Disaster Recovery

Clean-up, First Aid, Analysis and Reconstruction Guidelines For Your Storm-Damaged Home

by MyronKatz@cox.net

A water-damaged home or one prone to such damage needs special care to safely and effectively 

I. Remove health hazards.
II. Protect the home from consequential or probable destructive effects of the original, storm-related water damage. 

III. Take special steps, while the walls are open, to inspect and repair the home for defects associated with previously unknown or un-repaired destruction, age-related decay or degradation or errors in construction. 
IV. Make and implement a reconstruction plan which improves the home and makes it more resilent to avoid future destructive problems and high recurring costs.

V. Provide for mold, moisture, home inspection and energy consulting certificates that properly confirm to insurance companies, mortgage companies and the next homeowner that timely steps were taken to protect the home against past, recent, and foreseeable or future moisture-related and avoidable damage.

VI. Take advantage of recent code changes, tax incentives, flood regulations and improvements in building science and product technologies to maximize the reconstruction opportunity.

DETAILS:

I.

Remove health hazards.  


HEALTH HAZARDS:
For homes that were wetted by rainwater, the primary concern is mold.  When the intruding water was limited to rainwater, mold is pretty much the entire health problem.  This is typically the situation when the home does not get flooded at all but has water intrusion solely because of failed roofs, walls or windows.  
Following Hurricane Katrina, in some parishes, notably East Jefferson, the water which accompanied street-flooding was mostly rainwater and was drained from the streets in a few days.  When, as in that case, flood-water had small contributions of seawater and sewerage, mold is not the only health-related concern.  However, the majority of the most severely flood-damaged homes were in Orleans and St Bernard Parishes and were contaminated by flood waters that also contained toxic minerals and chemicals; moreover, these homes took much more water and for many weeks instead of a just few days.  Thus, for this reason alone, your response to your home must be specialized to some extent.

Protecting your health is also a neighborhood and community problem.  This is particularly the case when your neighbors’ cleanup activities, infrequent rains, high outside temperature and humidity, coupled with slow governmental waste-removal practices can, collectively, cause excessive increases of biological, mineral and chemical pollutants into the air in your neighborhood.  In these cases, you should take extra precautions as well.

Mold and its Associated Health Risks
The key to avoid further mold infestation is avoiding moisture concentrations in your home.

Mold growth begins on saturated surfaces within a few days and continues spreading until curbed by drying or the application of a fungicide.  To avoid associated health risks, mold should be removed as soon as possible.  Precede mold remediation by photographing all damage thoroughly as documentation for your insurance company, but do not delay cleaning and drying.  Although most homeowner’s policies do not cover mold cleanup it may be covered by flood insurance.  

Most people are largely insensitive to most molds and their by-products.  However, in a tiny minority of the population, mold sensitivity may range from mild to severe allergic responses to respiratory and immune system problems, and can even be a catalyst in causing death; this is particularly the case in the most vulnerable populations: like children and the elderly, but can even include otherwise healthy adults who receive prolonged exposures.  

Mold removal can be done on a do-it-yourself basis or by a contractor who is also a licensed mold specialist.  Oftentimes, written verification that mold has been completely removed is required by insurance companies and for litigation purposes.  A licensed mold specialist will be able to provide this whether or not they perform the work itself.  However, testing for mold is seldom useful.  It is critical that whoever removes the mold exercises proper precautions and wears appropriate protective gear: the more exposure, the more the need for protection.  

The following is a good list of guidelines.

Mold Removal Procedure

For more information, see:

1.  A Brief Guide to Mold, Moisture, and Your Home and Mold Remediation in Schools and Commercial Buildings, www.epa.gov/mold
2.  Mold Prevention Strategies and Possible Health Effects in the Aftermath of Hurricanes Katrina and Rita, www.bt.cdc.gov/disasters/mold/report/

3.  Storm Recovery Guide for Homeowners and Cleaning Your Flood Damaged Home, www.lsuagcenter.com
1.  Wear the Proper Protective Equipment

To avoid breathing in mold spores and other types of contact, wear gloves, goggles, and, at the minimum, a mask at N-95 or higher.  A full-face mask with HEPA filter is recommended for those having extensive or repeated exposure and often runs over $100; such equipment is not commonly available locally and are easiest to obtain from a few local, industrial equipment vendors or accessible via online purchase.

2. Immobilize and then Kill immobilized active infestations of mold
Disturbing mold colonies during cleanup can cause a huge release of spores into the air, greatly increasing the health hazard. “Mold counts in air are typically 10 to 1,000 times higher than background levels during the cleaning and removal of mold-damaged materials.” (any quote needs a footnote somewhere.)  For this reason, biocides should be applied before mold infested materials are disturbed or any drying begins.  The best biocides are ones that kill or encapsulate mold spores in place and do not tend to encourage the release of spores into the air.  Bleach is not capable of doing this job; but hydrogen peroxide as well as various commercially available products such as KwiKleanTM can do this.  Most experts recommend a mild detergent solution, but only for small jobs, i.e., less than 10 sq ft.  Therefore, for large decontamination jobs, like commonly found in any flooded home in Orleans Parish, killing and immobilization does not include cleaning.

3. Until Mold is killed or removed, Isolate and Seal Work Area

After immobilizing the mold spores that are easily accessible, seal off the moldy areas from the rest of the house.  Don’t run the central heating or cooling system during cleanup wait until you get to the drying step.  Tape plastic over air grilles, and drape plastic in the stairwell if the second story is dry and clean.  Ventilation to outside is not recommended for three reasons: 1. during most of the immediate months following the storm and much of the following winter months, the outside air is too hot and humid to encourage its entry into the home. 2. exhausting mold-infested air into an urban neighborhood will compromise the health of your neighbors.  And finally, 3. whether fan-powered or natural, ventilation of a home will cause mold spores released in the infested areas of the home to more easily migrate to uninfested areas.  

4. Remove Materials that May Contain Mold or Impede Drying  

Place moldy or sewage-contaminated or wet and porous materials in plastic bags and discard. To contain mold spores, cover materials with plastic sheeting prior to removal. 

All flood contaminated carpeting, upholstery, fabrics and mattresses should be discarded.  Attempts can be made to save materials that seem in good enough condition to be salvageable by washing or dry cleaning with disinfectant and allowing them to dry thoroughly outside the home.  This is not the case with flood-contaminated padding.  Valuable documents can be stored in a manner that stops further mold damage by encapsulating them into 2 gallon plastic bags and placing in a refrigerator.  Drying can be safely accomplished by placing carefully laid-out single sheets of paper on a clean wooden surface in full sunlight and covering this with transparent plastic.  After a few hours, the document will be dry and sterilized.

Because it is too difficult to dry out and may allow the growth of mold and fungi in walls, remove all wet insulation.  High-borate content cellulose may be the exception since it is normally installed wet and its borate compounds protect the home against mold even under very high moisture conditions. 

Remove all paper-faced, or porous wall or ceiling coverings that have been saturated.  This includes sheetrock (gypsum board), processed wood, and any paper materials.  However, plaster, high-quality real wood paneling, and non-paper containing wall boards, if in good shape, can often be cleaned and dried in place and without removal.  Keep in mind that residual mold spores can still be released by these materials.  

Some wall or floor surfaces should be removed even though they may not have been damaged nor are they susceptible to future moisture related damage.  This is because they may impede drying of structural components like framing and sub-floors.  Make the decision to remove these layers when you see that drying is taking too long.  Don’t be surprised that you will eventually need to remove vinyl wallpaper, vinyl flooring, ceramic tile and other vapor-impermeable coverings of wet materials.  Solid wood flooring may be the exception.  (See details in later section.) Solid wood flooring installed on a wooden sub-floor may dry out fast enough to avoid lingering fungal infestation in itself and the sub-floor and may contract back to within 99% of its original, pre-soaked shape.  But, when seawater is in too high a concentration in the flood waters, the nails may be too compromised to be relied upon.

Some solid wood materials can be expected to take too long to dry and thus need special help.  These include sole plates and any wood in contact with saturated brick or concrete.  If possible, insert a moisture impermeable membrane between the wood and masonry.  If this is not possible, immediately treat with a borate containing biocide.  Focus your subsequent drying activities in these areas.
Make concerted efforts to push for expedited removal of mold-infested waste away from your urban neighborhood.  If this is not done within a ½ week of the removal from your home to the curb, take on the “PUBLIC CITIZEN” job of pushing the powers that be to make this happen ASAP!  If more than one week passes, pay for private services to remove this waste to a safe dumpsite removed from an urban center; if this is not possible, accept responsibility and completely encapsulate all of your refuge in sealed garbage bags.
4. Proper Cleaning and Disinfecting

Almost any mild detergent solution can do this job, but some commercial products are particular well suited; e.g., KwiKleanTM cleans and disinfects in one step.

Non-porous materials (hard plastic, concrete, solid wood, metal, glass) can be cleaned of mold using almost any common cleaning approach.  Use non-phosphate cleansers because phosphate is mold food.  When rinsing, avoid pressure washing because this can greatly slow-down drying.

Be diligent and remove all mold to avoid possible health effects from dead spores. 

Disinfectant should then be applied, particularly with sewage exposure.  An effective disinfectant for materials other than metal and color fast fabrics includes a chlorine bleach solution (1/2 to 1 cup per gallon).  However, do not use this mixture in the air conditioning system.  More gentle disinfectants include hydrogen peroxide (very effective) and alcohol or phenolics.  If consumer disinfectants are used, follow directions, keeping in mind that re-growth can occur.  Make sure that ammonia and bleach are never mixed.

After cleaning, finish the cleaning job with a HEPA vacuum to collect mold spores that you may have missed.  Only such a filter is capable of capturing mold spores.

If the HVAC duct system is compromised with mold, professional duct cleaning may be necessary.  Expect to replace flex duct, seal fiberboard insulated plenums but metal ducts and evaporator coils can often be cleaned without removal or replacement.

If mold or moldy smells persist in your home or its contents, very high concentrations of ozone can be used as a final knock-out punch.  This treatment has no residual protection nor can it penetrate even a piece of paper, but it can kill and detoxify mold and their by products.  Since ozone is extremely toxic, it should only be used while the home is unoccupied and will be unoccupied for the one and one half days following treatment.

5. Borate Treatment: 

Apply a borate treatment to all exposed wood as well as framing and sub-floors to provide resistance to termites, decay and mold.  THIS IS INDISPENSIBLE.  Other fungicides may also help inhibit mold regrowth during drying; however, the best products should also provide long lasting protection against mold and termites.  Do NOT apply sealants to wood. 

6. Airing Out Area 

After cleaning and disinfecting, air out the building with fresh and clean air.  This is not a job for your air conditioning or heating equipment.  Instead place fans in strategic places including windows.  However, this step may be unadvisable if your neighbors have not been as diligent as we hope you have been.  Since most neighborhoods have been compromised by untreated homes, mold infested open crawlspaces and other neighbors’ refuge, you may find your home’s inside air cleaner than outside, if that is the case, you’ll want to skip this step.
7. Drying Quickly
Dry all wet materials as quickly as possible. Close windows and employ air conditioning or heating, fans and a dehumidifier, if possible. If there is no power, keep windows open.  Drying requires a difference in temperature between the wood to be dried and the air flow to outside which will take away the moisture; air flow without a heat flow is almost totally ineffective, however a heat flow without the use of fans will probably work ok since most homes are so leaky.  This means that cooling in the summer or heating in the winter is far more important to drying than using fans.  Since the near surface ground temperature in New Orleans stays above 70 degrees in the winter, floors in good thermal contact with it will dry faster than those more isolated from the ground via ventilation ― this means that ventilating a crawlspace can actually slow down drying in the winter.

8. Be Vigilant
Keep checking for moisture and new mold growth, particularly if materials are still wet.  If necessary, repeat cleaning and drying steps, using moisture meters to monitor drying progress.  If mold continues to return, material may eventually have to be removed and replaced.  

Look for diagnostically significant moisture readings below windows, near bathrooms, HVAC equipment, where wood contacts masonry, and at exterior walls.  Even though such readings may be below 19% moisture content, they may not be consistent throughout the home.  When fluctuations are present, look for the causes; almost invariably, you will find some uncovered defects in the home; using this approach you can expect to find remnants of leaks, failures and decay.

9. Do Not Rebuild Until Drying is Complete 

Wood moisture content should be less than 20%.  Employ a moisture meter to confirm.  

OUTSIDE MOLD
www.nrdc.org/health/effects/katrinadata/mold.asp
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HEALTH PROBLEMS BEYOND MOLD:
New Orleans Area Environmental Quality Test Results 

http://www.nrdc.org/health/effects/katrinadata/sediment.asp

“Arsenic
The levels of arsenic in all of the independent samples collected by NRDC and others would trigger soil remediation in residential areas, according to the Region 6 EPA guidelines. The average level of arsenic found in our testing in Orleans Parish was 12.2 milligrams per kilogram (mg/kg) of soil. This is more than 31 times higher than the Region 6 EPA soil cleanup level for residential areas, which is set at 0.39 mg/kg to protect against cancer. The highest arsenic level in our samples -- nearly 20 mg/kg -- was in the Marlyville/Fountainebleau neighborhood of Uptown/Carrollton, near Gert Town. The lowest arsenic level in our urban samples -- slightly over 4 mg/kg -- was in the St. Bernard Development Housing Project in the Gentilly neighborhood; the arsenic level was lower (1.7 mg/kg) at the site NRDC sampled in Oakville, Plaquemines Parish.

…

“Pesticides 
NRDC's testing detected elevated levels of several pesticides next to an abandoned industrial facility known as the Thompson-Hayward facility. This facility, located on Earhart Boulevard in a residential neighborhood (the facility is in Gert Town at the border of the Marlyville/Fountainebleau neighborhood), once housed a pesticide-blending company. It has been vacant for years. One of NRDC's samples, collected outside the fence at the western corner of the Thompson-Hayward facility, near some homes, revealed high levels of a variety of banned pesticides. The level of DDT and one of its breakdown products exceeded the Region 6 EPA soil cleanup levels by approximately twofold. Two other organochlorine pesticides, dieldrin and heptachlor epoxide (a breakdown product of heptachlor) were also found at levels significantly above the cleanup levels. In fact, the dieldrin level was nearly sevenfold higher than the regulatory cleanup level. All of these pesticides have been banned in the United States for more than 25 years, and they are now also banned worldwide by international treaty because of their serious toxicity and environmental persistence.
…

“Petroleum Products: Polyaromatic Hydrocarbons and Diesel Fuel
The independent testing by NRDC and others revealed high levels of polyaromatic hydrocarbons (PAHs) at one site in New Orleans. PAHs are cancer-causing chemicals from soot and petroleum-based products. At the Agriculture Street Landfill Superfund site in the Bywater neighborhood, leachate was visibly leaking from the site and spreading across the street and onto the grounds of the local senior citizens' center. Testing of this oily-appearing leachate revealed seriously elevated levels of PAHs. The sediment sample collected by Wilma Subra of Subra Company at Higgins Boulevard and St. Ferdinand Street demonstrated contamination that exceeded the Region 6 EPA and LDEQ soil cleanup standards for four PAHs. The level of benzo(a)anthracene exceeded the EPA and LDEQ standards by 50 percent, the benzo(a)fluoranthene contamination exceeded the agency standards by twofold, while the benzo(a)pyrene contamination exceeded the LDEQ standard by threefold, and the EPA standard by nearly twentyfold. These contaminants are likely due to the leachate from the landfill.
…

“Other Contaminants
The independent soil sampling revealed a variety of other contaminants, including metals such as lead, cadmium, chromium and mercury; various pesticides; and chemicals known as phthalates, which are used in plastics as a softener. The lead level in one sediment sample taken on Treme Street was more than double the EPA Region 6 soil cleanup level. The EPA took a sediment sample in that same area, at Treme and St. Phillip, and found similarly high lead levels. These sampling results indicate a lead contamination problem in this area that requires immediate cleanup.
Many of the samples contained phthalates, particularly bis(2-ethylhexyl) phthalate (DEHP). Although the concentrations found in the sediment did not exceed EPA or LDEQ soil cleanup levels, these regulatory cleanup levels are not considered to be sufficiently health-protective. Recent scientific studies have found that DEHP has significant adverse effects on hormones, and can interfere with the normal development of the male reproductive system. Soil standards based on this new science have not yet been developed.
…

“What People Can Do to Protect Themselves 
Government agencies must clean up the contaminated sediment in every neighborhood as soon as possible so that people can safely move back into their homes. People entering their neighborhoods before the appropriate cleanup has been completed should also take precautions described below. Sediment is potentially contaminated in all flooded areas, so this advice applies to people re-entering any neighborhood that was flooded.
· Avoid direct contact with the sediment. Touching sediment with bare hands, getting it into your mouth or eyes, or breathing the dust could be hazardous.

· Wear protective clothing, such as Tyvek suits or coveralls, covers for boots and shoes, vinyl or nitrile gloves, and respirators (such as N95 masks). This protective equipment can be purchased at most hardware and home-improvement stores and is fairly inexpensive. 

· When you are finished with any work that puts you in contact with sediment -- either indoors or outdoors -- immediately discard your Tyvek suit, gloves and boot covers. These are single-use items. Do not wear them in your car or bring them home. A respirator, however, can be re-used if the interior is kept clean. 

· If you have asthma, other respiratory or cardiac conditions, or immune system problems, you would be safer staying out of flooded areas, due to the mold, particles, and sediment that are in the air.

· Do not bring young children into flooded areas, where they might touch sediment and put their fingers in their mouths.”

II. Protect the home from consequential or probable destructive effects of the original, storm-related water damage.  

http://ohioline.osu.edu/hyg-fact/3000/3300.html
“Identification

There are two main classes of wood rot. In one type, the decayed area has a brown discoloration and a crumbly appearance. It usually breaks up into variously-sized cubes, giving rise to the name "brown cubical rot." Another type of rot results in a white or yellow discoloration, with the decayed wood being "stringy" or "spongy." 
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Although many decay fungi may grow for long periods without producing any external evidence of their presence, others produce "fruiting bodies" on the surface of decaying wood. Fruiting bodies are usually "crusts" or shelflike "brackets" which are a few inches or so in diameter. The fruiting body of Serpula lacrimans, e.g., is a rust-brown, crust-like structure on the wood surface. It has a waxy appearance, with shallow, net-like folds or "wrinkles." The fruiting body of Poria incrassata is also crust-like. It is white to light buff when initially formed, but becomes brown as it ages and dries out. Small pores can be seen in the crust when it is examined with a hand lens. Gleophyllum trabeum forms bracket-like fruiting bodies. The upper surface of the fruiting body is dull gray-brown and smooth. The lower surface has elongate openings (pores) or split-like openings (gills). These fruiting bodies produce millions of tiny spores which may, in some cases, serve to spread the decay fungus to other areas. 

Also, surface molds, "mildews," and stain fungi are often found growing on the surface of damp wood and can be confused with decay fungi. Although these organisms may discolor the wood, they do not break down wood fibers and thus do not weaken its structure. However, these organisms indicate that moisture is present and that decay will likely proceed if a wood-rotting fungus becomes established in the wood. 

Life Cycle & Habits

Decay fungi are living organisms which send minute threads called "hyphae" through damp wood, taking their food from the wood as they grow. Gradually, the wood is decomposed and its strength is lost. Such damage is often inconspicuous until its final stages, and in a few instances homeowners have suddenly found floors breaking through or doors falling from their hinges due to wood rot. When previously dry wood is placed in contact with moist soil, or in a location where it is subject to condensation (such as unventilated crawl space), it is likely that wood decay problems will occur. Rain leaks, faulty plumbing and leaky downspouts also are common sources of moisture. In some instances, water can be transported to the site of decay through strands or "rhizomorphs" of the decay fungi. Water-transporting strands may extend for thirty or more feet across brick, concrete or similar materials. The wood decay fungus, Serpula lacrimans, has been known to transport water up three stories to an area where decay is occurring. Poria incrassata is also capable of transporting water long distances. However, these fungi are exceptions to the rule. Most wood-rotting fungi must have a direct supply of water at the site of decay. Thus the term "dry-rot," sometimes applied to decay in wood structures, is erroneous.”
http://www.durable-wood.com/pdfs/biodeterioration.pdf
“3.1.3 Wood-Rotting Basidiomycetes

These are the fungi which cause most of the damage found in buildings.  …

The term wood-rotting basidiomycetes (WRB for short), although cumbersome, is at least precise.  …

4 Microbial Biodeterioration Processes

Of all the organisms which use wood as a food

source, the most important, in the temperate regions, are the wood-rotting basidiomycetes. In structural softwoods, the brown-rot fungi are particularly important. Wood that is recognisably rotten is the product of a sequence of events with the participation of a succession of microorganisms.

4.1 The Colonisation Sequence Leading to Decay

Although they can decay fresh, previously sterile wood, WRB are commonly prevented from colonising by competition from a sequence of organisms, including: bacteria, mould fungi, staining fungi and soft-rot fungi. This sequence can take weeks or months to complete, depending on the conditions prevailing in the wood. As discussed above, the bacteria, mould fungi and staining fungi live on non-structural components of the wood and can not break down lignocellulose. They are, however, adapted to rapidly colonising and exploiting readily digestible carbohydrates, lipids and proteins in sapwood. To prevent other fungi from competing with them, many fungi produce antibiotics. When the bacteria, moulds and staining fungi have used up all the nonstructural components, they stop growing and the soft-rot fungi and WRB can take over. The wood-rotting fungi can compete at this stage because the only remaining carbon source is  lignocellulose and only they can use it. Unless the WRB are excluded by unfavourable conditions, such as high moisture content or wood preservative, they will out compete the soft-rot fungi. (Note: most of the research on the colonisation sequence has been done on sapwood. Heartwood which has relatively little readily digestible component and some natural toxins may have a different sequence) If wood becomes stained and stays at the right moisture content, it will almost certainly be colonised by wood-rotting fungi some time later.

It is difficult to predict how long this stage will take. It depends on the chances of a WRB arriving on the wood when the wood is in the right conditions for colonisation and also on the ability of the WRB to compete with the fungi already present. The cellar fungus, Coniophora puteana is one of the most aggressive in overcoming the resistance of the mould and staining fungi. Gloeophyllum sepiarium, the most common decayer of millwork and decking, is relatively weak. In the absence of experimental data, we must assume that colonisation and decay processes start where they left off when lumber is dried and re-wetted. It is also safest to assume that the colonisation sequence does not start from scratch when lumber that has suffered blue-stain prior to kiln drying is re-wetted. 

4.2 Conditions Required for Decay

Wood-rotting fungi have the same basic needs as other organisms: a food source, an equable temperature, oxygen and water. As discussed above, the wood provides almost everything a fungus or insect needs for food. However, the heartwood of some species is less susceptible than others. Furthermore, wood can be made non susceptible to decay through chemical treatment. The temperatures that we regard as ideal for comfort are also perfect for the growth of wood-rotting fungi (Figure 7). Such fungi do commonly lie between 20 C and 30 C. A few WRB grow fastest at 34 - 36 C and these are typically the species (Gloeophyllum species) that are dominant on exterior wood products exposed to sunlight. All WRB are stopped by temperatures higher than 46 C but they may not be killed until the temperature reaches 60 C. As with many biological systems, a ten degree drop in temperature results in a halving of the growth rate. Growth and decay does not cease until the temperature is very close to 0 C.
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Oxygen is ubiquitous and is not normally a limiting factor. Painting or otherwise sealing the wood surface will not exclude oxygen from the wood. Although decay is an oxidative process, WRB are relatively tolerant of low oxygen levels. A normal atmosphere contains 21% oxygen and reduction in growth of WRB does not occur until the concentration drops below 1 - 2%. When buried in anaerobic lake sediments, wood is not attacked by WRB or soft-rot fungi, but it can still be degraded very slowly by some bacteria.

Water is the key limiting factor in decay of wood in structures and, in temperate climates, moisture control is key to the durability of wood systems (Table 2). While some moulds can colonise wood at moisture contents between 15 and 20% little or no sporulation occurs. Most moulds require moisture contents above 20% for growth and sporulation. Infection by spores of WRB probably does not occur at wood moisture contents below about 29%. At typical interior temperatures, this corresponds to a relative humidity (RH) around 96%. In order to germinate, spores need to absorb moisture  from the wood and below the fibre saturation point, the wood exerts too much suction on the water. The mycelium and mycelial cords of WRB can colonise wood below the fibre saturation point, possibly down to 20% mc, provided they are growing from a substrate at a higher moisture content. Certain WRB, such as the true dry rot fungus, are capable of transporting water through mycelial cords over inert surfaces and depositing it into dry wood.  The true dry rot fungus (Serpula lacrymans) is very rare in Western North America but common in the East and in Europe. It shows a distinct preference for wood in contact with bricks and mortar. In Western North America there is another water- conducting fungus (Meruliporia incrassata) with more limited capabilities.

Once WRB are established, the optimum moisture contents for decay of wood lie between 40 and 80% mc. The upper limits vary between 100 and 250% mc depending on the wood density. Once water fills more than 80% of the space in the wood, diffusion of gas is slowed to the point that CO builds up to may stop growing under these conditions but they are not necessarily killed. 

Once WRB are established, the minimum moisture content for decay to proceed is around 22 - 24%, so 20% is frequently quoted as a maximum safe moisture content for wood. The National Building Code requires the moisture content of wood to be below 19% when the building is closed in. Drying the wood  to below 15% will stop the decay process but will not necessarily kill the decay fungus unless a sufficiently high temperature has been used in the drying process. WRB can survive for up to nine years in wood at moisture contents around 12%. If the wood wets up again, the decay process can restart. 

4.3 Growth and Decay Rates of Brown-Rot Fungi

While their growth rates in the laboratory are well known, the growth rates of brown-rot fungi under field conditions have not been extensively studied. Our best estimate is that, under ideal temperature, moisture and nutrient conditions, WRB will grow between 1 and 10mm per day over the surface of wood (23) and at a somewhat slower rate within solid wood (10) in the longitudinal direction (parallel with the majority of cells). The rate of growth within solid wood across the grain will be slower still.

The rate of strength loss and weight loss caused by brown-rot fungi has been much more extensively studied. As discussed above, the lignocellulose breakdown mechanism used by the brown rot fungi causes rapid strength loss before decay is obvious to the naked eye. Some strength properties are more sensitive than others. Compression perpendicular to the grain, important for the bearing strength of plates and beams may be reduced by up to 60% in one week under ideal conditions in sapwood. Under the same conditions, Douglas fir heartwood, which is moderately durable, might only lose 25% of compression perpendicular to grain in a week. For compression parallel, important for studs, sapwood might lose up to 40% and Douglas fir heartwood up to 15% in one week.  Zabel and Morrell (28) provide a detailed discussion of the effect of white-rot and brownrot fungi on all the strength properties of softwoods and hardwoods.

Wood-rotting fungi break down the carbohydrates in wood to carbon dioxide and water, thus the moisture content of wood increases by tens of percentage points as decay progresses. This makes it somewhat more difficult to stop the decay process by drying out the wood. Some form of accelerated drying is normally needed. Interestingly, the WRB (Gloeophyllum species)  commonly found attacking wood in exterior applications (decking, windows, etc.) cause a greater increase in moisture content than predicted from the breakdown of carbohydrate alone (25). This suggests that they are capable of extracting additional moisture from the air. These fungi are also particularly tolerant of drying out and high temperatures (6, 28). 

5.2 Considerations for Repair and Remediation

Since decay and termite damage are usually far advanced when they are discovered, the primary consideration is normally the restoration of the required strength to the structure. The second consideration is the restoration of the appearance. The third, and often overlooked, consideration is the prevention of recurrence of the problem. This requires an understanding of the causes of the problem in the first place. This should include the search for primary and secondary sources of moisture. Since fungi need moisture contents at or above the fibre saturation point, the initiation of decay may have been

associated with a water leak which has since been eliminated. However, once established, decay can progress at moisture contents as low as 25% so it can be maintained by a moist atmosphere. All sources of moisture must be eliminated. It is also critical to remove all infected wood, not only that which is obviously decayed but 60cm beyond the end of the visible

decay along the length of the damaged member. As discussed above, visibly rotten wood is the last stage in the decay process, thus WRB may be present in wood which is not apparently affected. Normally decay in part of the cross-section of a wood member means that the entire cross-section has to be replaced.” 

Beside for wood rot we can expect that the Formosan Termite infestation already plaguing New Orleans to be greatly enhanced.  For both of these reasons, all exposed wood should be treated with a high-borate wood preservative/fungicide: BoraCareTM is an example.

III. While the walls are open, inspect the home for defects associated with previously unknown and un-repaired destruction or errors in construction. 
Look for:


a. Homes with brick veneers: look for missing weep holes at bottom and top, mortar filling air gaps, failed building paper, evidence of rot or termites.  Consider adding flashing at each story to push rainwater away from the wall on the outside. Add weep holes on the bottom and top of each story.


b. Batt insulation: remove it completely.  Replace with blown-in high borate content cellulose applied either dry or wet.

c. Rotted or termite-damaged framing: replace it at least 2 feet beyond visible damage with borate treated lumber.  If replacing sole-plates or sills in contact with masonry materials, also add a metal flashing below to stop moisture flows and termite tunneling from below.

d. Rotted framing or high moisture content in framing below the corners of windows.  Temporarily remove window and add flashing to outside.


e. Stucco coverings of exterior wood-framed walls should be removed.  See exterior walls below. 


f. Leaking windows, gaps in felt paper in exterior wall which should be in place to isolate framing from rainwater.


g. Untreated lumber in contact with brick, concrete or masonry.

IV. Make a reconstruction plan which improves the home.

 (See details later in this sub-section.)


a. Put the mechanical equipment beyond flood waters

b. Install/repair/remove roofs, vents, flashings, windows, shutters and overhangs so that the home is more resistant to high winds.


c. Install/repair roofs, walls and floors and their coverings to be more tolerant of moisture flows in unexpected directions or for prolonged periods.  


d. Make the home more inhabitable when there is no electricity


e. Lower maintenance and operating costs

  THE Reconstruction plans should 
a. avoid the use of paper-faced gypsum, vapor-impermeable (e.g. vinyl or ceramic tile) wall or floor coverings, oil-based paint, batt or fiberglass insulation, single-hung windows, attic fans, ventilated attics or crawlspaces, gable walls of roofs, roofs installed over previously installed roofs, window AC units, inoperable top window sashes or shutters,

b. make all original doors, windows and shutters fully operational, properly weather-stripped, fully screened, with fully operational latches and which can be easily operated, cleaned and maintained without using a ladder.

c. remove all attic fans and other ventilation features of the attic/roof system, insulate the attic within inches of the roof and within gable walls with high-borate-content cellulose, consider putting hip roofs over gable walls, install carbon monoxide detectors in attics which contain gas furnaces or water heaters

d. Impregnate all exposed wood with a borate preservative

e. Install/repair walls to make sure that their exteriors are pressure-equalized: this means that the exterior cladding should have a continuous air space behind it with vents at the bottom and top and behind this there should be installed a rain plane: i.e., a vapor permeable but rain-shedding vertical plane which is flashed all the way to outside and located fully outboard of all wood framing and insulation.  Check for properly lapped felt paper installed exterior to frame walls, if this is missing install it or an alternative system; make sure that no framing components are exposed to rain.

f. All windows already leak or can be expected to eventually leak into their wall cavity unless properly flashed onto the rain-plane; take this opportunity to provide such flashing AND DO NOT DEPEND UPON CAULKING TO AVOID THIS PROBLEM.  All existing windows and doors should be flashed to the outside of this rain plane.

g. If windows or doors will be replaced, choose windows that are LowE with a SHGC less than 0.35, double-hung, fully screened and flashed as new windows.  Install them with full flashing to outside of the rain plane assuming that the windows and doors will leak.  

h. Retrofit crawlspaces so that: they contain no mechanical equipment, are not vented to outside, have a 6-mil plastic covering over the ground, and have the walls covered with a continuous and air-tight system of foam insulation with an R-value of 15.  Put at least one AC supply vent into this space and remove all insulation or air barriers between or below floor joists.  Place the insulation on the walls of the crawlspace up to but not covering strategically placed, termite inspection locations.

i. Roof coverings should be chosen which are installed to manufacturer’s recommendations, do not require poorly vapor-permeable or impermeable underlayments and are fully tolerant of radiant barriers and/or cathedralized attics installed inches below them.  Slate should not be installed so that it is in contact with poorly vapor-permeable underlayment.

j. Install multiple AC units, multi-speed units and/or independent dehumidification equipment to insure than a home can always be conditioned to 50% RH.  Install all heating and cooling equipment within conditioned space and if gas heated, install sealed-combustion gas furnaces.  Have all HVAC equipment installed to a maximum 5% duct leakage specification with 3rd party, independent verification.  Install jump ducts or transfer grills so that the HVAC system will not induce pressure imbalances in the home. Check that the cooling equipment is properly drained with short runs to drain pipes, proper cleanouts, and safe-guards to keep the equipment from running in case of a leak or overflow.  

k. Install compact fluorescent lamps by choosing fixtures that accept them and meet your aesthetic concerns.  Place lights closest to tasks and on independent switches.

l. If adding windows, concentrate them on the north and south sides and provide passive shading for the south facing windows so that they will only be shaded in the summer.

m. Complete removal of fireplaces and chimneys is recommended.

n. Consider these exceptionally good, energy-saving technologies: Ground Source Heatpumps, SunFrost Refrigerators, Hydronically delivered heating and cooling, White metal roofs, Solar reflective/emitting exterior paints, Radiant barrier attic insulation systems, dehumidification equipment used as a heater, and porous stone surfaces added onto interior floors and walls

o. Consider adding wind-storm resistance to framing: add hurricane straps to tie rafters down, through studs to the foundation.

p. Take advantage of the newest Federal Energy Law which allows for considerable tax credits for extreme improvements in energy efficiency or incorporates solar-powered equipment.

q. Employ knowledgeable energy consultants and home inspectors to plan the job and, just as importantly, provide regular inspections during re-construction.

r. Consider replacing all exterior wood materials with a concrete/wood composite like HardyboardTM.

s. Consider raising the home to the latest FEMA flood requirement for new homes.

Subsidence… 

The prevalence and its effect on energy and moisture flows into New Orleans Homes..  This would be an essay I’d have to research and write.  Here’s the beginning of an outline:
1. I contend that this issue may have been the primary cause of infiltration in New Orleans homes throughout the history of New Orleans.

2. I contend that most homes in New Orleans suffered between $10,000 and  $50,000 in damages from subsidence since Katrina.
3. The direct effects of subsidence include excessive window and door leaks, separations between foundations sills, failing roofs, and even more damage to wall systems.
4. The indirect effects of subsidence include moisture intrusion via rain and infiltration; these effects will bring in more water over decades than the floods brought in during September.
5. The energy consequences of these breaches in the building envelope are tremendous in their own right, but also indirectly aggravate the moisture problem.

6. Roofs fail largely as a result of subsidence as well. 
7. etc…
V. Provide for mold, moisture and energy consulting certificates that properly confirm to insurance companies, mortgage companies and the next homeowner that timely steps were taken to protect the home against past, recent and future moisture-related and avoidable damage.

VI. Take advantage of recent code changes, tax incentives, flood regulations and improvements in building science and product technologies to maximize the reconstruction opportunity.
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