisture levels in the existing concrete must be measured (ref. Appendix A – “Moisture Level Measurement”).  Table is used for making this estimate after moisture level measurements are complete.

2.1.2.1. Life - Generally, the design of the EOP system will be based on a 25-year life span.

2.2. Impact of Coatings - Any previously applied coatings installed on outer walls the interior surface of the concrete such as waterproofing must also be evaluated.

2.3. Calculate current required for treatment of surface to be treated.

2.3.1. The overall current requirement of an electro-osmotic pulse system is determined by multiplying the surface area to be treated by the required current density.  The current density is obtained by measuring the moisture content in representative surfaces of the treatment area (ref. 2.1.2) and multiplying these areas by the current density requirements provided in Table II.

2.4. Determine Positive Electrode spacing requirement

2.4.1. Positive Electrode spacing is fundamentally dependent on moisture content levels in the concrete.  This moisture level is measured as referenced in Appendix “A” using the Proti-Meter or equal and must be measured when the concrete is at its most moist condition.  This moisture level is measured at the surface, at a depth of 1” and 3”.  If the reading so taken at all 1” and 3” depths are equal to or greater than 30% for all three levels, then electrodes runs must be spaced 3’ apart for the areas having this level or greater.  If the moisture content is of concern and treatment is desired but the readings at the 1” and 3” levels less than 30% at all three levels, then the spacing may be increased to 6’.  If the surface readings are substantially higher than the readings at the 1” to 3” levels, this is generally due to condensation from the air on to concrete surfaces whose surface temperature is below the dew point temperature and thus is not considered in the design.

2.5. Positive Electrode Operating Current Maximum Limits
2.5.1. The limit on operating currents for the positive electrode are expressed in terms of milli-amperes of current per square foot of electrode in contact with the cement mortar (electrode current density).  Given the use of PMO ceramic coated titanium electrode material, the minimum coating system has a projected life substantially in excess of all other system components is not a concern.
2.5.2. Conversely, the positive electrode current density can have a dramatic impact of the cement mortar grout place around the electrode if certain limits with respect to time are exceeded
Table 1 - Positive Electrode Operating Limits
	Operating Time
	Current Density on Positive Electrode
	Current Limit for 1/16” Diameter Wire Positive Electrode

	2 weeks
	400 ma/ft2 
	6.5 ma/lin. ft.

	6 months
	40 ma/ft2
	0.65 ma/lin. ft.

	life of sys
	20 ma/ft2
	0.33 ma/lin. ft.


2.6. Current Density Requirement on Concrete for Effective Moisture Removal

2.6.1. The maximum current density required is a function of the moisture content in the concrete.  Given the above electrode spacing limit and field experience, the maximum current density of concrete required per square foot of concrete surface is as follows:

Table 2 - Concrete Current Density Required for Effective Treatment
	Moisture Content (per Proti-Meter) at 1” & 3” depths*
	2 Weeks
	6 Months
	20 Years +

	Greater than 30%
	2.20 ma/ft2 concrete
	0.22 ma/ft2
	0.11 ma/ft2

	Less than 30%
	1.10 ma/ft2
	0.11 ma/ft2
	0.06 ma/ft2


*These values are generated by dividing the current density capacity of the 1/16” diameter wire current density limit per lineal foot of wire from the previous table by the maximum area of 3 square feet of concrete that 1 lineal foot of wire can treat (high moisture content) or 6 square feet. (moderately moist concrete).

2.7. Positive Electrode Type

2.7.1. Mixed Metal Oxide (Ceramic) Coated Titanium Positive Electrodes

2.7.1.1. Consists of electro-catalytic coatings applied by thermal decomposition to specially prepared titanium substrates.  The electro-catalytic coatings are formulated primarily of platinum group metals and appropriate binders.  The coatings are applied by spraying or dip coating aqueous salts of the metals onto an acid etch cleaned titanium substrate and heating to several hundred degrees Celsius.  Multiple layers of coating may be applied by this process to provide the desired final coating thickness.

· The resulting mixed metal oxide coating is:

· Highly conductive (10-3 (-cm to 10-6 (-cm resistivity)

· Crystalline (anhydrous)

· Corrosion and Acid resistant

· Hardness of 60

· High abrasion resistance

2.7.1.2. Precious metal oxide (ceramic) coated titanium or niobium wire anode material is available in a variety of configurations for optimization of specific current density and current distribution requirements.  It is a ceramic-metal multi-layer composite that is ductile, rugged and easy to use.  It consists of an ultra thin layer of an iridium-tantalum-titanium, mixed metal oxide ceramic deposited onto either a solid titanium core (STI version), a copper cored titanium interface (CTC) or a copper cored niobium-titanium interface (CNC version).  The latter has a niobium interface for other applications requiring the added high voltage capacity of niobium with respect to breakdown voltage characteristics that are not of concern in these applications.

2.7.1.3. The precious metal oxide anode coating is exceptionally durable in combination with the ductile commercially pure titanium substrate. It has been tested at current densities over 2000 amperes per square foot of anodic current discharge.  It is fabricated from primarily of precious metal and refractory metal oxides in sufficient quantities and ratios to provide a defined life expectancy.  Because the coating is already oxidized, it is not consumed when operating as the positive electrode in EOPS applications and is dimensionally stable.  This dimensional stability is a major advantage in that the resistance to earth does not incre ase with time as it does with other more consumable anodes such as HSCI or Graphite.  

2.7.1.4. In general, a 1/16” diameter, copper cored titanium wire positive electrode is used in EOP systems.

2.8. Negative Electrode

2.8.1. Type  -- The negative electrode normally receives electric current from positive ceramic coated titanium wire electrode.  This action normally provides corrosion mitigation for the negative electrode and therefore common metal materials can be used for this purpose.  The most commonly used electrode is the common copper clad steel ground rod, typically 5/8” diameter by 4’ long (minimum) which can be driven through a purpose made hole in either the structure wall or slab into the surrounding earth.

2.8.2. Installation -- A cavity is formed in the concrete surface through which the electrode is driven and the lead wire is exothermic welded or brazed to the rod prior to insertion.  This connection is then waterproofed with epoxy before insertion through the wall or slab.  After driving, the entire connection receives additional waterproofing by filling the cavity with epoxy.  The lead wire is then routed in slots which are later filled with cement mortar back to the appropriate junction box.

2.8.3. Number of Negative Electrodes

2.8.3.1. The number of electrodes is defined both by the need for uniform distribution of treatment current and maximum allowable circuit resistance.  The must be at least one negative electrode for each 50 lineal feet of positive electrode.  Additional negative electrodes may be required if the soil resistivity into which the negative electrode is inserted is unusually high.

2.8.3.2. Given that the resistivity of the concrete does not very greatly, the EOP circuit resistance will be primarily controlled by the presence of moisture in the concrete and the resistance to current flow through the soil to the negative electrode.  Since (1)the soil characteristics are controlled by nature, (2) the positive electrode configuration is controlled by other design factors, the only design variable for modifying the system circuit resistance is varying either the number or length of negative electrodes in contact with the earth exterior to the structure.

2.8.3.3. Normally, the number of electrodes is determined by installing one electrode at a time for each 50’ segment of positive electrode wire and measuring the AC impedance (resistance as measured by a Nilsson Model 400 meter or equal) between the two installed electrodes.  If this measured resistance is 100 ohms or less, than 1 electrode is sufficient for this 50’ segment.  If the positive electrode segment is only 25’ long, then a resistance of 200 ohms is acceptable.  If the total positive electrode length is 40’, the resistance can be up to 125 ohms and so on.
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Figure 1
2.8.3.4. If the resistance measured between the corresponding positive and negative electrodes is higher that the above allowable resistance, either additional negative electrodes must be installed or a greater length negative electrode must be used per positive electrode segment.

2.8.3.5. If the resistance measured between the positive and negative electrode is substantially lower than the desired resistance and therefore the current limit on the positive electrode is exceeded, some negative electrodes may be disconnected from the system or a lesser length negative electrode installed per positive electrode segment.

2.9. Electrode Lead Wires and Connection

2.9.1. Available Wire Types –All electrodes should be provided with stranded (7 strands minimum) annealed copper lead wires.  High Molecular Weight, Low Density Polyethylene (HMWPE) is the most popular anode lead wire insulation, however both Kynar/HMWPE and Halar/HMWPE dual extrusion insulations are available for more demanding situations where chlorides, oil or other harsh environments are involved.  Other cable insulations have been used including EPR/CSPE (ethylene propylene rubber/chloro-sulphonated polyethylene commonly called Hypalon) are available when suitable for the application.  It is important that the appropriate cable be engineered for the environment.

2.9.2. Positive Electrode Lead Wire Connections – All positive electrode to lead wire connections shall be made in junction box/test stations only.  No splices of the positive electrode to wire connections shall be permitted within the concrete or mortared slots.

2.9.3. Negative Electrode Lead Wire Connections – Negative electrode to lead wire splices must be moisture proofed using epoxy encapsultion.  

2.9.4.  Junction Box Electrode Connections - Connections within the junctions box must be made in a manner to assure their long term durability.  This is most commonly accomplished by the use of wire nuts or compression connectors.  All splices should be made to assure their electrical isolation from any other metallic components within the junction box and also the box itself.

2.9.5. Junction Box – Preferably, this box shall be of non-metallic construction having stainless steel fittings.  If metallic boxes are to be used, additional care must be taken to assure none of the metallic electrode and lead wire components come in contact with the box.  The box cover must be fitted with a waterproof gasket.

2.10. Electrode Backfill

2.10.1. The positive electrode backfill provides a compatible, ionically conductive environment which can be easily grouted in to place around the electrode assuring intimate contact to the surround cementations structure.  The most common backfill is ordinary Portland Cement Mortar grout.  It may have additives which make the mortar expansive upon cure to assure mechanical holding within the slot.  Caution must be used in the selection of these expansive agents to make sure they do NOT raise the electrical resistivity of the cement mortar.  Similarly, only cement mortar slurries should be brushed into the slots to serve as bonding agents.  Most synthetic bonding agents are non-conductive or at least highly resistant to the passage of electric current and should never be used.

2.10.2. Where the positive electrode wire is routed to the junction box in slots not intended as current discharge slots, the wire shall be covered with heat shrink tubing.

2.10.3. The PMO Titanium Wire is placed into the active electrode slot cut into the concrete and then the Portland cement mortar backfill is simply troweled or caulked into place around the wire.

2.11. Determining the number and length of positive electrode slots.  

2.11.1. Slab Positive Electrodes – For slab on or below grade applications, the positive electrode is placed in slots which are no more than 3 feet apart over the entire surface of the slab surfaces to be treated with the first and last slots within 3” of the perimeter of the slab to be treated.

2.11.2. Wall Positive Electrodes – For systems where the wall is the primary treatment surface, the first electrode slot is always placed within 3” of the floor slab along the entire wall length to be treated.  If high moisture levels exists to a height greater than 3’ above the floor slab, than additional slots will be needed at 3’ intervals in a horizontal slots.  If only moderate moisture levels exist from the 3’ level up,  then additional horizontal slots are only needed if this condition exists above a 5’ height in which case the second slot is provided at the six foot level.

2.11.3. Floor to Wall Junctures only – If the treatment area only involves an area defined as being within 2’ into the slab and up the wall from the floor-to-Wall Juncture, only one positive electrode slot is required which is placed within 3” of this juncture either on the wall or slab surface.

3. Prepare life cycle cost analysis

3.1. The life cycle cost analysis should be prepared according to the guidelines given in TM 5-802-1 (reference 9).  Another source of information on performing life cycle cost analyses is NACE RP-02-72 (reference 21).  The choice of a particular electrode type and configuration for design calculation is somewhat arbitrary.  The economics may dictate switching to a different design configuration and repeating the applicable design steps.

4. Prepare plans and specifications.

4.1. Prepare plans that show the treated structure, locations of the power source, the EOP control unit, the electrodes, the negative side components, wire routing, junction boxes, wire color coding, and other pertinent information.  Prepare a one-line diagram to show the entire system, including wire sizes, electrode type(s), power circuit, power circuit protection, and source of power.  Prepare specifications to describe required features of the system components.

5. References

SECTION 2
EXAMPLES OF ELECTRO-OSMOTIC SYSTEM DESIGN

2-1. Ft. Monmouth Bldg. 1208
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2-2. 
Aberdeen Proving Grounds



2-3. US Dept. of Treasury Building





2-4. Typical Installation Designs


SECTION 4: CRACK REPAIR IN CONJUNCTION WITH EOP


To explain the crack repairs and injection procedures that are done in conjunction with EOP, the capabilities and inabilities of the EOP system must first be understood.  The perfect environment for the installation of EOP is saturated concrete; i.e.,

· concrete that paints and sealers will not stick to

· concrete that is cool and damp to the touch

· concrete that has calcification and/or mold buildup on its surface

· concrete that sweats or has beads of moisture on the surface 

Because most waterproofing needs are in areas that have flowing water for one or all of the previous reasons, the proper environment must be created for the EOP system to perform properly.  To accomplish access must be available to perform all required repairs and conditions in a manner that is compatible with the EOP system and which will create the correct operating environment for EOP.


Crack Repair -- There are many different types of cracks that need to be addressed.  There are settling cracks that are caused by movement after the concrete has cured.  In most cases, these are narrower cracks that are not going to experience a lot of movement.  When this is the case, the crack is usually injected with a hydrophilic grout because the lower viscosity will penetrate the crack better.  When the cracks are larger and there is a need to fill a significantly greater  volume, a hydrophobic grout is more generally used, but both grouts are generally applicable.  

There are cracks that are caused by design; i.e., control joints and expansion joints.  These cracks must be treated in a way that will allow for continued movement even after the repair is completed.  In most cases, a flexible epoxy is used in these areas.  Epoxy can only be applied in dry areas, however, once it has cured, it has great adhesion capabilities and will allow for continued movement in the cracks.  When conductivity is a concern, we will add conductive materials to the epoxy repairs.

There are also cracks that are not caused by movement; i.e., curing cracks or damages.  These cracks do not always leak but will occasionally allow moisture penetration.  In most cases, we will chisel away some surface area immediately around the crack and repaired with hydraulic cement.  

Voids in walls are usually the result of poor placement procedures when the concrete was poured initially.  If these voids are not too large and in confined areas, the bad sections of concrete are chipped out and replaced with hydraulic cement.  If the voids are just porous concrete and extend along or through the wall, these areas are injected with a hydrophilic grout.  Another type of void is created by design such as with concrete block walls.  When installing EOP in a concrete block structure, all voids and cavities in the blocks must first be filled.  This is accomplished by filling the blocks with a pumpable concrete grout. 


Openings in walls are almost always created by design; i.e., chases or conduits.  When repairing an abandoned chase, the opening is filled with a concrete material – either brick or cement – and then the crack where the patch abuts the existing cement is injected with the thin hydrophilic grout.  There are two kinds of conduits, active or inactive.  An inactive or abandoned conduit is filled with activated Oakum and sealed over with hydraulic cement.  An active conduit, or one with wires running through it, is a difficult repair.  We will usually seal the pipe with activated Oakum.  The life expectancy of this repair is somewhat short-term compared to the other repairs, however, it is the only way to allow for future use of the conduit such as adding wires or repairing existing ones.

Section 5: Moisture Problems Checklist

	Place & Date
	

	Customer
	

	Address
	

	Point of contact
	

	Phone
	

	Fax
	

	Address of object
	

	Project No.
	


CONSTRUCTION
	Age of structure
	

	Size of structure
	

	Foundation
	

	External walls
	

	Internal walls
	

	Floors
	

	Cracks/holes?
	

	Reason?
	

	Salt appearance?
	

	Fungus?
	

	Odor?
	

	Rotten Materials?
	

	Ventilation?
	


CONDITION OF SOIL & TOPOGRAPHY
	Soil
	

	Excavation?
	

	Back filling?
	

	Water table?
	

	pH-level
	

	Topography
	

	Drain pipes
	


MOISTURE
	When discovered
	

	Greater during Spring?
	

	Greater when heavy rain?
	

	Location of moisture
	

	Standing water on floors?
	


MOISTURE READINGS
	Moisture level (in RH)
	

	Moisture level (Protimeter)
	

	1’ on the wall
	1”                                                 3”

	3’ on the wall
	1”                                                 3”

	In the floor
	1”                                                 3”

	RH in room
	

	Temperature in room
	

	Temperature, construction
	

	Dew point
	

	Temperature, outside
	

	RH outside
	

	Condensation?
	

	Moisture level in wood
	

	Located where?
	


GENERAL INFORMATION
	Other buildings with same problems?
	

	Present use of area
	

	Future use of area
	

	Inside drain?
	

	Location of EOP unit
	

	110V available?
	

	Building ground
	

	Drawings of construction?
	

	Pictures of object?
	

	Other information:
	


SOLUTIONS
	Source of problems
	

	More info. Necessary?
	

	The best possible solution
	


PERSONS REPRESENTED AT INSPECTION
	For Drytronic Inc.
	

	Name
	

	Title
	

	Phone
	

	FAX
	


PERSONS REPRESENTED AT INSPECTION
	For customer
	

	Name
	

	Title
	

	Phone
	

	FAX
	

	Project
	





Negative Electrode





Positive Electrode


























Figure 1-1: Electro-Osmotic Pulse waveform and Movement of Water through Concrete























Figure 2-1a:  Fort Monmouth EOP Installation





Figure 2-1b:  Fort Monmouth EOP Installation (cont.)





Figure 2-2:  Aberdeen EOP Installation 





Figure 2-3a:  US Dept of Treasury EOP Installation





Figure 2-3b:  US Dept of Treasury EOP Installation





Figure 2-4a: Electro-Osmotic Pulse System Installation Cut Away View (typical)





Figure 2-4b: Cathode Floor Installation Detail (typical)





Figure 2-4d: Electro-Osmotic Pulse Electrical Connections (typical)





Figure 2-4c: Circuit Detail (typical)
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