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The purpose of this report is not to question the real or imagined dangers of house tightening. It will be assumed, for the sake of argument, that all pollution sources mentioned in the draft environmental impact statement (E.I.S.) by B.P.A. on the weatherization program dated August 1983, pose a clear and present danger. Active mitigation techniques will be explored for all pollution sources mentioned in the E.I.S. I will also cover simple and cost effective weatherization measures that should be included in the program to increase effective energy savings. Finally, I will discuss a major indoor air pollutant that is almost totally ignored by the E.I.S.

During my tenure as a residential energy auditor for Snohomish P.U.D., I had the opportunity to take part in the initial implementation of the B.P.A. Buy Back Program. I felt the mitigations by exclusion were based on vastly overstated dangers, in some cases. The following is an example. A small two-bedroom rambler with a vented crawl space had an attached garage converted to a family room. The details of the garage conversion are as follows:

1. 
A 6-mil plastic sheet covering the existing concrete garage floor.

2. 
Fiberglass insulation, with a vapor barrier, installed using a B.P.A. approved procedure.

3. 
A continuous perimeter vent that exceeds all jurisdictional requirements.

This home was and, as far as I know, still is denied any house tightening measures under the Buy Back Program due to supposed concerns that radon gas would some how breach this barrier/venting strategy and contaminate the home.

The E.I.S. finding that the program, as it stands, is unpopular with many people is hardly surprising in light of the above example. I, and many of my co-workers, became extremely frustrated. The situation I have described was all too common. I do not mean to imply that there are no real problems to be dealt with, but the E.I.S. seems to be sadly misdirected in its priorities.

MITIGATION BY ACTION; TECHNIQUES NOT EXPLORED

Fire places and Other Wood Burning Appliances. To burn wood a source of oxygen is required. For most homes this source is found inside the room occupied by the appliance (see Fig. lA) .The rate at which air is drawn into the firebox depends on three things:

1. The size of the appliance.

2. The stage of the burn cycle.

3. The control decisions of the operator.

During the early stages of the burn cycle, a large amount of air is needed for efficient combustion. It is not unusual for a moderately sized wood heater to require over 40 c.f.m. of air. If the home is typical and inadequately tightened, this means 40 c.f.m. of cold and often dry outside air will be drawn into the house. In fact, the normal wood heating installation will, over the entire burn cycle, cause a net energy loss to the home through induced infiltration. The house will feel overly warm for a short while, but by the time the last ember has died, all the energy will be lost up the chimney. If, on the other hand, the home is properly weatherized, the stove will be starved for air and creosote will form and back drafting of smoke into the house will occur.

How then are the problems of inefficiency and indoor pollution handled? There are two minimum requirements for a safe and efficient installation. First, a source of combustion air must be brought in from outside the structure. This is surprisingly easy in most cases be they cook stoves, masonry fireplaces, or freestanding units. Figures IB and 2 show simple through the floor and wall strategies that work for most freestanding units. Figure 3 depicts an unusual set of circumstances encountered only once in the hundreds of installations I have inspected. The intake vent penetrates the roof and is finished by a standard roof jack vent.
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Finally, figure 4 BEFORE and AFTER illustrates a common installation. The ash dump cleanout door is replaced with a screen. This is to prevent access to pests. The firebox ash dump door is replaced by an operable vent. The firebox opening is covered by glass fireplace doors. If there is not a built in "heat-o-later", I recommend the installation of one in conjunction with the glass doors. I have used this method on several fireplaces and everyone is continually amazed by the dramatic improvement in performance. The glass doors not only block smoke contamination, but also provide a positive barrier to flying sparks and embers.

The second requirement for a safe wood heat system is heat storage. This can be accomplished using water, masonry, or eutectic salts. If storage is not available to capture the excessive heat released in the early burn stages, the operator might waste heat by over ventilation (opening a door) or fall back on the dangerous and inefficient practice of starving the fire for oxygen by closing the dampers. Starving the fire for air does three things:

1. It lowers the temperature differential between the heat source and the heat absorber. This results in less efficient energy transfer.

2. Wood is a complex collection of fuels with various combustion temperatures that range from approximately 200 to 1,200 deg. F. Therefore, the higher the firebox temperature, the more fuels that will be consumed. Additionally, if the fire is allowed to reach 500 to 600 deg. F. the wood alcohol will be burned and no significant creosote will form in a properly sized chimney. I have never had to sweep the chimney of an appliance I operate, though I give them regular inspections.

3. When a wood-burning appliance is operated safely and efficiently, there is a significant reduction in outdoor air pollution. This is in direct contradiction to page 4.6 paragraph 5 of the E.I.S. This assertion is supported by the research of Prof. Richard C. Hill of the University of Maine.

Outside combustion air and a method of heat storage are two requirements of a safe wood heat installation, but any equipment is only as safe as it's operator. "Heater-related fires are caused almost exclusively by installation, operation, and maintenance errors, not by unsafe equipment". Wood Heat Safety, by Jay Shelton, Garden Way, 1979. Example, wood smoke need not be released into the home when the appliance door is opened, as stated in the E.I.S., if the operator is aware of the damper controls and how to use them. Operator education is central to the indoor air quality issue.

I can see no need for an air-to-air heat exchanger (A.A.H.E.) based on the presence of a fireplace. However, a properly tightened house requires one anyway, and its inclusion would only reduce the threat from the occasional puff of smoke that might occur.

Radon From Concrete and Soil. The methods of mitigation in the E.I.S. are good, as far as they go. However, ventilation of crawl or attic spaces and/or the use of A.A.H.E. is more effective when used in conjunction with barrier strategies.

Interior Slab on Grade.

It is especially true in areas of high ground moisture content that prior to the pouring of concrete, a layer of plastic is installed to prevent moisture leaching through the floor (see Fig. 5.). I assume this plastic is also effective at inhibiting gasses from passing from the soil to the slab. let us take the concept of barriers one step further and apply an impermeable sealing coat to the cured concrete floor. This should stop gasses trapped in the slab from entering the home, thus drastically reducing the pollution an A.A.H.E. would have to handle. Retrofitting this sealant is a possibility for problem homes that might be encountered in the mineralized regions. I propose the use of sealing coatings for concrete to be studied under the delayed option plan. This should not however, delay the immediate implementation of the full weatherization program to all homes.

Homes With A Basement -Unheated Storage/Workspace.

If there is an entrance to the basement from the living area, that door should be fully weather-stripped and the frame caulked. Next, any penetrations through the ceiling of the basement for plumbing, electrical wiring, or any other holes should be caulked. The next concern is ventilation. The basement should be vented to prevent moisture problems. This would also reduce radon concentrations. Of course you will want to insulate the basement ceiling and the installation of a general vapor barrier might be considered.

Basement Living Area or Earth Sheltered Homes.
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In an earth sheltered home there is usually great attention paid to the tightness of construction. This is true for all structures built with energy efficiency in mind. However, the common earth sheltered house has few places to leak air to begin with so ventilation is a high priority. A.A.H.E. are used as a matter of course. The massive amounts of concrete though, may be cause for some concern as to whether an A.A.H.E. provides sufficient protection. The techniques for sealing concrete could take on great significance in both earth sheltered homes and residences with basement living areas.

Whole House Plenums.

Though not mentioned in the E.I.S., this rather rare (in western Wa.) method of hot air distribution does disqualify a home from house tightening measures. The techniques of plastic sheeting and concrete sealing should solve any problems that might arise.

Unventilated Crawl Space.

Most unventilated crawl spaces I encountered as an energy auditor were caused by the owners going to a local hardware store and buying kits packaged and advertised for the express purpose of damming vents to save energy. This does in fact work for a few months to a few years. Then the dry rot sets in and the structure eventually needs major repairs including installation of proper venting. The sale of material for blocking vents should be banned, and a public education program should be instituted to let people know why vents are necessary. I think leaflets and/or posters prominently displayed in the offending merchant's stores would be an effective and low cost start. The current requirements for vents and ground cover are adequate.

Well Water.

Water could be pumped into a storage tank that would allow the

out gassing of radon before it enters the house. Some balance of temperature, time, and evaporation loss will need to be worked out based on the amount of radon found on each site.

Combustion Products From Sources Other Than Wood Appliances.

Mitigation in most cases is similar to that of the wood stove strategies mentioned earlier.

Portable Combustion Space Heaters.

The problems of the portable space heater are similar to the wood-burning appliance only there is no chimney to carry combustion products away. These heaters are used to take advantage of the highly effective concept of zone heating. Heating only the area you are using is an excellent idea when you take into account humidity control, heat source, and ventilation needs. In the properly tightened home there is no room for appliances that consume interior air for combustion. There is also no room for an appliance that discharges combustion products into the home. In chemistry it is taught that total combustion yields three products: CO(2), H(2)O, and heat. This is true if there is ample oxygen, high enough temperature, and fuel without impurities. Rarely, outside of the laboratory, are any of these three criteria meet, let alone all three.

If a particular room has a high occupancy rate, then a permanent installation with proper intake and discharge vents might be appropriate. Education of the public is needed since subsequent property owners can, quite beyond the control of B.P.A., bring in portable combustion space heaters.

Natural Gas Furnaces and Hot Water Heaters in Living Areas.

Again, as with wood-burning appliances, a source of combustion air must be brought in from outside the structure. Since furnaces and hot water heaters already have flues to vent combustion products, the necessary modifications are minimal.

Natural Gas Fired Ranges and Ovens.

All stoves and ranges, irregardless of their fuel types, should have an

exhaust vent hood ducted to the exterior of the building. This hood will not only remove combustion products, but will also take care of the lion's share of the cooking fumes and excess humidity. A properly sized and installed vent fan will draw 200 to 500 c.f.m. of air from the kitchen area. The simplest method of providing make-up air is to crack open a window that is closest to the cooking surface. This will create a localized airflow in the kitchen and have minimal effect on the rest of the home. Spot venting of the kitchen is especially important in floor plans where the kitchen is not segregated from the rest of the house by a door.

This technique for kitchen venting is extremely dependent on awareness of the necessity of spot ventilation. Education is the key to success in this case.

Cigarette Smoke

Smoking is its own reward. Unfortunately it seems to have a deleterious effect on other occupants. It is certainly irritating to most nonsmokers. In my auditing experience I found that more and more smokers are coming to grips with these ideas. In cases where one occupant smokes and wishes to minimize the effects on others, I have suggested a smoking room equipped with a separate ventilation system much like the one I outline for a bathroom. Again, education is the only realistic action available.

Urea Formaldehyde Foam Insulation, Formaldehyde Construction Materials.

I strongly recommend A.A.H.E., monitoring and education over delay or exclusion.

Humans

If all other indoor air quality problems have been addressed, any problems produced by respiration will also be solved.

Exterior Air As A Pollution Medium.

Some areas, under certain conditions of weather and pollution generation, develop health-threatening conditions in the ambient air. A tightly sealed home with controlled amounts of outside air introduced through a designed ventilating system has a wonderful opportunity to protect the occupants from airborne hazards. Both electrostatic cleaners and fiber filters can be easily incorporated into the venting techniques I have mentioned.

For example, the use of a slightly opened kitchen window to allow make-up air for the exhaust fan can be fitted with a frame on a hinge. This frame, that folds out of the way when not in use, could hold any number of filter media available. This inexpensive system could handle many of the common air borne particulates. Cleaners could be installed on an A.A.H.E. or indoor systems might be installed. In any case, the tight home is going to allow less of the harmful outside pollutants in when compared to the ordinary leaky house.

WEATHERIZATION TECHNIQUES NOT COVERED

It is understandable that the program's weatherization be of a standard nature and address only the common problems of more typical construction types. There are some substantial omissions. One major source of infiltration only partially covered by the present program is electrical penetrations. Currently, gaskets are supplied for outlets and switches on exterior walls only. This totally ignores how houses are built. Wiring is typically run through the attic. Holes are drilled through the top plates of the stud wall to run wiring through interior as well as exterior walls. If the attic is vented properly, air will leak through all walls, unless the holes were filled with caulk after the wire was run. In the thousands of homes I have inspected, I have never seen this detail.

Therefore, the least B.P.A. should do is provide gaskets for all switches and outlets. Ideally, the penetrations should be caulked. Another major penetration can be found in the ceiling where wires come through to supply light fixtures. It is not difficult to loosen the decorative cover of most fixtures and discover a hole about the size of a nickel that leads directly into the attic. This is easily sealed with a small amount of caulk. In most cases the fixture need not be disconnected.

There is however, one common light fixture that represents a major energy leak and danger to the occupants. This is the recessed can light that uses an incandescent bulb.

In operation the incandescent bulb produces a large amount of sensible heat as compared to visible light. If the bulb gets too hot, it will have a much shorter life span. To cool the bulb, the can in which it is housed allows air to flow through freely. This is wonderful for the bulb, but not for the heating or cooling efficiency of the house. Some people, recognizing

this fact, have blocked the vents or installed insulation directly over these fixtures. This has been the cause of many fires. In the past few years something else has come to light. Wood exposed to what were thought to be harmless temperatures (150 to 200 deg. F.) will over a period of 20 to 30 years, change in chemistry and ignite in this low range. The 1982 I.C.B.O. uniform building code, just adopted by the city of Seattle, states that a permanent loss of strength will occur when wood is subjected to prolonged temperatures in excess of 150 deg. F. I have personal knowledge of a fire that started in a properly installed, non-modified recessed light that had been in place for about 25 years. My recommendation to people with these fixtures is to have them removed and replaced by a safer installation.

Much to the credit of the building industry, safer and more energy efficient recessed fixtures have been developed, though there is some question as to their compatibility with the new code. If there is a need or desire to keep a recessed fixture, I always suggest the use of fluorescent bulbs. When used with a diffusing plastic lens, they provide more uniform and efficient general lighting than the cans did anyway.

Finally, plumbing penetrations are common to most houses and allow air infiltration into wall cavities. While the electrical outlet gaskets help, the problem is best handled at the source. A little caulk, while installing floor and/or ceiling insulation, will go a long way toward much lower energy consumption.

WATER VAPOR -THE POLLUTION THAT GETS NO RESPECT

Most people have the mistaken idea that air temperature alone is what governs comfort. Comfort is determined by the three main factors of air temperature, mean radiant temperature and relative humidity (R.H.). Studies by A.S.H.R.A.E. indicate that as R.H. approaches high or low extremes, the range of air temperature considered comfortable narrows. This means heating and cooling controls systems are constantly adjusted in a vain attempt to maintain comfort. This translates into less efficient, and thus, more costly operation.

The old idea that the moister the air, the warmer it feels is true only to a limited extent. If air is extremely moist, then slightly warm air will feel muggy and slightly cool air will feel clammy. If the air is particularly dry, then discomfort and respiratory problems will occur. It has been my experience that indoor air should, during the winter months, have a R.H. in the range of 50 to 60%.

If a home is well caulked and weather-stripped, and all combustion appliances are properly vented, the occupants will have little trouble in maintaining this moisture level. The lore of the wood stove says that they produce dry heat. The truth is, fireplaces that take their combustion air from within the home will cause infiltration of large amounts of cold dry air driving the R.H. down. A wood-burning appliance installed in accordance with this report will not have that effect. Adding humidity, if needed, is much easier and less costly than dehumidification. Unlike air temperature, that tends to vary greatly throughout a structure, humidity tends to be very uniform. It is somewhat analogous to the level of a swimming pool. No matter where you add or take away water from the pool, the level of the pool is equally effected over the entire surface. Therefore, putting a pot of water

on to boil in the kitchen will raise the R.H. in the entire house, assuming you have not turned on the ventilation fan.

During the summer months a lower R.H. is needed for comfort and health. The human body needs to give off heat. This rate of heat loss depends on the age of, and amount of work being done by, the occupant. When air temperatures start to exceed 85 deg. F., the major mechanism for heat loss is through perspiration. This perspiration must evaporate to do its job. If the R.H. is high, the rate of evaporative cooling is low. This results in discomfort at best and heat stroke at worst. It has been my experience that R.H. should be kept at 30 to 40% if possible.

In some climates this would be impossible without dehumidifiers during extreme conditions. Even under extreme conditions, the tight home has the advantage. Ventilation of the structure can occur during the most favorable time, usually early in the morning before the sun rises. Then during the worst part of the day, the home can be closed to a minimal venting mode and retain the dryer, cooler air for comfort. This would save money on the installation and operation of dehumidification equipment or grossly oversized cooling systems.

Comfort is important, but there are other considerations when dealing with excessive humidity. Dry rot is an insidious destroyer of property. I have visited homes with major dry rot damage caused by the owner blocking vents with material packaged and sold for just that purpose. This unconscionable retailing practice must stop.

I have had owners tell me they open the vents in the summer, only blocking them in the winter. The winter is when all the damage occurs due to higher moisture content of the ground and the greater temperature differential between the interior and exterior air. This, in fact, mimics the survival

technique used in the desert to trap water vapor under a plastic sheet.

The attic vents must also remain open due to the migration of water vapor from the living space. In the tight construction of the "super insulated house" this migration will be minimal, but in the average retrofit dealt with in the B.P.A. program, a good ventilation system is the only way to prevent dry rot from growing in the rafters. There are also records of strong allergic reactions to the mold and mildew associated with dry rotting conditions.

With proper humidity control, condensation on windows should be no more than a slight fogging. If storm windows or double-glazing is added, the problem should all but disappear. It can only be concluded that humidity has a direct and distinct effect on the health and well being of the occupants and the structure itself.

MITIGATION BY ACTION OF WATER VAPOR. To solve a problem we must first identify it. The two major areas of concern are the kitchen and the bathroom. The kitchen is discussed in the section on natural gas stoves. Therefore, to avoid redundancy, I will turn to humidity control for the bathroom. (see Fig. 6)

The first requirement for dealing with water vapor is to trap it. This is very effectively done by the installation of weather-stripping on the bathroom door. Interior passage doors are notoriously leaky. Next, the room should be disconnected from any central H.V.A.C. system. The occupancy rate of a bathroom does not justify the maintenance of a constant temperature. Do not think me cruel, I like a comfortable bathroom. To this end I install a separate heating system. It can be turned on in one of two ways, by a preset timer, or by the occupant upon entering the room. The bathroom must be provided with its own separate air supply. In my own house this was very
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easy. The forced air furnace runs ductwork through the vented crawl space. I removed the bathroom branch and closed it off at the trunk. I installed a section of triple wall chimney pipe to the register. In this pipe I installed a small heating element and a blower fan. This takes air from the crawl space and blows it into the room. If the air happens to be uncomfortably cool the heating element can be turned on. When the switch that turns on the heat is used, it over rides the speed control on the fan to insure an adequate flow of air over the element for safe operation. The heating element also has an over heat protection thermostat.

For added heat in the bathroom, a double set of heat lamps are in the ceiling. The air blower/heater is controlled by a 60-minute spring timer. This way the system can be left on to work after the person has left, and not accidentally run all day.

The air being blown into the room displaces moisture-laden air through a short, but wide window near the ceiling (see item C Fig. 6). The windows shape will not allow access to intruders, so it can be left open any time. Most bathroom fans have a capacity or 40 to 80 c.f.m. This is insufficient to the task. I recommend a blower capable of 200 to 500 c.f.m. This size of blower tends to be loud. That is why I install a speed control. While the room is occupied, the fan can be run slow and quiet. When the person leaves, the fan can be turned up and left to finish the job.

So there it is, a bathroom with its own H.V.A.C. system, separated from the rest of the house by a weather-stripped door. It is successful in stopping the migration of large volumes of moisture vapor into the rest of the house. I call the concept the "Inside-Out House".

The question sometimes comes up as to why I pressurize the bathroom rather than use an exhaust fan. First of all, I could not safely preheat the

incoming air. If the door were left ajar, I could not be sure of proper flow rates for the element. Also, if you have, or are planning, a composting toilet, you do not want to reverse the natural ventilation that occurs in that type of fixture.

There is, in many homes, another major source of moisture. It is the automatic clothes dryer. Many people buy those totally useless plastic boxes that divert the warm exhaust air from the dryer back into the house. This air has a large amount of moisture and aside from creating the moisture problems addressed earlier, it also makes the dryer work longer. That is because the moisture it just got rid of is now being drawn right back into itself. Clothes should not be dried within the heated structure. A good place for the dryer is the garage or an unheated vented basement. The dryer, like the fireplace, needs a large amount of air to run properly.

The sale of dryer exhaust diverters is another piece of misinformed retailing that must cease. The deletion of water vapor as an important pollutant in chapter 3 is a grave error. It is a problem that must be addressed in any house-tightening program.

CONCLUSIONS

In my estimation there is no reason for the continued exclusion from the weatherization program of approximately 70% of the electrically heated homes in the B.P.A. region. The concerns raised by the E.I.S. can in every case be dealt with by cost effective mitigation by action.

Plumbing and electrical penetrations should be more completely and thoroughly dealt with. These penetrations are substantial and I feel represent some of the reason for the rather conservative estimation of the potential energy savings available.

Water vapor is such an obvious indoor air quality issue I still find it difficult to believe that it was over looked. In my experience as a designer, consultant and auditor, moisture damage has been a common thread in the problems to be solved in the properly weatherized home.

The B.P.A. has an excellent opportunity to not only save large amounts of energy, but to maintain and even improve the indoor air quality of most homes. I urge the B.P.A. to move ahead quickly and aggressively with a program that will provide both jobs and energy through the proven means of conservation.
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