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Responsible Agency: U.S. Department of Energy, Bonnevllie Power Administration
Title of Proposed Action: Expanded Residential Weatherization Program

Title of Document: Final Environmental Impact Statement

States Involved: Oregon, Washington, Idaho, and western Montana

Abstract: BPA proposes to expand Its present Residential Weatherization Program, which excludes certain
types of residences from receiving air-Infiltration reducing (tightening) measures. These tightening mea-
sures are storm windows and doors, wall Insulation, weatherstripping, caulking, and electrical swltchplate
and outlet gaskets, The major effects examined pertain to alr quality (indoor and outdoor), public
health, energy, soclioeconomic and Institutional changes. This Environmental Impact Statement (EIS) evalu-
ates the effects of five alternative actions:

(1) No-Action Alternative would not expand BPA's present program. Approximately 105,7 MW of energy sav-
Ings would be foregone, In addition to the following effects: the continuance of confllct with other con-
servation programs (state, local, and electrical utility); no additional Increased risk of health effects
from degradation of Indoor alir quality due to tightening; the possible long-term Impacts to electric power
rates; and the effects of new generation that will be needed In the future, such as the loss of 2535 acres
of land, 2800 tons of effluents, and 7 quadrlllion Btus discharged Into U.,S. waters. There would be an
unpredictable Increase in health effects from residences tightened Independently of BPA's program.

(2) Proposed Actlion would offer tightening measures to all presently excluded residences. This would
meet the Intent of the Paclific Northwest Electric Power Planning and Conservation Act (Reglional Act) and
ald In Insuring an adequate, relliable, economical, and efficient electrical energy supply for the region,
Increased concentrations of Indoor air pollutants In presently excluded residences would result from this
action, causing higher exposure to known carcinogens such as radon, benzo-[al-pyrene, and formaldehyde,
possibly Increasing the potential development of cancer (0.32, 0.43, and 0.04 per year per 100,000 people,
respectively)., Other effects are Increased employment (62,726 Installer years), stimulation of the econ-
omy by the purchases of materials, resolution of Institutional conflicts, 1057 MW energy savings, a small
Increase of 8520 Ib, of total suspended particulates emitted Into the outdoor air from Increased produc-
tion of tightening materials, and postponement of the need for new generation and Its environmental
effects described under the No-Action Alternative.

(3) Delayed Actlion Alternative would postpone an expansion of the present BPA program from 3 to 5 years
to allow for further research on Indoor air quality and associated health effects. Depending on the
research outcome, the potential effects of the Proposed Action could be reduced or could remain the
same, There would be a net loss of energy savings during the delay. The amount of energy loss would
depend on the final program design.

(4) Environmentally Preferred Alternative would offer the same measures as the BPA Preferred Alterna-
tive. Mitigation In the form of air-to-alr heat exchangers would be provided to return air Infiltration
rates In residences to thelir original pre-weatherized amount. The environmental effects would be similar
to the No-Action Alternative except for a substantial Increased cost of $1749,7 to $2571,80 million and
energy savings of only 87.4 MW,

(5) BPA Preferred Alternative would offer the same measures as the Proposed Action and Include mitiga=~
tions similar to Mltlgatlon-By=-Actlon No. 3 (radon monitoring) and No. 4 (providing an Indoor air quality
Informational booklet), As a result, the Incidence of cancer from radon would rise only 0.23 to 0.32 per
year per 100,000 people over that projected for the No-Action Alternative. The other effects assocliated
with the Proposed Action would be nearly the same for this alternative with 104,5 MW of energy savings and
a $76.6 to $130 million Increase In cost. 1In addition, overall Indoor air quality and subsequent health
effects may Improve slightly due to Indoor air quality Information provided.

No decision will be made until 30 days after the U.S. Environmental Protection Agency filing notice has
appeared In the Federal Reglster,

For Additional Information Contact: Anthony R, Morrell, Environmental Manager
Bonneville Power Administration
P.0., Box 3621-SJ
Portland, Oregon 97208 (503) 230-5136
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SUMMARY

The Bonneville Power Administration (BPA) began a 10-year Residential Weather-
ization Program for electrically heated residences in the Pacific Northwest in
November 1981,

The program provides homeowners of eligible residences the opportunity to
obtain a free energy audit. During the audit, recommendations are suggested to
the homeowner for improving the energy efficiency of the residence. The
results of the audit predict an amount of energy savings that would be realized
by adopting the various recommendations. Recommendations include the installa-
tion of weatherization measures such as ceiling insulation, floor insulation,
storm windows, unfinished wall insulation, duct insulation, storm doors, caulk-
ing, weatherstripping, clock thermostats, dehumidifers, and electrical outlet
and switchplate gaskets. The energy savings associated with each measure
recommended are used to calculate a financial incentive. The incentive is made
available to the homeowner and is designed to help pay for some or all of the
cost of purchasing and installing each weatherization measure. The program is
offered to residential electrical consumers through implementing entities such
as BPA's customer utilities, state governments, and local governments.

The present BPA Residential Weatherization Program (present program) being
offered to utilities 1imits the availability of air infiltration reducing or
'house tightening' measures. These measures include storm windows, storm
doors, caulking, weatherstripping, switchplate and electrical outlet gaskets,
and wall insulation. This program limits these measures because their instal-
lation would lead to a potential for significant environmental impact.

The environmental impact became apparent when the initial weatherization pro-
gram was evaluated in accordance with the requirements of the National Environ-
mental Policy Act (NEPA) and the regulations of the Council on Environmental
Quality (CEQ).

These regulations require that an environmental determination be completed
before a major federal action is taken. For the initial weatherization pro-
gram, an Environmental Assessment (EA) was prepared in April 1981, This
analysis indicated that the program as originally designed could have signifi-
cant impacts on the quality of the human environment. The significant impacts
were caused by the installation of tightening measures, which reduced the air
exchange rate of the residence. As a result, indoor air pollutant concentra-
tions would rise, increasing the risk of adverse health effects to the occu-
pants of the residence.

Because analysis of available information at the time the EA was prepared
indicated possible significant impacts, an Environmental Impact Statement (EIS)
would have to have been completed before a program decision could be made.
Preparation of an EIS, however, would have delayed the program and postponed
estimated program energy savings by more than a year. Therefore, the program
proposal was modified so that potentially significant impacts would be




avoided. This was accomplished by offering the tightening measures to only
those residences where the major sources of indoor air pollutants were mini-
mized. In addition, all participants in the program were to receive booklets
describing indoor air pollution, the effect of weatherization on indoor air
quality, and actions that homeowners could take to reduce indoor air pollu-
tion. These provisions, along with the conservative nature of the assessment,
which tended to overestimate rather than underestimate adverse impacts, were
evaluated in the revised EA issued in September 1981. They were the basis for
a Finding of No Significant Impact (FONSI) on the present program. Imple-
mentation of the present program was then permitted to proceed.

With this program design, residences assumed to be free of major sources of
indoor air pollution were defined by six characteristics. These character-
istics are referred to as inclusion criteria and are as follows:

e a full crawl space with cross ventilation (per the 1979 Uniform
Building Code), with a ground cover vapor barrier and also a floor
insulation vapor barrier

e the absence of unvented combustion appliances, such as gas stoves or
portable space heaters (kerosene)

e a municipal or surface source for domestic water supply

e the absence of wood stoves

e the absence of urea-formaldehyde foam insulation (UFFI)

® not a mobile home.
These restrictions limited the availability of house tightening measures to
approximately 30% of the region's electrically heated residences. Ceiling
insulation, floor insulation, unfinished wall insulation, duct insulation,

clock thermostats and dehumidifiers and other measures were available to all
eligible residences.

INDOOR AIR POLLUTANTS

The inclusion criteria are associated with three major types or categories of
indoor air pollutants:

e formaldehyde
e by-products of combustion [notably benzo-[a]-pyrene (BaP)]
e radon.

Formaldehyde (HCHO) is a widespread, low-cost chemical that is extensively used

in modern industry. Formaldehyde's excellent bonding characteristics make it
very valuable in the manufacture of resins or glues. These resins are used in
the manufacture of hard plywood, particle board, textiles, and adhesives. It
was also used in the manufacturing of UFFI, which was banned by both the U.S.
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Consumers Product Safety Commission (CPSC) and Canada in 1982, As a result of
legal action, the ban was overturned in April 1983 by the United States Court
of Appeals for the Fifth Circuit. That legal action had been vacated pending a
possible review by the U.S. Supreme Court, with the result that the ban
remained in effect. On August 25, 1983, the U.S. Justice Department announced
that it would not seek Supreme Court review, with the result that the CPSC ban
is legally overturned and there is now no prohibition on the use or installa-
tion of UFFI. The insulation was used during the 1970s to retrofit walls in
residences. Formaldehyde is a colorless, water-soluble gas that has a strong
odor. Small concentrations can usually be detected by humans. It is an irri-
tant to the mucous membranes of the eyes, nose, and throat and can cause head-
aches in sensitized individuals. In addition, anjmal studies have indicated.
that HCHO induces cancer in the respiratory tract.

A number of indoor pollutants occur as by-products of incomplete combustion.
They include respirable suspended particulates (RSP}, oxides of nitrogen (NO,),
in particular nitrogen dioxide (NO,), carbon monoxide SCO), carbon dioxide
(COZ)’ and polycyclic organic mattér of which benzo-[al-pyrene (BaP) is a
particular concern, Particulates are the fine dust and ash that remain after
combustion occurs. The material is very light and is often propelled into the
air by the convection currents resulting from combustion. Although not a
direct result of combustion, particulates may also include fibers such as
asbestos and other foreign material such as bacteria. Oxides of nitrogen are a
natural result of combustion in our nitrogen-rich atmosphere. The heat gener-
ated during combustion causes a chemical reaction between the nitrogen and oxy-
gen in the air to form oxides of nitrogen. Carbon monoxide and CO, are two of
the natural end-products of combustion. When fuels are burned in %he presence
of oxygen, a chemical reaction occurs, which releases heat and forms CO, CO,,
and water. Incomplete combustion also releases a multitude of complex chemi-
cals known as polycyclic organic matter. Benzo-[a]-pyrene is one of the major
constituents of this group.

A1l of these combustion pollutants are generally considered irritants to the
respiratory tract. However, not much is known about their risk at low concen-
trations. Particulates can cause breathing problems, respiratory irritation,
and may contribute to the development of more severe lung diseases. Nitrogen
dioxide is a strong oxidizing agent and may result in various levels of lung
irritation and damage. Carbon monoxide affects mental and physical processes.
Carbon dioxide at high concentrations displaces oxygen required for respiration
and can cause headaches.and dizziness. Benzo-[a]-pyrene is one of the organic
pollutants that causes cancer.

Radon (Rn) is a naturally occurring gas that comes from the trace element
radium, Radium is one of the elements in the uranium-lead decay chain.
Uranium, and therefore radium, is found in varying concentrations in most
soils. Radium decays to form radon, which unlike all of the previous elements
in the decay chain, is a gas. In fact, radon is a chemically inert or non-
reactive gas; therefore, it can move through the soil without being changed or
absorbed.




In residences, the major source of indoor radon is the soil underlying the
house or an underground water supply that is vented for the first time within
the house. Radon decays into four radon "daughters," which are physically
reactive. They readily attach to dust particles in the air. The particles are
inhaled by occupants and become lodged in the lungs. The radon daughters decay
by releasing alpha radiation, which irritates the lung tissue and may eventu-
ally induce lung cancer (see Chapter 3 for more detail).

ENVIRONMENTAL IMPACT STATEMENT

Since BPA proposed to expand the present program, it was necessary to prepare
an EIS. As a federal agency, BPA is directed by the National Environmental
Policy Act (NEPA) of 1969 to examine the effect on the human environment of any
major action. The NEPA procedures ensure that environmental information is
available to public officials and citizens before decisions are made, and
before actions are taken. Accurate scientific analysis, expert agency com-
ments, and public scrutiny are essential to the decision-making process.

BPA has some explicit responsibilities when conducting an environmental
analysis:

l. to prepare an EIS when available information indicates a BPA action
could have significant impacts on the quality of the human
environment

2. to be open about the findings in the EIS and present them in a
straight-forward, objective manner that can be easily understood

3. to inform people of possible health effects

4. to be responsive to any suggestions or comments that directly relate
to the Draft EIS, taking them into consideration in preparing the
Final EIS and in making the decision on program actions.

In September 1983, the BPA distributed a Draft EIS for public comment on the
proposed expansion of the present program. This Final EIS has incorporated the
suggestions and comments received and presents the environmental aspects of the
decision-making process for the expansion of BPA's present program. The pro-
gram design, including mitigations, will be recorded in a Record of Decision
(ROD) if a decision is made to expand the present program. This decision will
be issued 30 days (or more) after this Final EIS is available to the public.
The ROD will be published in the Federal Register and will also be available to
the public.

This EIS examines the possible significant environmental effects that could
result from the tightening of residences currently excluded under the BPA's
present program. This analysis was completed so that a more comprehensive
program could be considered for development and implementation. BPA proposes
to make tightening measures available to those residences currently not eligi-
ble to receive them because the residence does not meet one or more of the
inclusion criteria. Approximately 70% of the eligible electrically heated




residences in the Pacific Northwest are in this category. The tightening mea-
sures include storm windows and doors, caulking, weatherstripping, electrical
outlet and switchplate gaskets, and wall insulation.

BPA proposes to expand its present weatherization program for two reasons.
First, the expanded program would help meet the need for an adequate, reliable,
economical, and efficient electrical energy supply. The Pacific Northwest
Electric Power Planning and Conservation Act (Regional Act) authorizes BPA to
acquire cost-effective resources to help meet or reduce BPA's electric load
obligations to its utility customers. It also directs that cost-effective
conservation resources be selected first before other resources are developed.
The Expanded Residential Weatherization Program, known as the Proposed Action,
would save energy through conservation.

Second, BPA's present program is being expanded so that tightening measures can
be offered to many more residences. The Proposed Action fills in the gaps in
the present program, complimenting the measures currently available. This
would make BPA's program more attractive to implementing organizations and
residents, many of whom now find the BPA program unacceptable. Many utilities,
for instance, have been reluctant to proceed with BPA's program until storm
windows, one of the more popular tightening measures, are available to all
residences. The present program limitations are also causing a number of
administrative and customer relations problems for participating utilities.
Because the Proposed Action would offer tightening measures to residences that
are now excluded from the program, participation in the program would probably
increase, and BPA could expect to acquire greater energy savings (see Chapter 1
for more detail).

This EIS evaluates five alternative actions for expanding the weatherization
program:

1. No-Action--Do not provide tightening measures to residences
ineligible to receive them currently, and continue operating the
present program,

2. Proposed Action--Provide tightening measures to all eligible
residences.

3. Delayed Action--Postpone until some later date (approximately 3 to
5 years) the availability of tightening measures for ineligible
residences and complete further research to answer more of the
questions concerning indoor air quality.

4, Environmentally Preferred Alternative--Provide tightening measures
and air-to-air heat exchangers (AAHXs) to all eligible residences.

5. BPA Preferred Alternative--Provide tightening measures and radon
monitoring to all eligible residences. If residence is monitored and
results are above Action Level established by BPA, provide financial
incentive for AAHX.




Under the Proposed Action, a number of mitigations are also discussed. Mitiga-
tions help minimize environmental impacts by eliminating a portion of the Pro-
posed Action, or rectify impacts by restoring the affected environment. Two
types of mitigations, Mitigation-By-Exclusion and Mitigation-By-Action, are
considered. See Chapter 2 for comparisons of the alternatives and mitigations
that were considered for application to the proposed program.

The alternatives and mitigations are evaluated in five environmental areas:
1) indoor/outdoor air quality; 2) public health effects; 3) energy; 4) socio-
economic and institutional effects; and 5) other uses, which include fish and
wildlife, land use, and water quality. Because of the nature of the Proposed
Action, the EIS discussion is most intensive for the first three areas. The
other areas are also considered but in less detail (see Chapter 4).

Another possible future weatherization measure, house-doctoring, has also been
evaluated in this EIS. The environmental effects of this measure, if added to
the Proposed Action, are estimated (see Section 2.20).

EFFECTS ASSOCIATED WITH BASELINE CONDITIONS

Before considering the effects of the various alternatives and mitigations, a
baseline condition must be established and effects analyzed. The baseline con-
dition was defined as the current residential stock with its associated infil-
tration and pollutant source characteristics. Even without any weatherization
program, these residences would have concentrations of indoor air pollutants
that would cause a certain level of health effects.

Assumptions concerning the baseline conditions were made, and an analysis of
the health effects resulting from them was completed. This analysis provided a
starting point on which all other indoor air quality effects were added. In
other words, the total environmental effects would be the sum of the baseline
effects and the additional effects resulting from the alternative chosen.

Quantitative estimates of health effects are made for HCHO, BaP, and radon in
this EIS. Health effects of other pollutants under the baseline condition are
also analyzed, but not quantitatively. The quantitative methodology used
assumes a no-threshold, linear relationship between health impact and pollutant
concentrations (dose-response). That is, any exposure to a pollutant, no mat-
ter how small, has a certain risk of health effect (no-threshold) and the level
of risk decreases in proportion to a straight line extrapolation of the risk
found at some higher concentration (linear relationship) (see Fig. 3.1).

This relationship defines the number of cancers that are expected to occur
given a certain pollutant concentration and the total number of people exposed.
Linear relationships are derived from occupational health studies. The relia-
bility of these relationships is limited in the analysis of indoor air quality
effects by several factors. Occupational study groups vary markedly from the
general population. For example, occupational study groups generally include
healthy adult males, whereas the general population includes the very old, the
very young, and the chronically ill.
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Another factor is that occupational study groups are also exposed to other
pollutants common to their work environment. Finally, ethnic and social back-
ground, and smoking history among the occupational groups differ from those of
the general population. Consequently, present knowledge of indoor air quality
health effects is incomplete, and therefore a substantial amount of uncertainty
exists regarding estimates.

For the Northwest, it is estimated that for an exposed population of

100,000 people, between 1/10 to 1 1/4 HCHO-induced cancers occur each year;
between 1/2 and 24 BaP-induced lung cancers occur each year; and between 1 and
9 radon-induced lung cancers occur each year.

Figure 1 is a graphical representation of these health effects for the base-
line condition. These effects occur whether or not BPA operates a weatheriza-
tion program. The range of health effects indicates the relative uncertainty
associated with the estimates.

Three major factors contributing to this uncertainty are 1) the predicted pol-
lutant concentrations found in residences, 2) the amount of exposure to occu-
pants, and 3) the dose-response function. All three factors are included in
the calculations of health effects. Only the first two are used to establish
the minimum and maximum values of health effects reported.

In the calculations, residences are assumed to have a range of pollutant emis-
sion rates, residence volumes, and air-exchange rates. The range covers the
conditions from the least pollutant emission rate, the largest residence volume
and the highest air-exchange rate (minimum value) to the condition of the larg-
est pollution emission rate, the smallest residence volume and the lowest air-
exchange rate (maximum value). These ranges also determine the amount of
exposure residents receive.

In addition to the minimum and maximum values of estimated health effects,
Figure 1 indicates what is being termed an average value of estimated health
effects (i.e., 0.2 HCHO-induced cancers, 2.6 BaP-induced cancers, and

2.5 radon-induced cancers). These average values are based on the assumption
that every house has what might be considered the most commonly occurring
pollutant emission rate, the most commonly occurring volume, and the most
commonly occurring exchange rate.

The third factor, the dose-response function, is also used in the calculations
of health effects; however, it is held constant. This is done not because this
value is characterized by a large degree of certainty, but because no informa-
tion is available concerning its variability. If some range was assumed for
the dose-response function, then the only change to health effects would be the
widening of the range currently presented. In other words, the minimum value
on Figure 1 would decrease and the maximum value would increase. This broader
range would indicate the true level of uncertainty that exists for the health
effects estimates. In addition, there would be no single health effect esti-
mate associated with the typical condition. However, using a constant dose-
response function should not adversely affect the comparative analysis per-
formed between the alternatives and mitigations in this EIS.
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FIGURE 1., TOTAL CANCERS ESTIMATED TO OCCUR EACH YEAR - Baseline
Condition per 100,000 exposed people

To obtain total health effects of any alternative or mitigation, its effects
must be added to the baseline effects, and that procedure is used in this docu-
ment. However, the reader is cautioned against giving too much weight to the
precise numbers that result from this procedure. These numbers should be
thought of as indications of relative increases or decrease in health effects.
The estimates should only be considered in relation to each other. From a sta-
tistical perspective, there is no way of assessing the likelihood of these
estimates because the data for such an assessment have not been collected.
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EFFECTS OF THE NO-ACTION ALTERNATIVE

Under the No-Action Alternative, installation of tightening measures would be
allowed only on residences that meet the inclusion criteria of the present pro-
gram. In other words, the BPA Residential Weatherization Program would con-
tinue as it is currently operating. The following environmental effects are
expected from the No-Action Alternative. All effects, positive and negative,
expected from the Proposed Action would be foregone.

Air Qualit Under the No-Action Alternative, the indoor air pollutant concen-
trations would not change in those residence ineligible to receive tightening
measures. They would increase in those residences receiving tightening mea-
sures under the present program or in excluded residences, which homeowners
tighten independently of a BPA program. (See Chapter 4 for the assumptions
used to estimate these values.)

The outdoor air quality under the No-Action Alternative may be affected through
the need for additional operation of electric generation plants. Approximately
105.7 annual megawatts (MW) of electric energy would be needed to compensate
for the foregone energy savings of the Proposed Action. If generating by ther-
mal power plants, more pollutants would be released by the powerplants into the
outdoor air. The outdoor air emissions due to the manufacture of tightening
measure components would not change, because no tightening measures beyond the
current demand would be needed.

Human Health Effects The No-Action Alternative would present the lowest risk
of health effects; that is, the expected health effects would remain the same
as expected in the absence of any weatherization plus what are estimated for
the present program. Currently, the national average lifetime risk of incur-
ring lung cancer is about 4.0%. (For illustration, we will assume the value is
exactly 4.0%.) Most of this risk stems from tobacco smoking. Of this total, a
small portion is attributed to indoor pollution levels. For this analysis, it
is estimated that 7% of all lung cancers are attributable to indoor pollution.
The present program is estimated to raise the average lifetime risk from 4.0%
to 4.0036%.

[f additional generation facilities are required, various occupational and
public health effects will occur. If energy is generated by coal, approxi-
mately 35 occupational and 3.3 public injuries are expected per year. Esti-
mated fatalities are 0.15 and 0.7 per year for the public and workers,
respectively.

Some sensitive individuals would be affected by estimated concentration levels
of HCHO, RSP, oxides of nitrogen, CO, and CO,, Also, there would be a small
increase in the number of people developing %ung cancer from existing levels of
BaP and radon, and a small increase in the number developing cancer from exist-
ing levels of HCHO. The small increase in cancers, or lung cancers, estimated
to develop are attributed to the present program. The remainder are due to
normal incidence levels (Figure 2).
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FIGURE 2, TOTAL CANCERS ESTIMATED TO OCCUR EACH YEAR - Baseline Condition,
Present Program, Proposed Action

Energy Only the additional energy savings from the present BPA program would
occur. Residences that do not meet the inclusion criteria would not be eligi-
ble to receive tightening measures so these conservation opportunities may be
foregone. Homeowners may install such measures on their own in response to
rising electrical rates or for other reasons. This would increase the amount
of energy saved but not at a rate comparable to the proposed program.

Socioeconomic and Institutional Effects Under the No-Action Alternative,
approximately 70% of the electrically heated residences in the region would
continue to be ineligible for tightening measures. Approximately 105.7 annual
average MW of energy would not be conserved. If this resulted in the construc-
tion and operation of new generation, the cost for such generation would be




approximately 60 mils (6¢) per kWh as opposed to less than 35 mils for the
proposed conservation measures. Approximately $1184.5 million would not be
used to purchase and install additional tightening measures. Approximately
30,205 installer years and associated potential jobs would be foregone.

A number of institutional barriers currently affect the utilities' attempts to
put the present BPA program into use. Of the possible weatherization measures,
the tightening measures are often the most appealing to consumers. Because
these measures are not available to all consumers, some utilites have been
reluctant to join the program. In addition, the Oregon legislature recently
passed a law (HB-2246) requiring Oregon utilities to provide consumers with all
cost-effective conservation measures. The Oregon Public Utility Commission
(PUC), in preparing regulations to carry out this mandate, did not exclude
those residences that are excluded by the present BPA program. The negative
institutional effects of BPA's limited program and its unacceptability to
program participants would continue under the No-Action Alternative.

Other Effects If new generation is required, the outdoor environment would be
affected. Most new generation sources affect land use and water quality. Up
to 2535 acres could be removed from use. Heat releases of up to 1.34 quadril-
lion Btu and up to 2.8 thousand tons of pollutants would be added to receiving
waters. All these processes could affect the environment and the food
resources of fish and wildlife. The actual effects would be site specific and
would have to be evaluated at the time of construction.

EFFECTS OF THE PROPOSED ACTION

The following effects would be expected as a result of the Proposed Action:

Air Quality The Proposed Action would increase concentrations of most indoor
air pollutants for all residences over the No-Action Alternative. The increase
in the concentrations from the No-Action Alternative to the Proposed Action is
about 30% for all residences (see Section 2.2). Approximately 1,209,000 resi-
dences could be tightened that are otherwise ineligible to receive measures
under the present program.

The Proposed Action would save 105.7 annual MW of electricity. If these sav-
ings reduce future power generation, then emissions to the ambient air would
also be reduced. The magnitude of this emission reduction would depend on the
future thermal generation sources displaced, such as coal or nuclear (see
Section 4.1). However, there would be some increase in emissions to the
ambient air from the increased production of the glass and aluminum industries,
but this would comprise a very small portion of the overall emissions of these
industries.

Human Health Effects: When a residence is tightened, the air exchange rate is
reduced, and concentrations of indoor air pollutants rise. This leads to
increased risks of health effects. However, the extent of these health effects
and our current ability to accurately estimate them are uncertain.
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Estimates of pollutant concentrations in an average residence are based on the
estimated reduction in the air exchange rate from tightening measures and on
the presence of a complete range of pollutant sources in that residence. For
the analysis, the average residence is assumed to have a wood stove, a gas
stove, a portable space heater (kerosene), one person who smokes, UFFI, well
water, and built slab-on-grade, or with a basement, or with an unventilated
crawl space. In reality, few residences, if any, have all of these charac-
teristics. Whether a residence would have the estimated pollutant levels is
unknown. Actual pollutant concentrations resulting from the program are prob-
ably less than the values reported. It should be noted that residences tight-
ened under the Proposed Action would still have higher average air exchange
rates, thus lower concentrations, than current newly constructed residences.

To determine the health effects from these various pollutant concentrations,
quantitative relationships between HCHO, BaP, and radon levels and cancer risk
are examined. These relationships are the best available for estimating health
effects, although they are not universally accepted. Regional health effects
for these pollutants are estimated by considering the fact that not all resi-
dences have all pollutant sources or need all tightening measures. For exam-
ple, approximately 84% of the single-family detached residences in the region
are assumed not to have domestic water supplied by a well. Therefore, esti-
mated radon concentrations in these residences are assumed to be lower than the
concentration estimated for the average residence (see Appendix I). Health
effects from other pollutants (RSP, oxides of nitrogen, CO, and CO,) are
compared to existing standards or guidelines and are not quantifieg. These
pollutants may cause various chronic health effects, such as eye and nose irri-
tations, but are not normally associated with cancer.

The Proposed Action is expected to result in the highest risk of health effects
of the five alternatives. Based on estimated pollutant concentrations, which
would result once all participating residences are completely tightened, less
than one (0.43) additional lung cancer per year per 100,000 exposed people
above the No-Action Level could occur from exposure to elevated levels of

BaP. Less than one (0.32) additional lung cancer per year per 100,000 exposed
people above the No-Action Level could result from exposure to elevated levels
of radon. In addition, less than one (0.04) additional cancer per year per
100,000 exposed people above the level estimated for the No-Action Alternative
could develop from elevated levels of HCHO. These estimated health effects
increase the regional lifetime risk of developing lung cancer from 4.0036%
(baseline plus present program) to 4.0235%. This increase is 6/10 of 1% above
the baseline cancer rate. Long term exposure to elevated pollutant concentra-
tions is necessary before estimated health effects could occur. See Figure 2
for a comparison of health effects between the baseline condition, the present
program, and the Proposed Action.

On an individual basis, the risk of developing lung cancer from elevated BaP
levels due to the Proposed Action is approximately the same as the risk of
developing lung cancer from smoking 1/10 to 1/3 cigarette per day. The risk of
developing lung cancer from elevated radon levels under the expanded program is




approximately equivalent to the risk of developing lung cancer from smoking 1/3
to 8/10 cigarette per day in most areas of the region and 8/10 to 2 cigarettes
per day in the high-radon areas of the region.

Some sensitive individuals could experience eye and nose irritation, breathing
difficulties, become exhausted more quickly, or experience headaches, dizzi-
ness, and nausea from elevated levels of RSP, oxides of nitrogen, CO, HCHO, and
CO0s. A1l of these effects, except for RSP and HCHO, are due primarily to high
po?]utant emissions from portable space heaters.

Ener The Proposed Action would save an estimated 105.7 average MW of elec-
trical energy annually. This amount of energy represents an estimated savings
of $37,000,000 per year for the consumers of the region, assuming 4¢/kWh
(4¢/kWh is a reference point and may not represent future electric rates). For
individual residences, it would allow annual savings, the magnitude of which
depends on the size of the residence, the measures installed, and the local
climate.

Socioeconomic and Institutional Effects The Proposed Action would require
$1184.5 million for the purchase and installation of tightening measures. This
figure is the sum of costs that would be covered by the current BPA financing
mechanism and any homeowner contribution. The levelized cost of the energy
saved is estimated to be 31.2 to 41.1 mills/kWh for the region. The home-
owner's contribution is estimated to range from 13.4 to 23.3 mills/kWh. The
Proposed Action would require an additional 30,205 installer years over the
present program.

The BPA cost to help finance conservation measures under the Proposed Action is
estimated to be less than 35 mills/kWh., The cost for building and operating
new generation is approximately 60 mills/kWh (see Section 4.4.1).

The Proposed Action would be more consistent with and reduce existing conflicts
with other conservation programs in the region that provide a full range of
weatherization measures. This would make the program more acceptable to, and
consistent with, utilities, homeowners, and energy conservation-related laws
(i.e., Oregon HB-2246).

Other Uses By decreasing annual electrical demand, the Proposed Action could
lessen the existing and future demand on generating resources. If that were
the case, the effects of electrical generation on fish, wildlife, and water
quality would be reduced. If planned construction of new generation plants is
eliminated, effects to the above areas and land use would be further reduced.

MITIGATIONS

The health effects estimated for the Proposed Action could be reduced by the
application of mitigations (i.e., either Mitigation-By-Exclusion or Mitigation-
By-Action). See Figure 3 for an overview of health effects associated with the
mitigations.
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Seven Mitigations-By-Exclusion are evaluated. Under these mitigations, resi-
dences with a particular identifiable source of indoor air pollutants or
specific residence types would be ineligible to receive tightening measures.

The mitigations are 1) excluding residences with UFFI; 2) excluding residences
with unvented combustion appliances; 3) excluding residences built slab-on-
grade, with a basement, or with an unventilated crawl space; 4) excluding
residences served by well water; 5) excluding residences with wood stoves;

6) excluding mobile homes; or 7) excluding apartments.

If mobile homes, or residences with UFFI are removed from the Proposed Action,
the estimated number of additional lung cancers from elevated HCHO, BaP, or
radon exposure would remain very nearly the same as for the Proposed Action.
A1l other environmental effects would also remain nearly the same as the Pro-
posed Action. This is because only a small percent of residences in the region
currently have UFFI (see Appendix I), and electrically heated mobile homes make
up a small percentage of the total housing stock.

Excluding residences with unvented combustion appliances, mainly portable space
heaters, would significantly reduce the risk of health effects from elevated
levels of oxides of nitrogen, CO, and CO,, A1l other environmental effects
would remain substantially the same as tﬁe Proposed Action.

If residences with basements, residences built slab-on-grade, or residences
with unventilated crawl spaces are eliminated from the Proposed Action, the
number of estimated additional lung cancers from elevated radon exposure would
be reduced from 0.32 to 0.04 per year. However, under this mitigation, the
amount of energy saved is reduced from 105.7 to 52.1 annual average MW; overall
program costs go from $1184.5 to $450.3 million, and about 19,000 installer
years (see Glossary) would be lost.

The exclusion of residences with well water for their domestic water supply
would essentially be the same as the Proposed Action for health effects.
Reductions in energy savings from 105.7 to 92.0 annual MW and overall program
costs from $1184.5 to $980.4 million, and loss of about 4,400 installer years
would occur.,

If residences with wood stoves are eliminated from the Proposed Action, the
number of estimated additional lung cancers from elevated BaP exposure would be
greatly reduced. However, the amount of energy saved is reduced from 105.7 to
72.0 annual average MW. Overall program costs would also be reduced from
$1184.5 to $698.6 million with a loss of about 12,000 installer years. The
elimination of apartments from the Proposed Action would reduce the estimated
occurrence of lung cancers from BaP and radon. The energy savings would be
reduced from 105.7 to 92.7 annual MW. In addition, overall program costs would
decrease from $1184.5 to $1036.4 million with a loss of 4000 installer years.
Four Mitigations-By-Action are evaluated. The first three mitggations are

1) formaldehyde monitoring (proposed acceptable level 480 ug/m”), 2) requiring

AAHXs for residences with wood stoves, and 3) radon monitoring [acceptable
level 3 picoCurie per liter (pCi/2) (see Glossary)]. Under two of these
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MITIGATIONS-BY-EXCLUSION

1 = EXCLUDING RESIDENCES WITH UREA-FORMALDEHYDE FOAM INSULATION

2 = EXCLUDING RESIDENCES WITH UNVENTED COMBUSTION APPLIANCES

3 = EXCLUDING RESIDENCES BUILT SLAB-ON-GRADE, WITH BASEMENTS, OR WITH UNVENTILATED CRAWL SPACE
4 = EXCLUDING RESIDENCES SERVED BY WELL WATER

5 = EXCLUDING RESIDENCES WITH WOOD STOVES

6 = EXCLUDING MOBILE HOMES

<7 = EXCLUDING APARTMENTS

FIGURE 3.

MITIGATIONS-BY-ACTION

1 = PROVIDE AIR-TO-AIR HEAT EXCHANGER TO RESIDENCES WITH MEASURED FORMALDEHYDE
LEVELS EXCEEDING 480 MICROGRAMS PER CUBIC METER (ug/m®), OR 0.4 PARTS PER MILLION (ppm)

2 = PROVIDE AIR-TO-AIR HEAT EXCHANGER TO RESIDENCES WITH WOOD STOVES

3 = PROVIDE AIR-TO-AIR HEAT EXCHANGER TO RESIDENCES WITH MEASURED RADON LEVELS
ABOVE 3 PICOCURIES PER LITER (pCi/f)

4 = PROVIDE BOOKLET ON DETRIMENTAL EFFECTS OF INDOOR AIR POLLUTION IN A TIGHTENED
HOUSE

TOTAL CANCERS ESTIMATED TO OCCUR EACH YEAR - Formaldehyde, Benzo-[a]-Pyrene, Radon







mitigations, formaldehyde monitoring and radon monitoring, high risk residences
are identified through monitoring for the specific pollutant of concern. Each
residence with concentrations above the acceptable level and therefore with a
higher than normal risk of health impact would be provided an AAHX. By doing
this, the air exchange rate after tightening would be substantially increased
with minimal heat loss and individual risk to the occupants; thus, the total
regional cumulative risk would be reduced. For example, providing AAHXs to
residences with measured radon levels exceeding 3 pCi/% is estimated to reduce,
on a cumulative basis, the additional lung cancers developing from elevated
radon levels from 0.32 each year for the Proposed Action to 0.29 each year for
every 100,000 exposed people.

Regional energy savings for this action would be reduced by 0.4 MW from that of
the Proposed Action. If AAHXs were installed in all residences with a wood
stove that are receiving tightening measures, the estimated total additional
lung cancers from elevated BaP exposure would be significantly reduced from the
value estimated under the Proposed Action. The regional energy savings from
this action would be the lowest of the Mitigations-By-Action considered because
of the number of AAHXs and the fact heat exchangers are approximately 75%
efficient.

For the three Mitigations-By-Action noted above, the overall program costs
would increase due to the purchase and installation of heat exchangers ($550 to
$1350 per unit). The actual additional cost for these mitigations would depend
on the number and type of heat exchangers required.

The other Mitigation-By-Action (No. 4) provides an informational booklet on
indoor air quality to occupants of residences that receive tightening
measures. The booklet includes information on indoor air pollutants, their
potential health effects, ways to monitor pollutant levels, ways to reduce
them, and reference sources where more information is available.

EFFECTS OF THE DELAYED ACTION ALTERNATIVE

The Delayed Action Alternative allows time (3 to 5 years) to gather more infor-
mation on which a final decision--whether to expand the present program--could
be based. Two different patterns might develop through the Delayed Action.
First, there may be no additional information developed that would change the
present estimated risk of health effects. If so, this alternative could pre-
sent the same risk of health effects as the Proposed Action, and the delay
could result in a cost to the consumer. The types of studies necessary to
understand the relationship between pollutant concentrations and health risks
could take 20 to 40 years to complete with no guarantee of substantially reduc-
ing the uncertainty. Second, the prediction of the risks of health effects
might be improved through research on indoor air quality. In addition, other
studies might provide information that could help prevent adverse effects and
result in technological developments that could provide new mitigation tech-
niques. However, any delay would be accompanied by adverse effects from
reduced energy savings, increased generation, and the cost of the research.
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EFFECTS OF THE ENVIRONMENTALLY PREFERRED ALTERNATIVE

Under this alternative, installation of tightening measures would be allowed in
all residences along with an AAHX. This would allow the present program to be
expanded, but also ensure that no additional environmental effects would

occur. The following effects would be expected as a result of implementing
this alternative.

Air Quality Since AAHXs would be provided to all residences participating in
the program, estimated indoor air quality levels would be similar to those
estimated for the No-Action Alternative.

Human Health Effects Under this alternative health effects would be similar to
those estimated under the No-Action Alternative. Any expected health effects
would be those occurring prior to installation of the tightening measures plus
any occurring under the present program.

Energy Energy savings would occur, since a large portion of the residences in
the region would be eligible to receive tightening measures. However, because
of the energy required to operate the AAHXs, the amount will be less than
estimated for the Proposed Action. A savings of 87.4 annual MW is expected.
This is approximately 15% less energy savings compared to the Proposed

Action.

Socioeconomic and Institution Effects Under this alternative about 70% of the
electrically heated residences in the region would be eligible to receive
tightening measures. Depending on whether a residence would need a window
mounted or whole house AAHXs, the cost of this alternative would be from $565.2
to $1387.3 million in addition to the cost estimated for the Proposed Action.
This additional cost would be for purchase and installation of the AAHXs.
Approximately 30,205 installer years and associated potential jobs would be
required to install the tightening measures. In addition, an unknown amount of
additional installer years would be required for installation of the AAHXs.

This alternative would lessen existing conflicts with other conservation pro-
grams in the region that provide a full range of weatherization measures. This
would make the entire program more acceptable to, and consistent with, utili-
ties, homeowners, and energy conservation-related laws.

Other Uses By decreasing annual electrical demand, this alternative could
lessen the existing and future demand on generating resources. If that occurs,
the effects of electrical generation on fish, wildlife, and water quality would
be reduced. If planned construction of new generation plants is eliminated,
effects to the above areas and land use would be further reduced.

EFFECTS OF THE BPA PREFERRED ALTERNATIVE

Under this alternative all residences would be eligible to receive tightening
measures. A booklet on the detrimental effects of indoor air pollution in
tightened residences will be provided to all homeowners participating in the
program. In addition, the homeowner would have a choice regarding radon
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monitoring. If monitoring is chosen (see Section 2.18) and the result is above
an Action Level established by BPA, then a financial incentive will be avail-
able to the resident to help cover the cost of the mitigation (AAHXs). This
alternative offers the maximum flexibility in expanding the BPA Residential
Weatherization Program by offering tightening measures to all electrically
heated residences and providing a consumer choice regarding increased health
effects. The latter was included because radon is something new to most home-
owners, and they have no control of emissions into their residence. It is
estimated that 85% of those who would participate in the expanded program would
request monitoring. Of those residences monitored, about 6% are expected to
need AAHXs. Most of those residences estimated to need AAHXs would be in the
high-radon areas of the region. Those occupants with the largest individual
risk of health effects due to radon exposure would receive the most appropriate
mitigation measures. Program funds are then not spent on mitigation measures
for the residences that have the lowest risk of health effects.

Air Quality Those residences that receive AAHXs would have air quality levels
similar to that estimated for the No-Action Alternative. For those residences
that do not request monitoring or request monitoring but have radon concentra-
tion levels below the BPA Action Level, the estimated air quality levels will
be similar to that estimated for the Proposed Action Alternative.

Human Health Effects A large majority of the residences with the highest risk
of health effects will receive a mitigation measure. Therefore, the resulting
regional health effects will be less than that estimated for the Proposed
Action. The reduction is expected to be larger than given in this EIS because
the regional health effects model 1is based on an average radon concentration
for different residence type. If the calculation was based on an actual
distribution of concentrations, lower health effects would result.

Individual health effect risks would be similar to those estimated for either
the No-Action or Proposed Action Alternatives, depending on whether or not a
residence obtained an AAHX.

Energy This alternative would save an estimated 104.5 average MW of electrical
energy annual. This amount is similar to that estimated for the Proposed
Action, but slightly reduced to account for the power penalty associated with
the number of installed AAHXs. Homeowners receiving the tightening measures
would have low electrical bills, the amount of savings depending on the size of
the residence, the actual measures installed, and the local climate.

Socioeconomic and Institutional Effects This alternative would require from
$76.6 to $130 million in addition to the cost for the Proposed Action. This
additional cost is for purchase and installation of AAHXs. The actual cost
would depend on whether a residence required a window or whole house AAHX.
This alternative would require at least an additional 30,205 installer years
over the present program.

This alternative would lessen existing conflicts with other conservation pro-
grams in the region that provide a full range of weatherization measures. It
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would allow the consumer a choice regarding radon monitoring. This would make
the total program more acceptable to, and consistent with, utilities, home-
owners, and energy conservation-related laws.

Other Uses By decreasing annual electrical demand, this alternative could
lessen the existing and future demand on generating resources. If this occurs,
the effects of electrical generation on fish, wildlife, and water quality would
be reduced. If planned construction of new generation plants is eliminated,
effects to the above areas and land use would be further reduced.

AREAS OF CONTROVERSY

Areas of controversy are topics over which substantial disagreement exists and
which may not be easily resolved. For this EIS, such areas come from the lack
of data, the interpretation of the available data, concern expressed at public
meetings, or by responses to the EA for the present program.

Health and Safety Research into the biological effects of human exposure to
lTow levels of pollutant concentration is just beginning to provide meaningful
results. A relationship between pollutant concentrations and the risk of
health effects is under study for only certain pollutants. For the other
pollutants, no health risk relationship has been quantified. Another area of
controversy is the inability to adequately predict pollutant concentrations in
various residence types. The factors that affect concentrations, namely pollu-
tant emission rates and air exhange rates, vary from residence to residence and
vary with time of day and time of year. Thus, the confidence of the predic-
tions concerning the risk of health effects is less than ideal.

Program Participation Estimates of regional energy savings and of risk of
health effects are based on an assumed level of penetration. If fewer resi-
dences participate in the Proposed Action, the total energy savings would be
smaller. The risk of health effects would also be less. The estimates of
penetration are based on optimistic projections. However, little experience
in public participation in conservation programs and resulting energy savings
exists.

Economic Effects The individual and total energy savings are based on
estimated reductions in the air exchange rate in average residences and in the
subsequent reductions in energy loss from these residences. Whether a resi-
dence would experience this actual reduction in energy use is a subject of
controversy. Instead, personal habits and use cycles may dominate actual
energy savings.

Institutional Effects Because of its restrictions, the present program is

inconsistent with many other conservation programs being implemented in the
region. If the Proposed Action is not implemented, the full potential of these
programs may never be realized. To what extent this conflict affects the other
programs and reduces their effectiveness is unknown.,

Need for the Program The Regional Act requires BPA to meet future load growth
by acquiring cost-effective resources. Among those resources determined to be




cost-effective, conservation must be considered first. Currently, BPA fore-
casts a load surplus until the late 1980s or early 1990s. The forecast is the
basis for future load growth planning. The forecast, which will be reviewed
annually, has been criticized as both underestimating and overestimating load
growth. However, the future need for power and the role of conservation in
meeting future load growth is uncertain.

Issue to be Resolved The major issue to be resolved is whether estimated

energy savings resulting from the proposed Expanded Residential Weatherization
Program would offset the estimated environmental effects.

Any decision should be based on a comparison of the effects on the human
environment, program cost, economic effects (including ultimate cost to the
consumer), and risks of health effects as presented in the EIS. Therefore, BPA
must decide whether or not to expand the present program (with or without miti-
gation) to provide tightening measures to all eligible electrically heated
residences with a resulting possibility of risk of health effects, or to delay
the program so various studies can be completed.

LIMITATIONS OF RESULTS

The estimates in this EIS of the environmental effects associated with the
alternatives and the mitigations are based on the best available data, analy-
ses, and modeling techniques. Because there is no way to ensure that these
estimated effects would occur, an estimated range of effects is usually given.
Because new data are continually being acquired and new modeling techniques
developed, the reader is cautioned not to place excessive confidence in the
estimated absolute values of the effects. The relative and comparative values
for each alternative and mitigation have greater meaning. The techniques used
to estimate the cumulative regional health effects have only recently been
proposed and have yet to be totally accepted by the scientific community. They
are, however, the best available techniques to estimate regional health
effects.
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1.0 PURPOSE AND NEED FOR ACTION

The underlying need to which Bonneville Power Administration's (BPA's) proposed
Expanded Residential Weatherization Program responds is the need for an ade-
quate, reliable, economical, and efficient electric energy supply. BPA pro-
poses to expand the present Residential Weatherization Program in order to
conserve energy and help to meet this need.

The Pacific Northwest Electric Power Planning and Conservation Act (Regional
Act) requires BPA to fund cost-effective energy resources to meet or reduce the
electric power demand of the consumers of its utility customers. Under the
Regional Act, conservation is considered the same as any other energy resource,
although, cost-effective conservation is given first priority over all other
resources. For the first time since 1977, the load forecast predicts an energy
surplus through the 1980s. At the same time, however, questions about the com-
pletion of the Washington Public Power Supply System nuclear plants now under
construction have created uncertainty about the availability of resources to
serve the future loads.

To have sufficient cost-effective conservation in place for the projected defi-
cits of the 1990s, it is necessary for BPA to begin acquiring the resource

now. The proposed Expanded Residential Weatherization Program will achieve its
energy savings in increments, house by house, and will not reach maximum sav-
ings until completion of the 10-year program implementation. Therefore, the
proposed expanded program has to be started now so that BPA can ensure it main-
tains an adequate, reliable, economical, and efficient electric energy supply
in the 1990s. In addition, because the energy savings come about incrementally
over the 10-year program life, the proposed expanded program would serve as
insurance against an unexpected deficit in the 1980s.

In order to obtain the energy savings possible through weatherization, it is
vital that a program be offered in a form that is practical and acceptable to
participants. The Proposed Action described in this Environmental Impact
Statement (EIS) is intended to offer a complete weatherization program to all
eligible homes so that participation in the program and the resulting energy
savings are maximized.

The purposes of the Proposed Action are as follows:
e to obtain cost-effective reductions in electrical loads
- Cost-effectiveness is a requirement of the Regional Act
§6(a)(1), which references §4(e)(1l) (priority for cost-effective
conservation).

® to use proven, commercially available weatherization technologies

- BPA will only include in its program those weatherization
technologies that are proven and commercially available.
Measures that are proven help assure that the energy savings




attributed to them are realized. Commercially available mea-
sures are less costly and more readily available for installa-
tion than those that are still being developed. Also, under
§3(4)(A) of the Regional Act, this is part of the cost-effective
determination.

e to provide efficient delivery of weatherization measures by using existing
government and private sector networks

- This is done to quickly implement conservation programs and
comply with the requirements of the Regional Act §6(e)(2).

e to protect public health and welfare while carrying out the program.
- This is a policy of BPA that is founded in its Mission Statement

and obligations under the National Environmental Policy Act and
Regional Act.










2.0 COMPARISON OF ALTERNATIVES

The environmental effects associated with the proposed expanded BPA Residential
Weatherization Program and alternatives are compared in this chapter. The
alternatives are as follows:

No-Action Alternative (Section 2.1)

Proposed Action Alternative (Section 2.2)

Delayed Action Alternative (Section 2.17)

. Environmentally preferred alternative (Section 2.18)
. BPA Preferred Alternative (Section 2.19)

O wnNn
.

The alternatives involve the installation of air-infiltration reducing, or
tightening measures, on all eligible electrically heated residences currently
unable to receive these measures. Four residence types are examined in this
Environmental Impact Statement (EIS): 1) apartments, 2) mobile homes,

3) single-family attached, and 4) single-family detached. Low income resi-
dences are included in these various types.

In addition, several mitigations are evaluated in this chapter that could be
applied to the Proposed Action Alternative to reduce its environmental effects
(Sections 2.3 through 2.16). The environmental effects of one new weatheriza-
tion measure -- house-doctoring -- are discussed in Section 2.20. This discus-
sion is included so that this measure, if determined to be appropriate, could
be added to the program at a later date.

The alternatives and mitigations are compared in five areas:

Air Quality

Health Effects

. Energy Saved

. Socioeconomic and Institutional Effects

. Other Effects (land use, fish and wildlife, and water quality)

P> whnh-

A summary of the environmental analysis is given in Table 2.1 and Figure 2.1.
The table presents in comparative form the five alternatives and the 11 miti-
gations considered in this analysis. The columns of the table are the alter-
natives and mitigations. The rows of the table describe the environmental
effects or portion of the environmental effects evaluated under each alterna-
tive and mitigation. The No-Action Alternative includes effects that may occur
in the absence of expanding the present BPA Residential Weatherization Program
(present program) and effects associated with the present program (see Sum-
mary). Under the Proposed Action and the various mitigations, the additional
environmental effects are indicated. In other words, to obtain the total
effect of the Proposed Action, the effects for the No-Action Alternative should
be added to those of the Proposed Action. Likewise, to determine the total
effect of the Proposed Action with a specific mitigation, the effects of the
No-Action Alternative should be added to those shown for the mitigation being
considered.

If the change or difference between the Proposed Action and a particular miti-
gation is desired, then the effects of the mitigation should be subtracted from
the Proposed Action effects. However, if more than one mitigation is being
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Health
Effects of (3)

Formaldehyde(b)
(HCHO)

Benzo-(a)-Pyrene
(BaP)(b)

Radon (Rn)(b)

Respirable
Suspended
Particulate (RSP)
Matter

Oxides of
Nitrogen (NOx)

Carbon
Monoxide (CO)

Carbon
Dioxide (CO?)

TABLE

2.1.

Summary of Environmental Impacts

No-Action Proposed Action with Mitigations-By-Exclusion Proposed Action with Mitigation-By-Action EnVlPrrC:el'f’::reer:thly p,gz:\,ed
Baseline Present Program Proposed Action 1* 2* 3 4* 5* 6* 7* 1° 20 3. 40t Delayed Action Alternative Alternative
0.2 cancers .003 additional .04 additional .03 additional Less than Less than Less than Less than .01 additional .03 additional No additional No additional No additional Unknown Depends on Similar to Slightly less than
range: cancer (range: cancer above cancer above Proposed Action Proposed Action Proposed Action Proposed Action  cancer above cancer (range: cancer above cancer above cancer above action chosen No-Action Proposed Action
(.01 to 1.25) .0004 to .01) No-Action (range: No-Action (range: No-Action .001t0.12) No-action No-Action No-Action
.002 to .28) .0011t0.19) (range: .0011t0.12)
2.6 lung cancers .04 additional lung .43 additional lung Less than Same as Less than Less than .002 additional .34 additional 0.4 additional Same as .002 additional 0.34 additional Unknown Depends on Similar to Slightly less than
(range: cancer (range: cancers above Proposed Action  Proposed Action Proposed Action Proposed Action lung cancer above lung cancers lung cancers Proposed Action  lung cancers lung cancers action chosen No-Action Proposed Action
47 t0 24.4) .006 to .34) No-Action (range: No-Action (range: above No-Action above No-Action above No-Action  above No-Action
.06 to 3.97) .0004 10 .02) (range: .05t0 2.9) (range: (range: .0004 (range: .05to 3.1)
0510 3.8) to.02)
2.5 lung cancers .004 additional .32 additional lung 0.3 additional Same as .04 additional 0.2 additional .02 additional .27 additional lung 0.2 additional Same as 0.16 additional 0.29 additional Unknown Depends on Similar to 0.23t0 032
(range: lung cancer cancers above lung cancers Proposed Action lung cancer lung cancer lung cancer cancers above lung cancers Proposed Action lung cancers lung cancers action chosen No-Aciion additional tung
1310 9.4) (range: No-Action (range: above No-Action above No-Action above No Action above No-Action  No-Action above No-Action above No-Action  above No-Action cancers per year per
.001 to .04) .041t03.7) (range: (range: (range: (range: (range: .02to (range: (range: (range: 100,000 people,
.03t0 3.6) .0210 .34) .002to 1.6) .002t0 .25) 1.6) .03t0 3.0) .02to 2.0) .03t0 29 depending on the
Action Level
chosen(C) (Range:
.03t037)
Nonsmokers may  Slight increase in ~ Nonsmokers may  Same as Same as Same as Same as Same as Same as Same as Proposed Less than Proposed Same as Residences with Unknown Depends on Similar to (d)
experience eye impacts to non- experience Proposed Action Proposed Action Proposed Action Proposed Action Proposed Action Proposed Action Action Action in some No-Action for air-to-air heat action chosen No-Action
and nose irritation smokers reduced breathing single-family residences with exchangers less
capacity attached resi- wood stoves. For  than No-Action.
dences. Same as others same as Others are same as
Proposed Action  Proposed Action  Proposed Action
for others
Sensitive indi- No health effects  Sensitive Same as No health effects Same as Same as Same as Same as Same as Proposed Less than Proposed Same as Residences with Unknown Depends on Similar to (d
viduals may have  expected individuals may Proposed Action  expected Proposed Action Proposed Action Proposed Action Proposed Action Action Action in some No-Action for air-to-air heat action chosen Mo-Action
trouble breathing have trouble single-family residences with exchangers less
breathing attached resi- woodstoves. For  than No-Action.
dences. Same others same as Others are same as
as Proposed Action Proposed Action  Proposed Action
for others
Sensitive indi- No health effects  Sensitive Same as existing No health effects Same as Same as Same as Same as Same as Proposed Less than Proposed Same as Residences with Unknown Depends on Similar to (dh
viduals may expected individuals may program expected Proposed Action Proposed Action Proposed Action Proposed Action Action Action in some No-Action for air-to-air heat action chosen No-action
become become single-family residences with exchangers less
exhausted more exhausted more attached resi- wood stoves. For  than No-Action
quickly quickly dences. Same as others same as Others are same as
Proposed Action  Proposed Action  Proposed Action
for others
Sensitive individ-  No health effects  Sensitive Same as No health effects Same as Same as Same as Same as Same as Less than Same as Residences with Unknown Depends on Similar to
uals may experi- expected individuals may Proposed Action  expected Proposed Action Proposed Action Proposed Action  Proposed Action  Proposed Action Proposed No-Action air-to-air heat action chosen Mo-Action
ence headaches experience Action’in some for residences exchangers less
and dizziness headaches with wood stoves.

(a) See Section 4 for the indoor sources of these pollutants.
(b) To obtain the individuals difference in health effects between the Proposed Action and any specific mitigations, subtract the total effect of Mitigation from the total effect of the Proposed Action. Caution - the
individual differences cannot be added. Values are cancers per year per 100,000 people.
(c) 0.23,0.29, 0.30, 0.31, and 0.32 are the average health effects for Action Levels 2, 3, 4, 5, and 10 pCi/, respectively.
(d) Same as No-Action or Proposed Action, depending on whether an air-to-air heat exchanger was installed or not.
*1 = excluding residences with urea-formaldeyde foam insulation.

*2 = excluding residences with unvented combusion appliances.

*3 = excluding residences built slab-on-grade, with basements, or with unventilated crawl space.

*4 = excluding residences served by well water.
*5 = excluding residences with wood stoves.

*6 = excluding mobile homes.
*7 = excluding apartments.

**1 = provide air-to-air heat exchanger to residences with measured formaldehyde levels exceeding 480 micrograms per cubic meter (#g/m?), or 0.4 parts per million (ppm).

2= provide air-to-air heat exchanger to residences with wood stoves.

3 = provide air-to-air heat exchanger to residences with measured radon levels above 3 picocuries per liter (pCl/t).

4 = provide booklet on detrimental effects of indoor air pollution in a tightened house.

and dizziness

single-family
attached resi-
dences. Same as
Proposed Action
for others

For others same as
Proposed Action

than No-Action
Others are same as
Proposed Action
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tligible
Residences

Exposed
Population

Energy

Cost, $(b)

Total cost

Levelized cost

per residence

TABLE 2.1.

(contd)

No-Action Proposed Action with Mitigations-By-Exclusion
Baseline Present Program Proposed Action 1* 2* 3+ 4* 5 6* 7*
1.5 million 327 thousand 1,209 thousand 1,174 thousand 1,186 thousand 449 thousand 782 thousand 786 thousand 983 thousand 959 thousand
4.1 million 875 thousand 3.2 million 3.1 million 3.2 million 1.2 million 2.1 million 2.1 million 2.6 million 2.6 million

Average load of
17,500 MW in 1981-
1982

740 MW by 1995

acres permanently

469 million acre-

effluent and 410

Socio- Price-induced

economics conservation
to save about

Land use 98.5 thousand
lost

Water

quality ft of water
withdrawn. 24.8
million tons of
quadrillion Btu
not released

{a) BPA 1981a.

Savings of 191
annual Mw(a)

550 million(a)

Less than
Proposed Action

About 80% of cost
paid by BPA

4,582 acres not
lost

2.4 thousand acre-
ft of water not
withdrawn, 5.1
thousand tons of
effluent and 12.5
quadrillion Btu
heat not released

(b) Total cost. Part will be covered by BPA.
(c) Depends on whether wall unit or whole house unit is required.
*1 = excluding residences with urea-formaldehyde foam insulation.
2 = excluding residences with unvented combustion appliances.
3 = excluding residences built slab-on-grade, with basements, or with unventilated crawl space.
4 = excluding residences served by well water.
5 = excluding residences with wood stoves.
6= excluding mobile homes.
7 = excluding apartments.
**1 = provide air-to-air heat exchanger to residences with measured formaldehyde levels exceeding 480 micrograms per cubic meter (ug/m3), or 0.4 parts per million (ppm).
2= provide air-to-air heat exchanger to residences with wood stoves.
3 = provide air-to-air heat exchanger to residences with measured radon levls above 3 picocuries per liter (pCi/1).
4 = provide booklet on detrimental effects of indoor air pollution in a tightened house.
(d) Range based on cost for window or whole house unit.

Savings of 105.7
annual MW in
addition to existing
program (range:
84.8 to 166.5)

1,184.5 million
over No-Action
(range : 843.9
to 1,569.3)

13.4t0 233
Mills/kWh

30,205 installer
years required
above No-Action

2,535 acres not
lost above
No-Action

1.34 thousand acre-
ft of water not
withdrawn, 2.8
thousand tons of
effluents and 7.0
quadrillion Btu

not released above
No-Action

Savings of 102.8
annual MW in
addition to existing
program (range:
82.710 161.3)

1,142.9 million
over No-Action
(range: 813.8
to 1,514.5)

Same as
Proposed Action

29,144 installer
years required
above No-Action

Slightly less than
Proposed Action

Slightly less than
Proposed Action

Savings of 104.3
annual MW in
addition to existing
program (range:
83.7 t0 164.0)

1,161.8 million
over No-Action
(range: 827.8
to 1,539.2)

Same as
Proposed Action

29,626 installer
years required
above No-Action

Same as
Measure #1

Same as
Measure #1

Savings of 52.1
annual MW in
addition to existing
program (range:
44.0to 73.4)

450.3 million over
No-Action (range:
315.9 to 598.9)

Same as
Proposed Action

11,483 installer
years required
above No-Action

926 acres not lost
above No-Action

0.66 thousand acre-
ft of water not
withdrawn, 1.0
thousand tons of
effluent and 2.6
quadrillion Btu

not released

above No-Action

Savings of 92.0
annual MW in

addition to existing

program (range:
75.2to 142.5)

980.4 million over
No-Action (range:

698.5 to 1,299.0)

Same as
Proposed Action

25,798 installer
years required
above No-Action

2,148 acres not
lost above
No-Action

1.16 thousand acre-

ft of water not
withdrawn, 2.4
thousand tons of
effluents and 6.0
quadrillion Btu
not released
above No-Action

Savings of 72.0
annual MW in
addition to existing
program (range:
61.1 to 107.5)

698.6 million over
No-Action (range:
473.2t0 927.2)

Same as
Proposed Action

17,814 installer
years required
above No-Action

1,646 acres not
lost above
No-Action

0.91 thousand acre-
ft of water not
withdrawn, 1.9
thousand tons of
effluents and 4.5
quadrillion Btu

not released

above No-Action

Savings of 99.8
annual MW in
addition to existing
program (range:
79.9 to 155.9)

1,031.7 million over
No-Action (range:
746.1 to 1,361.3)

Same as
Proposed Action

26,308 installer
years required
above No-Action

2,361 acres not
lost above
No-Action

1.26 thousand acre
ft of water not
withdrawn, 2.7
thousand tons of
effluents and 6.5
quadrillion Btu
not released
above No-action

Savings of 92.7
annual MW in
addition to existing
program (range:
73.0to0 1451 )

1,036.9 million
over No-Action
(range: 738.9
to 1,372.9)

Same as
Proposed Action

26,441 installer
years required
above No-Action

1,799 acres not
lost above No-
Action

1.17 thousand
acre-ft of water
not withdrawn,
2.0 thousand tons
of effluents and
5.0 quadrillion
Btu not released
above No-Action

Proposed Action with Mitigation-By-Action

qee

20

3.

4o

Delayed Action

Environmentally
Preferred
Alternative

BPA
Preferred
Alternative

1,209 thousand

3.2 million

Savings of 105.6
annual MW in

1,209 thousand

3.2 million

Savings of 98.8
annual MW in

addition to existing addition to existing

program

20 to 25 million
over Proposed
Action(€)

13.6t0 238
Mills/kwh

Increase installer
years over
Proposed Action

Less than
Proposed Action

Less than
Proposed Action

program

250t0 614
million over
Proposed Action(€)

16.2t0 35.4
Mills/kwh

Increase installer
years over
Proposed Action

Less than
Proposed Action

Less than
Proposed Action

1,209 thousand

3.2 million

Savings of 105.3
annual MW in
addition to existing
program

108.5t0 202.6
million over
Proposed Action(¢)

14.6t0 27.3
Mills/kWh

Increase installer
years over
Proposed Action

Less than
Proposed Action

Less than
Proposed Action

1,209 thousand

3.2 million

Same as
Proposed Action

Same as
Proposed Action

Same as
Proposed Action

Same as
Proposed Action

Same as
Proposed Action

Same as
Proposed Action

2.5

Unknown

Creater than
3.2 million

Depends on
action chosen

1,184.5 million
above Mo-Action
(or less depending
on actions chosen)
plus cost of
research

Lnknown

Dependson
action chosen

Depends on
action chosen

Depends on
action chosen

Same as Proposed
Action

3.2 million

Savings of 87.4
annual MW in
addition to existing
program

565.2t0 1,387.3
million over
Proposed Action(d)

19.8t0 50.6
Mills/kWh

Increased installer
years over
Proposed Action

183to0 2,104 acres
not lost depending
on whether the
displaced fuel is
nuclear or coal

1.11 thousand o
7.1 million acre-ft
of water not
withdrawn
(depending on tvpe
of fuel), 2.3
thousand tons of
effluents and 4.2 to
5.8 quadrillion Btu
not released
(depending on the
type of fuel)

Same as Proposed
Action

3.2 million

Savings of 104.5
annual MW in
addition to
existing program

76.6t0 130
million over
Proposed Actiond!

14310 259
Mills/kwh

Increased installer
vears over
Proposed Action

Very similar
to Proposed Action

Very similar to
Proposed action
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considered, the differences obtained for the mitigation considered should not
be added to determine the total effect. If this is done, then errors due to
double counting could result.

The analysis presented is more intensive in the areas of air quality and health
effects than in other areas. These areas were identified during the public
scoping process to be the most important when evaluating house tightening on a
regional basis.

Because pollutant emission rates, residence volumes, and air-exchange rates can
vary, ranges are given for those health effects that are quantifiable [i.e.,
formaldehyde, (HCHO), benzo-[a]-pyrene (BaP), and radon (Rn)]. These ranges
cover the conditions from least pollutant emission rate, largest residence
volume and highest air exchange rate (minimum value) to the condition of
largest pollutant emission rate, smallest residence volume and lowest air-
exchange rate (maximum value) (for more detail, see Section 4.1).

This range of values also encompasses the variation in air exchange reductions
caused by the various tightening measures. For example, the air infiltration
reduction for storm windows is assumed to be about 11 percent. In reality, the
actual reduction could vary above or below this value.

Estimated concentrations of HCHO, BaP, and radon (see Sections 4.1 and 4.2)
were used to estimate the number of cancers that would occur in the region from
exposure to increased concentrations of these pollutants. For the other pollu-
tants investigated, this approach could not be used because risk factors have
not yet been developed or accepted. Instead, pollutant concentrations were
compared to ambient air quality standards, to industrial work environment
standards, or to gquidelines used as a basis for some building codes.

For each alternative, the worst-case concentrations of each pollutant consid-
ered were determined by assuming that each residence type has a wood stove, a
gas stove, a portable space heater, two persons who smoke, urea-formaldehyde
foam insulation (UFFI) (except in mobile homes), well water, and is built slab-
on-grade, or with a basement, or with an unventilated crawl space. In reality,
each of the 1,209,000 eligible electrically heated residences that are covered
under the Proposed Action may have one, several, or all of the sources listed
above. Few would have all of these sources. After the worst-case concentra-
tion was determined for each pollutant, that concentration was used to estimate
individual health effects, not regional health effects. This assumption allows
for a reasonable projection of the worst possible consequence for the alterna-
tives and mitigations. However, the total regional health effects were esti-
mated by taking into account the various combinations of pollutant sources in
residence types and the tightening needs of this residence stock, rather than
only the worst case.

In estimating pollutant concentrations, it was assumed that emission rates and
air-exchange rates continued at the same level for long periods of time. In
reality, this assumption primarily applies to the heating season for emission
from some sources (e.g., space heaters and possibly wood stoves). During other
times of the year, the use of these items by the homeowner would not occur,
thus reducing pollutant concentrations in the residence. The assumptions used
in determining pollutant concentrations in various residence types should be

2.9




considered conservative. Therefore, less confidence should be placed on the
absolute magnitude of the health effects resulting from the pollutant concen-
trations and more on how these health effects change as a result of the alter-
native and the applications of various mitigations. This is particularly
important because the method of estimating cancers based on HCHO, BaP, and
radon levels has not been accepted by the entire scientific community.

The values given for energy savings are based on an estimated penetration rate
(85%) of the program (see Section 3.3). If the penetration rate were larger or
smaller, the energy savings would in turn be larger or smaller, respectively.
As was the case for health effects, a range of values is given. This range
represents the condition of all residences having either a very low or high
air-exchange rate before weatherization measures are installed. These values
are considered to be extreme conditions.

Two types of mitigations were considered that may reduce the risks of health
effects: 1) Mitigation-By-Exclusion and 2) Mitigation-By-Action. Mitigation-
By-Exclusion eliminates from the Proposed Action those residences with specific
pollutant sources or a specific residence type. For example, residences with
UFFI could be excluded from receiving tightening measures. In this case, the
HCHO concentration level in those residences would remain unchanged, because
they would not receive tightening measures. Thus, the total estimated number
of cancers due to HCHO exposure as a result of the program would decrease, as
would the total regional energy savings. For Mitigation-By-Action, air-to-air
heat exchangers (AAHXs) would be installed to increase the air exchange rate in
those residences that need them to reduce potential health impacts. For exam-
ple, each residence with high concentrations of radon would have an AAHX
installed after tightening if it were determined to be necessary. This would
reduce the total cumulative health impact from radon in the region. Another
mitigation consists of informing consumers of the possible detrimental effects
of operating a wood stove or smoking inside a tightened residence.

2.1 NO-ACTION ALTERNATIVE

The No-Action Alternative entails continuing the present BPA Residential
Weatherization Program. That is, tightening measures would continue to be
offered to residences meeting the inclusion criteria; the other measures would
be offered to all eligible residences. Estimated environmental effects are
listed in Table 2.2. Under the No-Action Alternative, homeowners whose resi-
dences do not qualify for tightening measures may install these measures on
their own. Also under this alternative, less conservation would be obtained to
meet BPA's future electric load requirements; therefore, additional electric
generation may be necessary. If additional generation were needed, then vari-
ous environmental effects would occur, depending on the energy resource
selected.

Air Qualit

Under the No-Action Alternative, the indoor air pollutant concentrations would
not change in those residences ineligible to receive tightening measures. They
would increase in those residences receiving tightening measures under the

present program or in excluded residences, which homeowners tighten
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TABLE 2.2,

Health Effects of:(d)

HCHO

BaP

Radon

RSP
NOx
co
co,
Energy

Cost

Socioeconomics

Land use

Water quality

{a) See Section 3.1 for sources of these pollutants indoors.
(b) Range values are cancers per year per 100,000 people.
c

Summary of Environmental Impacts Associated

with No-Action Alternative

Baseline

Existing Program

0.2 cancers per year per 10?5900
people (Range: 0.1 to 1.25)

2.6 cancers per year per 100fg90
people (Range: 0.47 to 24.4)

2.5 cancers per year per 1?8,000
people (Range: 1.3 to 9.4)

Nonsmokers may experience eye and
nose irritation

Sensitive individuals may have
trouble breathing

Sensitive individuals may become
exhausted more quickly

Sensitive individuals may experience
headaches, dizziness, or nausea

Average load of 17,500 MW in
1981-1982

$0

Price induced conservation to save
740 MW by 1995

98.5 thousand acres permanently lost

469 million acre-ft of water with-
drawn 24.8 million tons of effluents
and 410 quadrillion of heat not
released

0.003 additional cancers per year
per 100,000 people (b)
(Range: 0.0004 to 0.01)

0.04 additional cancers per year
per 100,000 people (b)

(Range: 0.006 to 0.34)

0.004 additional cancers per year
per 100,000 people b)

(Range: 0.001 to 0.04)¢

Slight increase in impacts to nonsmokers
No health effects expected

No health effects expected

No health effects expected

Reduction of 191 Annual Mw(C)

$550 million(C)

80% of weatherization cost paid by BPA

About 4,582 acres not permanently
lost

2.4 thousand acre-ft of water not
withdrawn, 5.1 thousand tons of effluents
and 12.5 quadrillion BTU of heat not
released

(c) From Environmental Assessment for BPA Regionwide Weatherization Program (BPA 198la).




independently of a BPA program. The estimated pollutant concentrations and
expected ranges for all residence types not tightened are given in Table 2.3.
(See Chapter 4.1 for the assumptions used to estimate these values.)

Under the No-Action Alternative, outdoor air quality would be affected through
the reduction in operation of electric generation plants. Approximately 105.7
annual megawatts (MW) of additional electric energy would be saved. In gener-
ating this amount, more pollutants would be released by the powerplants into
the outdoor air (Table 2.4). The estimated emissions are based on emissions
from currently operating generating facilities. Also, because tightening mea-
sures would not be needed, the outdoor air emissions due to the manufacturing
of these measures would not change.

Health Effects

Without any BPA Residential Weatherization Program, health effects would occur
as a result of exposure from normal concentrations of indoor pollutants. These
health effects are shown in Table 2.2 as the baseline condition. Under the
present BPA Program, tightening measures are offered to residences meeting the
inclusion criteria. Concentrations in these residences would increase, and
some additional health effects would occur. These health effects are shown in
Table 2.2 as the present program. The sum of the health effects (baseline and
present program) are the effects of the No-Action Alternative.

Formaldehyde (HCHO) Under the baseline conditions, 0.2 cancers per year per
100,000 people are estimated to occur from HCHO exposure. Under the present
program, 0.003 additional cancers are estimated to occur every year from ele-

vated HCHO concentrations (see Appendix I).

Benzo-[al-Pyrene (BaP) Under the baseline condition, exposure to BaP concentra-
tions in the various residence types is estimated to cause 2.6 lung cancers per
year per 100,000 people. Under the present program, 0.04 additional lung
cancer per year per 100,000 people is expected to develop. The estimated lung
cancers developing from BaP are mainly due to emissions from wood stoves and
partly due to emissions from smoking. The individual risk of developing lung
cancer from exposure to the estimated BaP concentrations under the baseline
condition is approximately equivalent to the risk of developing lung cancer
from smoking 1/4 to 3 cigarettes per day (see Appendix J for methodology).

Radon (Rn) Under the baseline condition, the estimated number-of lung cancers
due to radon exposure for occupants in electrically heated residences is

2.5 per year per 100,000 people. For the present program, an estimated 0.004
additional lung cancers every year per 100,000 people are expected to occur
from elevated radon concentrations in those residences that can be tightened.
No increased risk of developing lung cancer exists over the baseline condition
in those residences that are not tightened. The individual risk of developing
lung cancer from radon levels in residences in most areas of the region cur-
rently (see Glossary and Chapter 4) is equivalent to the risk of developing
lung cancer from smoking 1/4 to 1/2 a cigarette per day. For the high-radon
areas of the region, the risk is equivalent to 1 1/4 to 3 1/3 cigarettes per
day (see Appendix J for methodology).




TABLE 2.3. No-Action Alternative Effects in Indoor Air Quality

Estimated
Reasonable Estimated
Worst-Case Worst-case  8-h OSHA Typical Outdoor
Pollutant Concentration(@ Range Standard NAAQS(b) State Standard ygoncentration
HCHO m)
APTEER 0.7 0.008 to 2.1 2.5 0.4(d) o,s(e) 0.004
MH 0.8 0.01 to 5.1
SFA 0.5 0.05 to 1.4
SFD 0.2 0.03 to 0.8
BaP (ng/m3)
APT 8.2 0.9 to 48.5 _—— --- 0.1
MH 10.6 1.1 to 113
SFA 5.0 0.5 to 32.5
SFD 2.2 0.4 to 22.6
Radon most areas(f)
(pCi/e)}
APT 2.0-3.2 0.7 to 10.3 (q) --- 0.25
MH 0.4-5.0 0.3 to 10.5
SFA 1.3-2.0 0.5 to 8.4
SFD 0.7-1.5 0.5 to 5.2
Radon igh-radon
areas)“e)g
(pCi/e)
APT 5.0-8.0 1.7 to 24,7 (g) -— - 0.75
MH 6.5-12.3 1.9 to 6.1
SFA 3.4-4.9 1.3 to 20.3
SFD 1.9-3.6 1.1 to 12.5
RSP (ug/m3)
APT 689 56 to 4,234 5,000 260 ug/m3(N) 70
MH 883 67 to 9,868
SFA 417 32 to 2,836
SFD 182 22 to 1,974
0xide§ of Nitrogen
(ug/m”) i .
APT 548 36 to 1,947 9,000(1) 100 wg/m3(3) .- 50
MH 701 43 to 4,537
SFA 331 21 to 1,304
SFD 144 14 to 907
co (mg/m3) 3(k
APT 6.2 0.5 to 85.2 55 10 mg/m3(k) --- 3
MH 7.9 0.6 to 198.6
SFA 3.7 0.3 to 57
SFD 1.6 0.2 to 39.7
cop (g/m®)
PT 4,2 0.28 to 26 _—— -— - 0.72
MH 5.4 0.33 to 59.8
SFA 2.5 0.16 to 17.2
SFD 1.1 0.11 to 12

(a) Assumes that all pollutant sources are present in residences, estimated reasonable worst-case
conditions.
(b) National Ambient Air Quality Standard.
(c) APT - Apartments; MH = Mobile homes; SFA - Single-family attached; SFD = Single-family detached.
(d) Wisconsin Standard.
(e) Minnesota Standard.
(f) Variation due to different foundation types.
(g) Standard is only given in terms of working level (see Glossary).
(h) Total Particulates, 24-h primary standard.
(i) Standard for N0, -- ceiling value.
53) N0, - annual mean (arithmetic) average (0.05 ppm).
k) 8-f Standard (9 ppm).
Note: Units are defined in Glossary.




TABLE 2.4. No-Action Alternative Effects on Qutdoor Air Emissions
from Energy Generation

Annual Emissions, Annual Emissions,
Annual Emissions Existing 500 MW Existing 1100 MW

105.7 MW Coal-Fire Nuclear
Pollutant Coal-Fired(?) Powerp]ant?b) Powerplant (¢)
Particles 48.4 tons 760 tons --
S0, 982 tons 7600 tons --
NO, 982 tons 5300 tons --
Ra 2.7 mCi 59 mCi --
105.7 MW Nuclear(d)
Krypton-85 192.2 Ci -- 2000 Ci
lodine-131 9.7 x 107% ¢ -- 0.01 Ci
lodine-133 7.7 x 1074 ¢ - 0.008 Ci
Xenon-133 211.8 Ci - 2200 Ci
Other fission products 4,6 Ci -~ 48 Ci

(a) Compliance with New Source Performance Standards (1971a).
(b) Compliance with New Source Performance Standards (1971b).
(c) Portland General Electric Company (1972).
(d) Values based on scaled-down 500 MW plant.

Oxides of Nitrogen (NO,) and Carbon Monoxide (CO) Under the No-Action Alterna-
tive, residences with portable space heaters and other combustion appliances
would have estimated concentrations of oxides of nitrogen and CO that may cause
some people to have trouble breathing or to become exhausted more quickly.
Without the space heaters in the residence, none of these health effects would
be expected.

Carbon Dioxide (C0,) Estimated levels of CO, in residences exceed occupational
‘levels, although these levels do not appear Eo cause health effects. However,
if conditions within the residence caused the maximum concentration to occur,
then breathing could be impaired.

Respirable Suspended Particulate (RSP) Matter The modeling technique used to
estimate RSP matter does not account for particles that settle on surfaces or
are otherwise removed from the air. No acceptable techniques exist for esti-
mating the removal processes. Therefore, the estimated concentrations are
about 10 times the value normally associated with one smoker in a residence.
Nevertheless, at the estimated levels, eye and nose irritation would occur and
could result in impaired breathing.

Finally, under the No-Action Alternative, certain homeowners would choose to
tighten their residence in the absence of any BPA program. The risk of adverse
health effects due to increased indoor air pollutants would rise. Estimates of
this increased risk could not be accurately estimated.
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Energy Saved

Only the additional energy savings from the present BPA Program would occur.
Residences that do not meet the inclusion criteria would not be eligible to
receive tightening measures. Homeowners may install such devices on their own
or in response to increasing electrical rates, which would increase the amount
of energy saved but not at a rate comparable to the proposed program. Energy
used to make tightening measures would not be needed.

Socijoeconomic and Institutional Effects

Cost for the first year of the present program was approximately $27 million.
This cost includes retroactive payments to participating utilities for weather-
ization undertaken after December 5, 1980, and before BPA's present program was
operating. BPA's planned weatherization budget assumes program expansion
(i.e., tightening all residences). However, under the No-Action Alternative
fewer installations of tightening would occur. Thus, the extra funds budgeted
by BPA may not be spent, and this could result in a reduction of total
installation jobs; the amount cannot be estimated.

Until 1975 the wholesale rate BPA charged its customers was very nearly
constant, rising from 0.28 cents/kWh to 0.35 cents/kWh by 1975. However, after
that period, the interest payments from the Washington Public Power Supply
Systems Projects 1, 2, and 3, plus payment on other debts, caused large
increases in the wholesale rate. By 1984, rates averaged 2.2 cents/kWh. In
response to these rate increases, conservation activities by homeowners have
increased. Reliable estimates of how much effect the price increases have had
in recent years are not available. However, studies such as the Northwest
Energy Policy Project (NEPP) (e.g., WSU 1977) indicate that a significant
amount of price-induced conservation, independent of that which is induced by
incentives such as BPA's present program and other programs, is possible by the
year 2000. NEPP results indicate that about 3000 average annual MW will be
conserved by the 1995 to 2000 time frame. This figure, however, includes all
users, and the portion attributable to residential consumers is not available.

A number of institutional barriers currently affect the utilities' implementa-
tion of the present BPA program. Of the possible weatherization measures, the
tightening measures are often the most appealing to consumers. Because these
measures are not available to all consumers, some utilities have been reluctant
to join the program. In addition, the Oregon legislature recently passed a law
[HB-2246] requiring Oregon utilities to give consumers all cost-effective con-
servation measures. The Oregon Public Utility Commission (PUC), in preparing
requlations to carry out this mandate, did not exclude those residences that
are excluded by the present program. This conflict would remain under the No-

Action Alternative.

Generation to Replace Energy Savings Lost

In addition, no energy is saved under the No-Action Alternative. If shortages
develop, power would probably need to be produced. Future power generation may
be of various types, including other conservation resources, hydro, renewable
coal, or nuclear. Generation from coal plants is assumed so the worst-case
condition can be illustrated. If so, coal mining and transportation activities

2.15




would be required. In producing the incremental power not saved, it is esti-
mated that 11 injuries during mining and 24 occupational injuries during trans-
portation would occur during the time the additional energy is produced. The
estimated public fatality rate during transportation activities is 0.7 per year
(see Section 4.2.1). An estimated 0.15 deaths per year would result from sul-
fur dioxide (SOp) exposure from operating a coal plant. These figures are
based on estimates for existing plants, but scale to 105 MW.

The information noted above could be expressed in deaths per 100,000 people.
However, to obtain a meaningful number the actual population at risk needs to
be determined, both for transportation and operational fatalities. Currently
that data does not exist.

Land Use

The electrical energy load would not be reduced under the No-Action Alterna-
tive. Thus, potentially 2535 acres would be committed to energy generation
(see Section 4.6.2).

Fish and Wildlife

Because the electrical energy load would not be reduced more than under the
present program, no additional effects are expected.

Water Quality
Because the electrical energy load would not be reduced more than under the
present program, no additional effects are expected.

2.2 PROPOSED ACTION

Under the present BPA program, tightening measures are offered only to resi-
dences that meet the inclusion criteria. The Proponsed Action would expand the
present program by providing tightening measures to all eligible electrically
heated residences. The residences receiving these tightening measures would
experience increased indoor air pollutant concentrations and, thus, the resi-
dents would be at potentially higher risks of health effects.

The Proposed Action would offer tightening measures to 1,209,000 residences
ineligible to receive them under the No-Action Alternative. Of these, about
815,527 single-family and 212,014 multifamily residences are expected to par-
ticipate. A summary of the environmental effects associated with the Proposed
Action is given in Table 2.5. A discussion of the effects, by specific areas,
is given below.

Air Quality

Effects on indoor and outdoor air quality from the Proposed Action are pre-
sented here and are compared to those for the No-Action Alternative. Because
no federal standards for indoor air quality exist, only brief comparisons with
other standards or gquidelines are reported. A more detailed comparison is pre-
sented in Appendix N.




TABLE 2.5. Summary of the Environmental Impacts Associated
with the Proposed Action

Proposed Action

Health Effects of:(a)

HCHO 0.04 additional cancer per year per 100,000 people above
the No-Action Level. (Range: 0.002 to 0.28 additional
cancers per year per 100,000 people)

BaP 5 additional lung cancers per year per 100,000 people
above No-Action Level (Range: 0.06 to 3.97 additional
Tung cancers per year per 100,000 people)

Radon 4 additional lung cancers per year per 100,000 people
above No-Action Level (Range: 0.04 to 3.7 additional
lung cancers per year per 100,000 people)

RSP Nonsmokers may experience eye and nose irritation and
reduced breathing capacity.
NOx Sensitive individuals may have trouble breathing
Co Sensitive individuals may become exhausted more quickly
€O, A few sensitive individuals in small living spaces may
experience headaches, dizziness and nausea
Energy Savings of 105.7 annual MW in addition to existing
program (Range: 84.8 MW - 116.5 MW)
Cost $1184.5 Million over No-Action (Range: 843.9 to
1569.3 million)
Socioeconomics 30,205 installer years required
Land use Up to 2,535 acres not permanently lost
Water quality Up to 1.34 thousand acre-ft of water not withdrawn, and

up to 2.3 thousand tons of effluents and 7.0 quadrillion
BTUs not released

(a) See Section 4.1 for sources of these pollutants.

The Proposed Action would increase concentrations of indoor air pollutants for
all residence types over the No-Action Alternative. The estimated 24-h time-
averaged concentration (see Glossary) for each residence type was calculated
based on four assumptions:




average pollutant emission rate
average residence volume by type
. average air exchange rate

. all pollutant sources present.

S o -

The increase in the concentrations from the No-Action Alternative to the Pro-
posed Action is about 20% for all residence types. If a specific residence
does not have all the pollutant sources, then the estimated concentrations of
pollutants associated with those sources would be less both before and after
tightening. Concentrations in individual residences can be estimated using
Appendix A or B.

A range of time-averaged concentrations has also been estimated by assuming the
extreme values of pollutant emission rate, air-exchange rate, and residence
volume. There is no indication that these conditions would actually occur in
any specific residence type. However, this information is useful to understand
the variability of actual situations and indicates the worst and best case
assumptions in the absence of specific data.

Formaldehyde (HCHO) If the Proposed Action were adopted, then the average con-

centration of HCHO would increase from 0.7 to 1.1, 0.8 to 1.1, 0.5 to 0.8, and
0.2 to 0.3 ppm in apartments, mobile homes, single-family attached, and single-
family detached residences, respectively. All concentrations, before and after
tightening, are above the American Society of Heating, Refrigeration, and Air-
Conditioning Engineers (ASHRAE) 62-1982 standards for indoor HCHO concentra-
tions and some exceed the Minnesota (0.5 ppm) and Wisconsin (0.4 ppm) State
Standards. The estimated range in concentrations is 0.0l to 6.1 ppm for the
various residence types.

Respirable Suspended Particulate (RSP) Matter If the Proposed Action were
adopted, then the average concentration of RSP would increase from 690 to 994,
880 to 1275, 420 to 602, and 180 to 264 ug/m” in apartments, mobile homes,
single-family attached, and single-family detached residences, respectively.
These estimated concentrations are higher than normally measured in homes with
smokers (Spengler et al. 1981) because particulate deposition or fallout was
not incorporated into the mode]ing technique. The estimated range of
concentrations is 22 to 9868 ug/m”.

Benzo-[al-Pyrene (BaP) If the Proposed Action were adopted, then the average
concentration of BaP would increase from 8.2 to 11.9, 10.6 to 15.2, 5.0 to 7.2,
and 2.2 to 3.2 ng/m” in apartments, mobile homes, single-family attached, and
single-family detached residenée§, respectively. The estimated range of con-
centrations is 0.5 to 164.0 ng/m~,

Oxides of Nitrogen (NOLL If the Proposed Action were adopted, then the average

concentration of oxides of nitrogen wog]d increase from 548 to 790, 701 to
1013, 331 to 478, and 144 to 2100 nug/m” in apartments, mobile homes, single-
family attached, and single-family detached residences, respectively. The
typical values before and after_tightening are above National Ambient Air Qual-
ity Standards (NAAQS) (100 ug/m3), but below Occupationgl Safety and Health
Administration (OSHA) 8-h workroom standards (9000 ug/m”). The estimated range
of concentrations is 21 to 6575 ug/m”.
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Carbon Monoxide (CO) If the Proposed Action were adopted, then the average con-
centration of CQ would increase from 6.2 to 8.9, 7.9 to 11.4, 3.7 to 5.4, and
1.6 to 2.4 mg/m~ in apartments, mobile homes, single-family attached, and
single-family detached Sesidences, respectively. As was the case for oxides of
nitrogen NAAQS (10 mg/m°) is not exceeded, except mob%le homes; but estimated
values are below OSHA 8-h workroom standards (55 mg/m”). The estimated range
of concentrations is 0.3 to 288 mg/m~,

Carbon Dioxide (CO,) If the Proposed Action were adopted, then the average con-
centration of 902 would increase from 4.2 to 6.1, 5.4 to 7.8, 2.5 to 3.7, and
1.1 to 1.6 g/m~ in apartments, mobile homes, single-family attached, and
single-family detached residences, respgctively. Concentrations after tighten-
ing exceed the ASHRAE Standard (4.5 g/m>) in apar%ments and mobile homes but
are below the 8-h OSHA workroom sgandard (9.0 g/m~). The estimated range of
concentrations is 0.2 to 87.0 g/m~,

Radon (Rn) Concentrations were estimated for residences in most areas of and
high-radon areas of the region. This was done to account for the different
types of geology within the Pacific Northwest, which affect radon emission
rates from the soil and water. If the Proposed Action were adopted, then
average concentration of radon would increase from 2.0 to 3.2, 0.4 to 5.0, 1.3
to 2.0, and 0.7 to 1.5 pCi/% in apartments, mobile homes, single-family
attached, and single-family detached residences, respectively, in most areas of
the region. The average concentration of radon would increase from 5.0 to 8.0,
6.5 to 12.3, 3.4 to 4.9, and 1.9 to 3.6 pCi/2 in apartments, mobile homes,
single-family attached, and single-family detached residences, respectively, in
the high-radon region. The expected ranges of concentrations are 0.3 to

10.5 pCi/%, and 1.1 to 24,7 pCi/& in these regions, respectively.

OQutdoor Air Quality If the Proposed Action were chosen, 105.7 annual MW of
electricity would be saved. If that savings reduces power generation, then
emissions to the ambient air would also be reduced. The magnitude of this
emission reduction would depend on future generation sources displaced, such as
coal or nuclear.

A maximum of 120,000 tons of glass would be manufactured for storm windows and
doors for the Proposed Action. Emissions of total suspended particulates (TSP)
from this glass manufacture over the 1ife of the program would be increased
0.0000033% over estimated 1985 energy-related emissions of TSP (DOE 1978) 1In
addition, a small amount of outdoor emissions would result from the manufacture
of aluminum for storm windows and doors and the transportation of finished
products to individual sites. The amount is estimated to be 3.9 tons of TSP
(see Section 4.1.2).

Health Effects

Health effects were estimated in two ways: 1) cumulative effects for the
region, in terms of cancer development from increased concentrations of HCHO,
radon, and BaP; and 2) individual effects for increased concentrations of the
other pollutants and HCHO. The latter is required because techniques to esti-
mate cumulative effects for these pollutants (except HCHO) have yet to be
developed. The estimate of cumulative effects takes into account the com-
bination of various pollutant sources that occur within the regional housing
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stock and the weatherization needs of this housing stock (i.e., air infiltra-
tion reductions). This estimate is also compared to cumulative effects of the
No-Action Alternative (see Chapter 4 and Appendix I). Estimates of individual
effects assume that all sources are present. Therefore, for those residences
without all sources, the effects would be less, or nonexistent. The reader is
urged to review the computational methodology in Appendix A, and to estimate
pollutant concentrations within an individual residence using this methodology.
Appendix B can also be used to estimate indoor concentrations if residence
characteristics are unknown. This estimate would be less accurate than the
estimate obtained by using Appendix A.

Formaldehyde (HCHO)(a) If the Proposed Action were adopted, HCHO concentrations
in apartments could be large enough to cause eye and nose irritation. In addi-
tion, respiratory problems could occur for sensitive individuals. In other
residence types, sensitive occupants should not suffer as much of the irrita-
tion effects or respiratory problems, but they still could occur.

The total risk of HCHO-induced cancer is calculated in Appendix I. Regionally,
with no tightening measures applied to any of the residences, 0.2 cancers per
year per 100,000 persons are estimated to occur from HCHO exposure. For the
present program, tightening could cause an additional 0.003 cancers per year
per 100,000 people. Increased HCHO exposure as a result of the Proposed Action
could result in about 0.04 additional cancers every year per 100,000 people
above the level of the present program. The estimated range of effects from
the Proposed Action is 0.002 to 0.28 additional cancers every year per

100,000 people.

Benzo-[a]-Pyrene (Bag)(b) Breathing BaP is thought to cause lung cancer. In
the region, about 2.6 BaP-induced lung cancers per year per 100,000 people are
estimated without any BPA Program. For the present program, about 0.04 addi-
tional lung cancer per year per 100,000 people is estimated to occur. The
Proposed Action would add about 0.4 additional lung cancers per year per
100,000 people above the level of the No-Action Alternative. The estimated
range is 0.6 to 3.97 additional lung cancers every year per 100,000 people.

The increase in health risk from increased BaP concentrations as a result of
tightening is approximately equivalent to the risk of developing lung cancer
from smoking 1/27 to 1/12 cigarette per day.

Radon (Rn)(c) Breathing air with radon and radon daughters (see Glossary) can
cause tung cancer. Regionally, without any weatherization program, the esti-
mated number of radon-induced lung cancers for occupants of electrically heated
residences is about 2.5 per year per 100,000 people. There are 3,954,997
people living in electrically heated residences within the region. Tightening

(a) For detailed information on HCHO concentrations, and associated references,
see Appendix D.

(b) See Appendix E for detailed information on BaP and associated references.

(c) For detailed information on radon and associated references, see
Appendixes F and I.
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residences under the present program could result in 0.004 additional cancers
per 100,000 people. Increased radon concentrations under the Proposed Action
would add about 0.32 additional lung cancers per year per 100,000 people above
the level of the present program. The estimated range under the Proposed
Action is 0.4 to 3.7 additional lung cancers per year per 100,000 people.

The largest increase in risk of developing lung cancer from elevated radon
concentrations under the Proposed Action is approximately equivalent to the
risk of developing lung cancer from smoking 1/3 to 8/10 cigarette per day in
most areas of the region and from 8/10 to 2 cigarettes per day in the high-
radon areas of the region.

Oxides of Nitrogen (NOy)(a) If the Proposed Action were adopted, the estimated
oxides of nitrogen concentrations in the average residence types would be large
enough so that some sensitive individuals living in small living areas might
experience some shortness of breath. The high concentrations are primarily due
to large oxides of nitrogen emissions from portable space heaters. Gas stoves
are also a contributor, but, on a regional basis, they add very little to over-
all health effects.

No information is available to estimate reasonably the risk of health effects
from oxides of nitrogen on a regional basis.

Respirable Suspended Particulate (RSP) Matter The estimated concentrations of
RSP under the Proposed Action are large enough to cause some occupants nose and
eye irritation and decreased breathing capacity if exposed to these levels for
any length of time. The main source of RSP in the typical residence is tobacco
smoking. Each residence was assumed to have one smoker. In addition, wood
stoves are significant sources of RSP,

No information is available to estimate the risk of health effects from RSP on
a regional basis.

Carbon Monoxide (CO) The estimated concentration of CO under the Proposed
Action are large enough to cause some sensitive individuals to have trouble
breathing. The high concentrations are primarily due to large CO emissions
from portable space heaters. Gas stoves are also a contributor, but on a
regional basis, they add very little to overall health effects.

No information is available to estimate the risk of health effects from CO on a
regional basis.

Carbon Dioxide (C0,) The estimated concentration levels of CO, under the Pro-
posed Action exceed ASHRAE guidelines and, in apartments, the OSHA standard.
However, they do not exceed the NASA recommended guidelines for extended expo-
sures. Even so, the estimated levels may cause some sensitive individuals to
suffer headaches, dizziness, and nausea. All combustion sources and respira-
tion contribute to indoor CO, levels.

(a) For detailed information on oxides of nitrogen and associated references,
see Appendix H.
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No information is available to estimate the risk of health effects from CO, on
a regional basis.

Energy Saved

Under the Proposed Action, an additional 105.7 annual average MW will be saved
above savings acquired under the present program (see Appendix K and Fig-
ure 2.2). The estimated range of savings is 84.8 to 166.5 annual MW.

A certain amount of energy goes into making the tightening devices, mostly into
manufacturing glass for storm windows and doors. The energy needed to produce

tightening measures for the Proposed Action is about 3.1 trillion Btu (approxi-
mately 105 MW over the lifetime of the program). Most of this energy would be
consumed outside the region and therefore would not effect the regional load.
However, a small fraction would be required from the region to manufacture
aluminum for storm windows and doors.

310
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FIGURE 2.2. Estimated Energy Savings - Present and Expanded Program
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Socioeconomic and Institutional Effects

The Proposed Action would have socioeconomic and institutional effects:

1) through costs associated with the program; 2) because employment in the
region would be affected; and 3) because the Proposed Action would resolve the
institutional conflicts associated with the present limited program.

Cost Program costs were obtained by using estimated costs of tightening mea-
sures that would be offered to residences under the expanded weatherization
program, the estimated number of residences requiring the various measures, and
the estimated number of residences that would participate in the program.
Approximately $1185 million would be required for purchase and installation of
measures. This figure would range from $844 to $1569 million depending on
actual penetration of the program. An 85% penetration rate was assumed. Under
the buy-back financing mechanism, the BPA level of financing would cover a por-
tion of the estimated total costs of the tightening measures. Approximately 36
to 85% of the costs of tightening measures is paid by the BPA incentive. The
levelized cost of the program on a regional basis is estimated to be 28.6 to
37.7 mills/kWh, The homeowner's levelized cost is estimated to be 10.7 to

19.8 mills/kWh. The total percentage of costs paid by BPA for all measures
including nontightening measures is generally higher.

BPA's administrative costs are estimated to be $13 million for the 10-year
expanded BPA Residential Weatherization Program.

Residence The Proposed Action affects the residence occupant/owner in several
ways: 1) direct expenditures associated with implementing house tightening
measures under the weathierization program, 2) reduced cash outlay for the
purchase of electricity to heat the residence, 3) potential for increases in
the market value for the residence, and 4) changes in comfort.

Approximately 15 to 64% of the costs of residence tightening measures will be
paid for by the residence owner. The weatherization program pays the lessor
85% of the costs of house tightening measures or $0.292/kWh saved (estimated
annual average). Table 2.6 provides an estimate of the average outlay, by
residence type, that owners will make under the expanded weatherization pro-
gram., The increase in short-term cash outlay will be offset by reductions in
the cash outlay for purchases of electricity. The actual reduction of elec-
tricity purchased will depend on the annual energy savings resulting from the
Proposed Action (see Table 2.7) and the price of electricity. For single-
family attached residences, the Proposed Action is expected to reduce annual
electric consumption for residence heating by an average of 1857 kWh in climate
zone 1, 2199 kWh in climate zone 2, and 2489 kWh in climate zone 3 (see

Glossary).

There are indications that homeowners expect the market value of their house
will increase as the result of installing weatherization measures. This is
supported by a limited study of residential sales in the Knoxville, Tennessee
area. Homeowners also perceive that installation of insulation and tightening
measures will improve the comfort of their residence.
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TABLE 2.6. Average Residence Owner Cost

Type of Residence Owner Cost
Residence'®)  Tow  Medium — High
SFD 329 733 1197
SFA 327 649 1030
MH 77 299 587
APT 70 289 519
ALL 204 536 910

(a) SFD = Single-family detached; SFA =
Single-family attached; MH = Mobile
home; APT = Apartment; ALL = All
residences.

TABLE 2.7. Residential Energy Savings

Type of Energy Savings (kWh/Yr)

Residence Zone 1 Zone 2 Zone 3
SFD 2236 2694 3230
SFA 1857 2199 2489
MH 1504 1934 2159
APT 1321 1585 1767

(a) SFD = Single-family detached; SFA =
Single-family attached; MH = Mobile
home; APT = Apartment.

Employment The Proposed Action affects employment in two ways: 1) through
instaiier employment and 2) through indirect and induced expenditure resulting

from the primary employment.

More installers would be employed than under the No-Action Alternative. For
the expanded program, approximately 30,205 installer years (i.e., time to
install tightening measures on residences in the region) would. be required
above the No-Action Alternative. The rate at which installations occur in the
region would determine the actual effect on employment.

The direct expenditures for employment and materials for the proposed program
will also generate additional employment and consumption in the region through
what is called the indirect and induced effects. Indirect employment includes
the labor required to make the materials and supply the services used. Induced
effects result from the employment stimulated by the spending of the direct and
indirect employees. It is estimated that 62,776 employee-years are attribut-
able to the Proposed Action "multiplier effect".




Institutional Conflicts Utilities are reluctant to implement the present BPA
program, because many of their customers would not be eligible to receive the
tightening measures. Furthermore, the Oregon Legislature (through [HB-2246])
has required utilities to install all cost-effective conservation measures
desired by the customer. Therefore, a conflict exists between the Oregon law
and the present program. The Proposed Action would resolve this conflict with
Oregon regulations and would make the BPA Weatherization Program more accept-
able to its customer utilities.

Land Use

The Proposed Action would reduce the demand for electrical energy compared to
the No-Action Alternative. Thus, the land committed or planned for the genera-
tion of energy could be reduced. The amount of land not required depends on
what type of fuel is being displaced. If nuclear power were displaced, the
reduction would be 2 O)acres. If coal power were displaced, the reduction
would be 2535 acres. During periods of excess power capacity, the result of
the Proposed Action may be the same as that of the No-Action Alternative.

Fish and Wildlife

Choosing the Proposed Action would reduce the demand for electrical energy.
This may require less generation or defer building new generation, and, in
turn, the associated releases of heat, effluents (see Glossary) and emissions,
the generation of solid waste, the use of water, and the use of land. Each of
the above can affect fish and wildlife directly or indirectly through degrada-
tion of habitat. Thus, when and if the demand for electricity is reduced,
effects are reduced. The reduced demand would also allow more flexibility in
operating the regional hydroelectric system, thus possibly reducing impacts on
fish and wildlife. Effects on fish and wildlife are site-specific, but at a
specific site they are directly proportional to the amount of energy produced.
Exactly where and when the generation of electrical energy would be reduced
cannot be identified. Under conditions of surplus power, the effect of the
Proposed Action is the same as that of the No-Action Alternative.

Water Quality

Choosing the Proposed Action would reduce the demand for electrical energy, as
compared to the No-Action Alternative. Because the thermal generation of elec-
tricity affects water quality, any reduction in electrical energy would, in
turn, reduce the releases to receiving waters from generating plants. Reduced
releases would mean improved water quality.

The amount of pollution released during electrical generation depends on the
fuel displaced. If coal were displaced, annual heat releases would be reduced
by 5.0 to 7.0 quadrillion Btu, and water pollutants would be reduced by a very
small amount. The respective values for nuclear power displaced would be

7.0 quadrillion Btu and 2.3 thousand tons.

(a) These figures may not be true for a small reduction in electrical generat-
ing capacity.




2.3 MITIGATIONS

In an attempt to reduce adverse environmental effects, 11 mitigation strategies
were developed that might be applied to the Proposed Action. These mitigations
may 1) help minimize impacts by not taking a portion of the Proposed Action or
2) rectify the impacts by restoring the affected environment. Under the first
category of mitigation, seven strategies are examined. These mitigations
involve the exclusion of residences having identifiable sources of indoor air
pollutants and the exclusion of various residence types. These mitigations,
called Mitigations-By-Exclusion, are as follows:

excluding residences with UFFI

excluding residences with unvented combustion appliances

excluding residences built with a basement, built slab-on-grade, or with
unventilated crawl spaces

excluding residences served by well water

excluding residences with wood stoves

excluding mobile homes

excluding apartments.
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Under the second category of mitigations, three strategies are examined. The
mitigations reduce risk of health effects on an individual residence basis by
providing some means to improve or increase the air exchange rate in the resi-
dence after tightening measures have been installed. The air exchange rate is
increased by the use of an AAHX, which ventilates a residence without the
accompanying loss of heated air inside the residence. These mitigations,
called Mitigations-By-Action, are as follows:

1. formaldehyde monitoring
2. providing AAHXs for wood stoves
3. radon monitoring.

The fourth Mitigation-By-Action involves provoding an informational booklet on
indoor air quality to occupants of residences that receive tightening mea-
sures. It includes information on indoor air pollutants, their potential
health effects, ways to monitor pollutant levels, ways to reduce them, and
reference sources where more information is available.

The remainder of this mitigation section examines the various mitigations and
their effect on the Proposed Action.

2.4 MITIGATION-BY-EXCLUSION NO. 1--(Exclude UFFI)

Under this mitigation to the Proposed Action, those residences with UFFI would
not be eligible to receive tightening measures. The purpose of this exclusion
is to reduce the number of cancers developing from large increases in HCHO con-
centrations in various residence types. Other sources of HCHO emissions in a
residence are still expected (e.g., from furnishings, smoking, gas stoves, and
wood stoves). Formaldehyde emissions from these items, however, are less than
from UFFI,




This strategy, if applied to the Proposed Action, would offer tightening mea-
sures to 1,174,000 residences that are otherwise ineligible under the No-Action

Alternative.

A summary of the environmental effects associated with this mitigation are

given in Table 2.8.

Residences with UFFI are eliminated from receiving tightening measures, thus,
only estimated HCHO concentrations change as compared to the Proposed Action.
Under this mitigation, HCHO concentrations would decrease from 1.1 to 0.09, 0.8
to 0.05, and 0.3 to 0.05 ppm in the typical apartment, single-family attached,
and single-family detached residence, respectively. The estimated concentra-
tions of all other pollutants are the same as for the Proposed Action.

TABLE 2.8. Summary of Environmental Impacts for Proposed
Action with Mitigation-By-Exclusion No. 1

Health Effects of:

HCHO

BaP

Radon

RSP
NO,
co

€0y

Energy

Cost

Socioeconomic

Land use

Water gquality

Mitigation-By-Exclusion No. 1

0.03 additional cancers per year per 100,000
people. (Range: 0.001 to 0.19 additional
cancers every year per 100,000 people)

Less than Proposed Action

0.3 additional lung cancers per year per 100,000
people. (Range: 0.03 to 3.6 additional lung
cancers per year per 100,000 people)

Same as Proposed Action

Same as Proposed Action

Same as Proposed Action

Same as Proposed Action

Savings of 102.8 annual MW in addition to
existing program (Range: 82.7 to 161.3 MW)

$1142.9 million over No-Action (Range: $813.8 to
$1514.5)

29,144 installer years required
S1ightly less than Proposed Action

S1ightly less than Proposed Action




Under this mitigation, people living in residences with UFFI would not receive
tightening measures and therefore would not be exposed to greater concentra-
tions of any pollutants. However, a residence without UFFI could receive
tightening measures under this mitigation, and the health effects for occupants
in these residences would be similar to those for the Proposed Action. On a
regional basis, the cumulative health effects of HCHO would be reduced because
the number of people exposed is less, and the average indoor concentration of
HCHO used to estimate health effects would be smaller because UFFI is no longer
a potential source.

Under this strategy, it is estimated that 0.03 cancers per year per 100,000
persons will occur from increased HCHO exposure. This value is above that
expected for the No-Action Alternative. The estimated range of additional
cancers is 0.001 to 0.19 cancers per year per 100,000 people.

Because the total number of people affected by this measure is less than for
the Proposed Action, the cumulative number of BaP and radon-induced lung can-
cers is reduced. A specific estimate for BaP is not possible because no infor-
mation exists giving the percentage of residences that have both UFFI and wood
stoves. For radon, 0.3 lung cancers per year per 100,000 people are estimated
to occur over the No-Action Alternative. This is approximately equal to the
effect of the Proposed Action. The estimated range is 0.03 to 3.6 cancers per
year per 100,000 people.

2.5 MITIGATION-BY-EXCLUSION NO. 2--(Exclude Unvented Combustion Appliances)

This mitigation eliminates residences with unvented combustion appliances,
namely, gas stoves and portable space heaters, from receiving tightening mea-
sures. The purpose of this exclusion is to reduce the additional number of
cancers developing from increases in HCHO concentrations and to reduce the
individual risk from elevated levels of CO, CO,, oxides of nitrogen, and RSP,
Other sources of these pollutants would still Ee present, but the total emis-
sion to the residence would be greatly reduced.

This strategy, if applied to the Proposed Action, would offer tightening mea-
sures to 1,186,000 residences that are otherwise ineligible under the No-Action
Alternative.

A summary of the environmental effects associated with this mitigation are
given in Table 2.9.

If this mitigation were adopted, the average residence would no longer be
assumed to have a gas stove or a space heater. Thus, the estimated concentra-
tions of CO, CO, and oxides of nitrogen in the typical residences decrease well
below either NA&QS or ASHRAE gquidelines and no health effects are expected in
tightened residences. Because RSP concentrations are dominated by emissions
from cigarettes, adoption of this mitigation does not significantly reduce
estimated RSP levels.

Only a small percentage of the electrically heated residences in the region
have unvented combustion appliances, and therefore only a few occupants would
be affected (see Appendix I, Table I.3). Because only a few residences are
excluded and, because unvented combustion appliances have little or no effect

2.28




TABLE 2.9. Summary of Environmental Impacts for Proposed
Action with Mitigation-By-Exclusion No. 2

Mitigation-By-Exclusion No. 2

Health Effects of:

HCHO Less than Proposed Action
BaP Same as Proposed Action
Radon Same as Proposed Action
RSP Same as Proposed Action
NO No health effects expected
co No health effects expected
€0, No health effects expected
Energy Savings of 104.3 annual MW in addition to
existing program (Range: 83.7 to 164.0 MW)
Cost. $1161.8 million over No-Action (Range: $827.8 to
$1539.2)
Socioeconomic 29,626 installer years required
Land use Slightly less than Proposed Action
Water quality Slightly less than Proposed Action

on indoor concentrations of HCHO, BaP, and radon, the change to the total
regional health effect is very minimal. Thus, the estimated health effects are
nearly the same as the Proposed Action.

Because only a small percentage of the eligible residences would be eliminated
from receiving tightening measures, the expected energy savings is very nearly
that of the Proposed Action. Likewise, the effects on land use and water
quality, and program cost are similar.

2.6 MITIGATION-BY-EXCLUS1ON NO. 3--(Exclude Basement, Slab, or Unventilated
Crawl Space)

Under this mitigation those residences with a basement, built slab on grade, or
without an adequately ventilated crawl space would not be eligible to receive
tightening measures. This mitigation would reduce the additional number of
radon-induced lung cancers for all residence types. Because sources of radon
would still be present, however, the resulting concentrations in the various
residence types is not expected to be as high as estimated for the Proposed
Action.
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This strategy, if applied to the Proposed Action, would offer tightening mea-
sures to 449,000 residences that are otherwise ineligible under the No-Action
Alternative.

A summary of the environmental impacts associated with this mitigation is given
in Table 2.10.

With these residences eliminated from receiving tightening measures, only the
estimated radon concentrations are changed as compared to the Proposed

Action. The estimated concentrations of all other pollutants would remain the
same as for the Proposed Action.

Under the mitigation, radon concentrations would decrease 4.6 to 2.8, 7.0 to
3.6, 2.8 to 1.8, and 2.0 to 1.0 pCi/% in the average apartment, mobile home,
single-family attached, and single-family detached residence, respectively, in

TABLE 2,10, Summary of Environmental Impacts for Proposed
Action with Mitigation-By-Exclusion No. 3

Mitigation-By-Exclusion No. 3

Health Effects of:

HCHO Less than Proposed Action
BaP Less than Proposed Action
Radon 0.04 additional lung cancers per year per

100,000 people (Range: 0.02 to 0.34 additional
cancer per year per 100,000 people)

RSP Same as Proposed Action
NO, Same as Proposed Action
co Same as Proposed Action
€Oy Same as Proposed Action
Energy Savings of 52.1 annual MW in addition to
existing program (Range: 44.0 to 73.4 MW)
Cost $450.3 million over No-Action (Range: $315.9
to $598.9)
Socioeconomics 11,483 installer years required
Land use Up to 926 acrés not lost
Water quality Up to 0.66 thousand acre-ft of water not

withdrawn; up to 1.0 thousand tons of effluents
and 2.6 quadrillion Btu not released
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most areas of the region. In the high-radon areas of the region, concentra-
tions would decrease to 6.9, 9.0, 4.6, and 2.4 pCi/2 from concentrations of 2
to 3 times higher than those in most areas of the region, for the average
apartment, mobile home, single-family attached, and single-family detached
residences, respectively. The estimated concentrations of all other pollutants
remain the same as the Proposed Action.

Residences receiving tightening measures under this mitigation would experience
greater concentrations of pollutants and thus greater risks of health effects,
than if the No-Action Alternative was chosen. These residences could have all
other pollutant sources as under the Proposed Action but would have a venti-
lated crawl space with a ground cover and an underfloor vapor barrier. Thus,
the cumulative number of lung cancers developing from increased radon exposure
would be reduced. It is estimated that 0,04 additional lung cancer above the
No-Action level will occur per year per 100,000 people. The estimated range of
impact is 0.02 to 0.34 cancers per year per 100,000 people.

The cumulative number of cancers developing from increased BaP and HCHO expo-
sure are also reduced because the total number of people affected is reduced.
Data regarding the number of residences with the various combinations of
sources is not available, and therefore the total change in impacts from BaP
and HCHO could not be estimated. The estimated health effects for all other
pollutants are the same as for the Proposed Action.

Because of the large number of residences excluded, energy savings would be
reduced to 52.1 annual average MW. Land use and water quality effects would
also be reduced.

2.7 MITIGATION-BY-EXCLUSION NO., 4--(Exclude Well Water)

With this mitigation those residences that use well water for their domestic
water supply would not be eligible to receive tightening measures. This miti-
gation would reduce the cumulative number of radon-induced lung cancers for all
residence types. Sources of radon would still be present, however, but the
resulting concentrations in the various residence types is not expected to be
as high as estimated for the Proposed Action.

This strategy, if applied to the Proposed Action, would offer tightening mea-
sures to about 782,000 residences that are otherwise ineligible under the No-
Action Alternative.

A summary of the environmental impacts associated with this mitigation is given
in Table 2.11. Due to the nature of this mitigation, the largest change in
environmental impacts would be the cumulative health effects associated with
radon. However, the total cumulative health effects from BaP and HCHO are
potential energy savings, land use, and water quality benefits.

Under this mitigation, radon concentrations would decrease from 4.6 to 0.4, 7.0
to 0.4, 2.8 to 0.3, and 2.0 to 0.3 pCi/& in the average apartment, mobile home,
single-family attached, and single-family detached residence, respectively, in
most areas of the region, and would decrease from concentrations 2 to 3 times
greater in the high-radon areas to 0.9, 1.1, 0.8, and 0.8 pCi/2 in the average
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TABLE 2.11. Summary of Environmental Impacts for Proposed
Action with Mitigation-By-Exclusion No. 4

Mitigation-By-Exclusion No. 4

Health Effects of:

HCHO Less than Proposed Action
BaP Less than Proposed Action
Radon 0.2 additional lung cancers every year per

100,000 people (Range: 0.002 to 1.6 additional
lung cancers every year per 100,000 people)

RSP Same as Proposed Action

NO, Same as Proposed Action

Co Same as Proposed Action

0, Same as Proposed Action

Energy Savings of 92.0 annual MW in addition to existing
program (Range: 75.2 to 142.5 MW)

Cost $980.4 million over No-Action (Range: $698.5 to
$1299.0)

Socioeconomics 25,798 installer years required

Land use Up to 2,148 acres not lost

Water quality Up to 1.16 thousand acre-ft of water not

withdrawn, up to 2.4 thousand tons effluents and
6.0 quadrillion Btu not released

apartment, mobile home, single-family attached, and single-family detached
residence, respectively. The estimated concentrations of all other pollutants
remain the same as the Proposed Action.

Because residences receiving tightening measures under this mitigation would
experience greater pollutant concentrations, health effects would increase over
the No-Action Alternative. A residence receiving tightening measures under
this mitigation could have all potential pollutant sources, but would be served
by a municipal water supply system or some other vented system. Therefore, the
additional number of cancers developing from increased radon exposure is
reduced., It is estimated that 0.2 additional lung cancers per 100,000 people
above the No-Action Level would develop every year. The estimated range of
impact is 0.002 to 1.6 additional cancers every year per 100,000 people.




Also, the cumulative number of lung cancers developing from increased BaP and
HCHO exposure is reduced, because the total number of people affected under the
program is reduced. Data regarding the number of residences with the various
combinations of sources is not available, and therefore the total change in
cancers from BaP and HCHO could not be estimated. The health effects for all
other pollutants is the same as for the Proposed Action.

Because residences are excluded from receiving tightening measures, potential
energy savings and land use and water quality effects are reduced.

2.8 MITIGATION-BY-EXCLUSION NO., 5--(Exclude Wood Stoves)

Under this mitigation, those residences with wood stoves would not be eligible
to receive tightening measures. This mitigation would reduce the additional
number of BaP-induced lung cancers for all residence types. The other source
of BaP in residences (smoking) is still expected. However, the resulting con-
centrations in the various residence types are not expected to be as high as
estimated for the Proposed Action.

This strategy, if applied to the Proposed Action, would offer tightening mea-
sures to about 786,000 residences that are otherwise ineligible to receive
tightening measures under the No-Action Alternative.

A summary of the environmental impacts associated with this mitigation is given
in Table 2.12.

Under this mitigation BaP concentrat10n§ would decrease from 11.9 to 3.9, 15.2
to 4.9, 7.2 to 2.3, and 3.2 to 1.0 ng/m”, in the average apartment, mobile
home, single-family attached, and single-family detached residence,
respectively. The estimated concentrations of all other pollutants remain the
same as the Proposed Action.

Residences receiving tightening measures under this mitigation would experience
higher pollutant concentrations and thus greater risk of health effects than if
the No-Action Alternative were chosen. Residences would have all potential
pollutant sources, except a wood stove. The additional number of lung cancers
developing from increased BaP exposure is 0.002 additional cancers per 100,000
people per year above the No-Action Level. The estimated range of impact is
0.0004 to 0.02 additional lung cancers per year per 100,000 people.

In addition, the estimated number of cancers developing from increased radon
and HCHO exposure is reduced because the total number of people effected is
reduced. It is estimated that for radon 0.02 additional lung cancers per
100,000 people every year above the No-Action Level would occur under this
mitigation. The estimated range of impact is 0.002 to 0.25 additional cancers
per year per 100,000 people.

As for HCHO, data regarding the number of residences with various combinations
of sources is not available and therefore the total change in HCHO-induced
cancer could not accurately be estimated. The estimated health effects for all

other pollutants are the same as the Proposed Action.




TABLE 2.,12. Summary of Environmental Impacts for Proposed
Action with Mitigation-By-Exclusion No. 5

Mitigation-By-Exclusion No. 5

Health Effects of:

HCHO less than Proposed Action

BaP 0.002 additional lung cancers per year per
100,000 people. (Range: 0.004 to 0.02
additional lung cancers per year per 100,000
people)

Radon 0.02 additional lung cancers per year per 100,000
people. (Range: 0.002 to 0.25 additional lung
cancers per year per 100,000 people)

RSP Same as Proposed Action
Nox Same as Proposed Action
co Same as Proposed Action
€0, Same as Proposed Action
Fheray srogram. . (Range: 611 to 107.6 M) o
Cost $698.6 million over No-Action (Range: $495.1 to
$927.2)
Socioeconomics 17,814 installer years required
Land use Up to 1646 acres not lost
Water quality Up to 0.91 thousand acre-ft of water not

withdrawn, up to 1.9 thousand ton of effluents
and 4.5 quadrillion Btu not released

Because residences are excluded from receiving tightening measures, potential
energy savings and land use and water quality effects are reduced.

2.9 MITIGATION-BY-EXCLUSION NO. 6--(Exclude Mobile Homes)

This mitigation would exclude mobile homes from receiving some tightening mea-
sures. All other residence types would be eligible to receive the tightening
measures. Mobile homes have a higher percentage of HCHO sources per volume in
comparison to other residence types. They are constructed with a large propor-
tion of hard plywood, which is the second highest contributor of HCHO, after
UFFI. This mitigation would reduce the total regional HCHO-induced cancers by
eliminating many of the higher risk residences. The pollutant concentrations
in other residence types would be the same as for the Proposed Action.
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It should be noted that the Department of Housing and Urban Development (HUD)
is proposing to revise its "Manufactured Home Construction and Safety Stan-
dards," (HUD 1983). HUD has determined that average indoor concentration
levels of HCHO that do not exceed 0.4 ppm provide reasonable protection to
manufactured home occupants. They would require manufacturers to certify that
HCHO emissions not exceed 0.2 ppm for plywood and 0.3 ppm for particle board as
measured by the Air Chamber Test Method. If the proposed HUD Standard is
promulgated, mobile homes should be eligible for tightening measures.

This action would offer tightening measures to about 983,000 residences that
are otherwise ineligible under ‘the No-Action Alternative.

A summary of the environmental impacts associated with this mitigation is given
in Table 2.13.

Under this mitigation, because the total number of people effected is reduced,
the cumulative health effects from increased HCHO, BaP, and radon exposure are
reduced.

An estimated 0.01 additional HCHO-induced cancer per year per 100,000 people
above the No-Action Level would occur. The estimated range of effects is 0.001
to 0.12 additional cancers per year per 100,000 people. For BaP, 0.34 addi-
tional lung cancers per year per 100,000 people above the No-Action Level would
occur., The estimated range of impact is 0.05 to 2.9 lung cancers per year per
100,000 people. For radon, 0.27 additional lung cancers per year per 100,000
people above the No-Action Level is estimated to occur. This estimate could
range from 0,02 to 1.6 additional lung cancers per year per 100,000 people.

The estimated health effects for all other pollutants are the same as the
Proposed Action,

Because the total number of residences that are tightened is reduced, the
energy savings and land use and water quality effects are slightly reduced.

2.10 MITIGATION-BY-EXCLUSION NO. 7--(Exclude Apartments)

This mitigation would not provide tightening measures to apartments. Al1l other
residence types would be eligible to receive the tightening measures. Apart-
ments are smaller in volume than other residence types and are generally
tighter before and after weatherization. Therefore, they have higher average
concentrations of indoor air pollutants than other residence types. This
higher concentration results in a greater risk of health impact compared to
other residence types. On a regional basis, apartments are responsible for a
larger percentage of health impacts than they should be, given their percentage
of total residence types.

This action would offer tightening measures to about 959,000 residences that
are otherwise ineligible under the No-Action Alternative.

A summary of the environmental impacts associated with this mitigation is given
in Table 2.14.




TABLE 2.13. Summary of Environmental Impacts for Proposed
Action with Mitigation-By-Exclusion No. 6

Mitigation-By-Exclusion No. 6

Health Effects of:

HCHO 0.1 additional cancer per year per 100,000 people
(Range: 0.001 to 0.12 additional cancers per
year per 100,000 people)

BaP 0.34 additional lung cancers per year per 100,000
people (Range: 0.05 to 2.9 additional lung
cancer per year per 100,000 people)

Radon 0.27 additional lung cancers per year per 100,000
people (Range: 0.02 to 1.6 additional lung
cancers per year per 100,000 people)

RSP Same as Proposed Action

NO, Same as Proposed Action

co Same as Proposed Action

c02 Same as Proposed Action
FRendt existing progran (Range: 79.9. o 15.9 M)
Cost $1031.7 million over No-Action (Range: $746.1 to
- $1351.3)
Socioeconomics 26,308 installer years required
Land use Up to 2,361 acres not lost
Water quality Up to 1.26 thousand acre-ft of water not

withdrawn, up to 2.7 thousand tons of effluents
and 6.5 quadrillion Btu not released

Under this mitigation, all residences, except apartments, could receive
tightening measures. The estimated pollutant concentrations in apartments
would remain the same as under the No-Action Alternative. The estimated pol-
lutant concentrations in other residences would be the same as estimated for
the Proposed Action, so the individual risk of health effects would be the
same. However, because the total number of people affected is reduced, the
cumulative health effects from increased HCHO, BaP, and radon exposure is
smaller. An estimated 0.03 additional HCHO-induced cancers per year per
100,000 persons above the No-Action Level would occur. The expected range of
effects is 0.001 to 0.26 additional cancers per year per 100,000 people. For
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TABLE 2.14. Summary of Environmental Impacts for Proposed
Action with Mitigation-By-Exclusion No. 7

Mitigation-By-Exclusion No. 7

Health Effects of:

HCHO 0.03 additional cancers per year per 100,000
people (Range: 0.001 to 0.26 additional cancers
per year per 100,000 people)

BaP 0.4 additional lung cancers per year per 100,000
people (Range: 0.05 to 3.8 additional lung
cancers per year per 100,000 people)

Radon 0.2 additional lung cancers per year per 100,000
people (Range: 0.03 to 3.0 additional lung
cancers per year per 100,000 people)

RSP Same as Proposed Action
NO, Same as Proposed Action
co Same as Proposed Action
€0, Same as Proposed Action
Energy Savings of 92.7 annual MW in addition to the
existing program (Range: 73.0 to 145.1 MW)
Cost $1036.9 million over No-Action (Range: $738.9 to
$1372.9)
Socioeconomics 26,441 installer years required
Land use Up to 1,799 acres not lost
Water quality Up to 1.17 thousand acre-ft of water not

withdrawn, up to 2.0 thousand tons of effluents
and 5.0 quadrillion BTU not released.

BaP, 0.4 additional lung cancers per year per 100,000 people above the No-
Action Level would occur. The expected range of effects is 0.05 to 3.8 addi-
tional lung cancers per year. For radon, 0.2 additional lung cancers per year
per 100,000 people above the No-Action Level is estimated to occur. This esti-
mate could range from 0.03 to 3.0 additional cancers per year per 100,000
people.

Because the total number of residences that are tightened is reduced, the
energy savings and land use and water quality effects are slightly reduced.




2,11 MITIGATION-BY-ACTION NO, 1--(Formaldehyde Monitoring)

Under this mitigation, HCHO concentrations in residences would be measured
after tightening. If the concentration exceeds some established level, then
AAHXs or some other equivalent technique would be installed in the residence to
ensure that the HCHO concentration within the residence did not exceed the
level. In this analysis, a level of 0.4 ppm was used. The 0.4 ppm level is
the same as the Wisconsin State Standard for indoor HCHO concentrations (see
Section 3.1). This mitigation would reduce the additional number of HCHO-
induced cancers. It would also reduce the individual risk of HCHO-induced
cancer and possible irritation effects to those residents who receive AAHXs.

In addition, residences with AAHXs would show little or no increased concentra-
tions of the other pollutants. However, the operation of an AAHX may increase
indoor noise due to intake and exhaust fans and associated air movement.

This strategy would offer tightening measures to all residences that are
otherwise ineligible to receive them under the No-Action Alternative.

A summary of the environmental effects associated with this mitigation is given
in Table 2.15. Under the Proposed Action, HCHO concentrations were estimated
to exceed 0.4 ppm in the average apartment, mobile home, and single-family
attached residence. However, this estimate assumed that the average residence
had UFFI. According to Table 1.3, no apartments in the region have UFFI.

Under this condition, the average concentration in apartments is below 0.4 ppm,
and mobile homes and single-family attached residences would experience HCHO
concentrations above the acceptability level. In reality, any of the four
residence types could have HCHO concentrations above the 0.4 ppm level. The
calculations completed for this mitigation involving the additional number of
HCHO-induced cancers is entirely based on the number of single-family attached
residences with UFFI that actually participate in the program. Using Appen-
dix I, different levels besides 0.4 ppm could be established and the additional
HCHO-induced cancers could be estimated which might involve other residence
types besides single-family attached residences.

Because only a small percentage (approximately 3.5%) of single-family attached
residences have UFFI and not all of those residences are expected to partici-
pate in the program, the effectiveness of this mitigation is limited. In fact,
the additional number of HCHO-induced cancers above the No-Action Alternative
is the same as for the Proposed Action. These residences, however, would be
less likely to experience possible irritation effects from elevated HCHO lev-
els. Individual risk for occupants of residences receiving AAHXs may decrease.

The estimated health effects from exposure to elevated levels of BaP, radon,
RSP, oxides of nitrogen, CO, and CO, is less than estimated for the Proposed
Action in those residences receiving AAHXs. For all other residences, the
estimated effects are the same as for the Proposed Action.

Under this mitigation, the cost of monitoring is estimated at $30.00 per resi-
dence. This cost includes the purchase of a passive pollutant detector and the
processing of the detector. It also includes administrative cost for conduct-
ing the monitoring. Air-to-air heat exchangers are currently estimated to cost
an average of $550 for an installed wall/window unit and $1350 for a unit
equipped with central ducting. It is estimated that between 29,267 and
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TABLE 2.15. Summary of Environmental Impacts for Proposed Action
with Mitigation-By-Action No. 1

Mitigation-By-Action No. 1

Health Effects of:

HCHO No additional cancers

BaP Same as Proposed Action

Radon Same as Proposed Action

RSP Less than Proposed Action in some single-family

attached residence. Same as Proposed Action for
all other residence types.

NO Less than Proposed Action in some single-family
attached residence. Same as Proposed Action for
all other residence types.

co Less than Proposed Action in some single-family
attached residence. Same as Proposed Action for
all other residence types.

€0, Less than Proposed Action in some single-family
attached residence. Same as Proposed Action for
all other residence types.

Energy Less than Proposed Action (105.6 annual MW)
Cost $20 to $25 million over Proposed Action
Socioeconomics At least 30,205 installer years required
Land use Less than Proposed Action

Water quality Less than Proposed Action

1,305,801 residences would receive monitors and between 3744 and 4352 AAHXs
would be installed under this mitigation. Total monitoring and installation
costs range from $3.0 to $45.1 million to implement the mitigation in addition
to the costs of Proposed Action.

2.12 MITIGATION-BY-ACTION NO. 2--(Air-to-Air Heat Exchangers for Wood Stoves)

Under this mitigation all residences with wood stoves that received tightening
measures would also receive an AAHX so that the original air-exchange rate of
the residence is restored. For these residences, estimated health effects
would be the same as for the No-Action Alternative. Residences without wood
stoves would still be eligible to receive the tightening measures. The opera-
tion of an AAHX may increase indoor noise due to intake and exhaust fans and
associated air movement.
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This mitigation would offer tightening measures to 951,000 residences that are
ineligible to receive them under the No-Action Alternative. An estimated
328,852 to 381,893 of these residences would receive AAHXs. A summary of the
environmental effects associated with this mitigation is given in Table 2.16.

Because residences with wood stoves would receive AAHXs, the additional effects
above the No-Action Level would be due to increased pollutant concentrations in
other residences receiving tightening measures. The estimated pollutant con-
centrations would be about 78% of the levels estimated for the Proposed

TABLE 2.16. Summary of Environmental Impacts for Proposed Action
with Mitigation-By-Action No. 2

Mitigation-By-Action No., 2

Health Effects of:

HCHO No additional cancers

BaP 0.002 additional lung cancers per year per
100,000 people (Range: 0.0004 to 0.02 additional
lung cancers every year per 100,000 people)

Radon 0.002 additional lung cancers per year per
100,000 people (Range: 0.02 to 2.0 additional
lung cancers per year per 100,000 people)

RSP Same as No-Action Alternative for residences with
wood stoves. Same as Proposed Action for all
other residence types.

NOy Same as No-Action Alternative for residences with
wood stoves. Same as Proposed Action for all
other residence types.

co Same as No-Action Alternative for residences with
wood stoves. Same as Proposed Action for all
other residence types.

Co, Same as No-Action Alternative for residences with
wood stoves. Same as Proposed Action for all
other residence types.

Energy Less than Proposed Action (98.8 MW)

Cost $250 to $614 million over Proposed-Action
Socioeconomics At least 30,205 installer years required
Land use Less than Proposed Action

Water quality Less than Proposed Action




Action. The effect of RSP, oxides of nitrogen, CO, and CO, would be the same
as for the Proposed Action in those residences without wood stoves.

Because the air-exchange rate in residences with wood stoves receiving tighten-
ing measures would be returned to its original level, these residences would
experience no additional environmental effects above the No-Action Alternative
Level. The total number of people affected would be reduced, as would the
additional number of cancers developing from increased HCHO, BaP, and radon
levels. The individual risk of health effects in those residences without wood
stoves is the same as estimated for the Proposed Action.

Because of the nature of this mitigation, the estimated effect is essentially
the same as for Mitigation-By-Exclusion No. 5. That is, providing AAHXs to
those residences with wood stoves has the same effect as eliminating them from
the program, in terms of health effects.

Air-to-air heat exchangers are currently estimated to cost an average of $550
for an installed wall/window unit and $1350 for an installed central system.
It is estimated that between 328,852 and 381,883 residences would need the
devices. It is estimated that between $180.7 and $515.6 million would be
needed to implement this mitigation, in addition to the costs of the Proposed
Action.

Because an AAHX requires power to operate, the net energy savings of this
mitigation are less than for the Proposed Action. It is estimated that 98.8
annual MW would be saved in comparison to the No-Action Alternative. Thus, the
land use and water quality benefits would also be less than for those estimated
under the Proposed Action.,

2.13 MITIGATION-BY-ACTION NO. 3--(Radon Monitoring)

Under this mitigation, radon concentrations in residences would be measured
after tightening. If the concentration exceeds some established level, then
AAHXs would be installed in the residence to ensure that radon concentrations
are kept below that level. A level of 3 pCi/% was chosen for analysis and
approximately corresponds to the 0.015 working level (see Glossary) that has
been established by the U.S. Environmental Protection Agency (EPA) as accept-
able for residences built on reclaimed phosphate lands (see Appendix N). This
mitigation would reduce the cumulative number of radon-induced lung cancers and
the individual risk to those persons living in residences receiving AAHXs. In
addition, residences that receive the devices would experience no increases in
the other pollutant levels and may have lower pollutant levels.

This strategy would offer tightening measures to all residences that are
ineligible to receive them under the No-Action Alternative.

A summary of the environmental effects associated with this mitigation is given
in Table 2.17. Under the Proposed Action, it was estimated that radon concen-
trations would exceed 3 pCi/e in approximately 9% of all residence types
located in the region. Note that estimated concentrations under the Proposed
Action assume radon emanation rates from the soil, building materials, and well
water that may never occur in the Pacific Northwest Region. Also, only a small
percentage of the residences in the region are built slab-on-grade, or with a
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TABLE 2.17. Summary of Environmental Impacts for Proposed Action
with Mitigation-By-Action No. 3

Health Effects of:

HCHO
BaP

Radon

RSP

No

co

co,

Energy

Cost

Socjoeconomics

Land use

Water quality

Mitigation-By-Action No. 3

No additional cancers

0.34 additional lung cancers per year per 100,000
people (Range: 0.5 to 3.1 additional lung
cancers per year per 100,000 people)

0.29 additional lung cancers per year per 100,000
people above No-Action Alternative (Range: 0.03
to 2.9 additional lung cancers per year per
100,000 people)

Same as Proposed Action for residences not
receiving AAHXs. Less than No-Action Alternative
for all other residence types

Same as Proposed Action for residences not
receiving AAHXs. Less than No-Action
Alternatives for all other residence types

Same as Proposed Action for residences not
receiving AAHXs. Less than No-Action Alternative
for all other residence types

Same as Proposed Action for residences not
receiving AAHXs. Less than No-Action Alternative
for all other residence types

Less than Proposed Action (100.8 to 105.3 MW)

$108.5 to $202.6 million dollars over Proposed
Action

At least 30,205 installer years required
Less than Proposed Action

Less than Proposed Action

basement, or an unvented crawl space, and are served by well water. If resi-
dences did not use well water to supply their domestic needs (and a low percen-
tage do according to the region survey--see Table 1.3), then estimated radon
concentrations would be 30 to 50% lower. The highest average value would be
1.2, 0.6, and 0.8 pCi/2 in apartments, single-family attached, and single-
family detached residences, respectively, in most areas of the region and would

2.42




be 8.4, 4.0, and 5.3 pCi/e in apartments, single-family attached, and single-
family detached residences, respectively, in the high-radon areas of the
region. Mobile homes do not fall in this category because of the absence of
the particular foundation style being considered. For this condition, the use
of AAHXs for residences with measured concentrations over 3 pCi/¢ is more
achievable.

The additional number of radon-induced cancers are estimated in the same way as
was done for the Proposed Action. However, the resulting concentrations after
tightening measures were installed were limited to 3 pCi/2. Because of the
methodology used in estimating cumulative health effects and because of the
lack of data, the additional number of HCHO and BaP-induced cancers were esti-
mated using a ratio method that accounts for the number of AAHXs required.

It is estimated that 0.29 additional radon-induced lung cancers per 100,000
persons per year would occur above the No-Action Alternative. This result is
based on the calculation that an increase would occur for residences in most
areas of the region, but that the increase would be offset by a decrease for
residences in the high-radon region. The decrease occurs because concentra-
tions in residences receiving AAHXs would be below that estimated under the No-
Action Alternative. Thus, the installation of the devices would improve the
indoor air quality within the residence. The use of AAHXs removes from the
calculation those residences that are estimated to experience the highest
increases in radon levels. On an individual basis, the actual risk of health
effects in residences that do not receive AAHXs is the same as for the Proposed
Action. However, those residences would have lower than average radon concen-
trations before tightening and therefore, the increase in concentrations
because of tightening is less important. Accounting for the number of AAHXs
that would be installed, and considering no increase in HCHO concentrations in
residences receiving AAHXs, no additional cancers would occur above the No-
Action Alternative. For BaP, 0.34 additional lung cancers per year per 100,000
people would occur above the No-Action Alternative. The expected range is 0.05
to 3.1 additional lung cancers per year per 100,000 people.

For residences receiving AAHXs, the health effects from the other pollutants
(RSP, oxides of nitrogen, CO, and C0,) would be significantly less than
estimated for the Proposed Action. &esidences not receiving the devices are
estimated to experience the same health effects as the Proposed Action.

Under this mitigation, the cost of monitoring is estimated at $36.30 per resi-
dence. This cost includes the purchase of a passive pollutant detector and the
processing of the detector. It also includes an administrative cost for con-
ducting the monitoring. Air-to-air heat exchangers are currently estimated to
cost $550 to $1350 to purchase and install. Approximately 117,522 residences
are estimated to receive AAHXs for the assumptions given under this mitigation.
Therefore, it is estimated that $108.5 to $202.6 million would be required to
implement the mitigation, in addition to the costs of the Proposed Action.

Because an AAHX requires power to operate, the net energy savings of this
mitigation is less than for the Proposed Action. It is estimated that 105.3
annual MW would be saved in comparison to the No-Action Alternative. Thus, the
land use and water quality benefits would be less than for those estimated
under the Proposed Action.
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2.14 MITIGATION-BY-ACTION NO. 4 (Informational Booklet)

This mitigation involves providing information on indoor air quality to
occupants of residences that receive tightening measures. It includes
information on indoor air pollutants, their potential health effects, ways to
monitor pollutant levels, ways to reduce them, and reference sources where more
information is available.

Specific information provided will include the following:

® possible detrimental effects of operating a wood stove inside a tightened
house

® possible detrimental effects of smoking inside a tightened house.

The information would be in a booklet similar to one called "Indoor Air
Quality," which is now given to residents partitipating in the present
program. This new booklet would contain the following types of specific
information.

Concerning wood stove operation, the booklet would point out that in a resi-
dence with a smoker and a wood stove, about 70% of the estimated BaP concen-
trations would be from operation of the stove. The expected levels would be
similar to that occurring in a tavern or other area where a lot of smoking is
occurring. It would point out that some researchers believe that BaP causes
lung cancer and that increasing the level in a residence would directly
increase the risk of lung cancer for residents.

On smoking, statistics from the Surgeon General's 1982 report to Congress would
be cited. Specifically, evidence indicating that cigarette smoking is the
major responsible agent for 30% of all cancer deaths, and 85% of lung cancer
cases could be included (Medical Tribune 1982). The booklet could further cite
the statistic that about 85% of the cancer cases of the larynx, oral cavity,
and esophagus are smoking related, as are 10 to 40% of all cancer cases of the
bladder and kidney, and probably 30% of all cancer cases of the pancreas.

In addition, two other points would be emphasized: 1) the excessive and
expanding cost of medical care can be attributed to the number of physician
visits, hospitalizations, operations, and continued care of cancer patients
(Medical Tribune 1982) and 2) the effect of smoking on children. The latter
wou ld emphasize that children with smoking parents experience more days of
restricted activity due to acute respiratory illness as compared to children
who live with nonsmoking parents. Also, direct exposure of children to
cigarette smoke has a damaging effect on lung function (Pediatric News 1981).

The effect of such a booklet on the use of wood stoves or the amount of ciga-
rette smoking taking place in a residence is unknown. Because of the uncer-
tainty of such a measure's effectiveness, specific changes in the effects on
human health, energy savings, acceptability, and program cost cannot be com-
pared to the Proposed Action. However, in view of the extent of the weather-
jzation program this type of strategy is generally considered beneficial. It
also serves to inform the public of the potential health effects.




2.15 SUMMARY OF MITIGATIONS

The following discussion summarizes the mitigations to the Proposed Action
according to the following broad categories: 1) HCHO, 2) BaP, 3) radon, and
4) other considerations. Figure 2.3 shows the estimated number of residences
that would be offered tightening measures under the Proposed Action and each
mitigation. Table 2.18 provides a pictorial representation of the major
environmental effects for the Proposed Action and for each mitigation.

Formaldehyde (HCHQ)

Mitigation-By-Exclusion No. 1, 2, and 6 and all the Mitigation-By-Action mea-
sures directly reduce HCHO-induced health effects. Of these, Mitigation-By-
Action No. 1 (formaldehyde monitoring) would reduce the additional health
effects by the greatest amount but would increase the overall program cost. It
would also decrease the energy savings by 0.1 annual MW. Mitigation-By-Exclu-
sion No. 6 (exclude mobile homes) would reduce the HCHO health effects by the
second greatest amount. The program cost under this mitigation would be
slightly less than the Proposed Action, and the energy savings would be near
that of the Proposed Action. Mitigation-By-Exclusion No. 1 (exclude UFFI)
reduces the additional health effects by very little. The energy savings would
be essentially the same as the Proposed Action. Mitigation-By-Exclusion No. 2
(exclude unvented combustion appliances) would reduce health effects very
slightly. Very few residences in the region have unvented combustion appli-
ances, so there would be little reduction in program cost (approximately $22.7
million) and a minor loss in energy savings (1.4 MW).

Benzo-[al-pyrene (BaP)

Mitigation-by-Exclusion No. 5, Mitigation-By-Action No. 2, and the mitigation
that provides an informational booklet on wood stoves and smoking are intended
to reduce BaP-related health effects. Both Mitigation-By-Exclusion No. 5
(exclude residences with wood stoves) and Mitigation-By-Action No. 2 (provide
AAHXs to residences with wood stoves) would reduce program health effects by
approximately the same amount. The Mitigation-By-Exclusion No. 5 decreases
program cost by about $485.9 million and reduces energy savings by 33.7 annual
MW compared to the Proposed Action. Mitigation-By-Action No. 2 would increase
program cost by $521.8 million and decrease energy savings by 6.9 annual MW in
relation to the Proposed Action. The health risk of cancer for individuals who
have AAHXs installed would remain approximately the same as that prior to
installation of tightening measures. The overall additional risk would be
reduced as described above.

Providing an informational booklet on woodstoves and smoking in a tightened
residence as a mitigation could potentially reduce health effects, but its

success would depend on whether or not occupants used the information. The
effects on program cost and energy savings would be inconsequential.

Radon
Mitigation-By-Exclusion No. 3 and 4 and Mitigation-By-Action No. 3 are direct

means for reducing radon-induced health effects from the Proposed Action.
Mitigation-By-Action No. 3 (radon monitoring) would reduce additional health
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TABLE 2.18., Comparison of Environmental Impacts Associated with the
Proposed Action and Various Mitigation Measures Above
the No-Action Level
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effects by 10%. That is, 0.29 additional cancers per year per 100,000 people
would be expected from radon with this mitigation as compared to 0.32 cancers
per year per 100,000 people for the Proposed Action. The program cost would
increase $108.5 to $202.6 million over the Proposed Action, and the energy sav-
ings would experience a small decrease of 0.4 annual MW. It should be noted,
as stated under HCHO, that changing the acceptable level for radon under this
mitigation would change the effects on health, energy saving, and program

cost. If the acceptable level were lowered, the health effects of the Proposed
Action could be reduced below the No-Action Alternative number of cancers, but
this action would increase program cost and reduce energy savings. Raising the
acceptable level for radon would have the opposite effect.

Mitigation-By-Exclusion No. 3 (exclude basements, slab-on-grade, or unventi-
lated crawl spaces) would reduce health effects by about 90% compared to the
Proposed Action. However, the number of eligible residences would be reduced
by 760,000 over the Proposed Action. Program cost would be decreased by $734.2
million and energy savings would be greatly decreased by 53.6 annual MW.
Mitigation-By-Exclusion No. 4 (exclude well water) would provide the least
reduction in health effects. It would not noticeably decrease cancers compared
to the Proposed Action. There would be a reduction in program cost of about
$204.1 million and a decrease in energy savings of 13.7 annual MW.

Other Considerations

Mitigation-By-Exclusion No. 7 (exclude apartments) is the only mitigation not
directed at any specific pollutant. The air quality analysis and model devel-
oped for estimating pollutant concentrations continually shows that apartments
are estimated to have the highest pollutant concentrations. Thus, by eliminat-
ing apartments from the Proposed Action, the number of higher risk residences
participating in the program would be less. This would lower by a greater
proportion the overall additional health effects for HCHO, BaP, and radon. The
health risk for all the other pollutants would remain the same as under the
Proposed Action. Program cost would be less ($147.6 million) and energy sav-
ings would be reduced by 13 annual MW.

Although Mitigation-By-Action No. 1 through 3 are directed at a specific pol-
lutant, these Mitigations would also reduce the health effects of all other
pollutants. For example, Mitigation-By-Action No. 1 would not only lower the
HCHO level in a residence receiving an AAHX but would also lower the concentra-
tions of radon, BaP, RSP, oxides of nitrogen, CO, and CO, in those resi-
dences. The same would be true for Mitigation-By-Action No. 2 and 3. An
individual's risk in residences receiving AAHXs would be reduced.

2.16 OTHER MITIGATIONS NOT INCLUDED

Other mitigations considered, but not included in the discussion, were air-
cleaning techniques such as filtration, electrostatic precipitation, ioniza-
tion, absorption, adsorption, and air circulation. Each of these techniques
has merit, but using a variety of techniques would be time-consuming and would
increase program costs. In addition, the effectiveness of individual tech-
niques for various residences currently is unknown presently. A detailed
description of these techniques is given in Appendix M.
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Fuel switching was not considered. For example, an electrically heated
residence with a gas stove could be converted to all electric or all gas
heat. This option is a policy decision and is not addressed in this docu-
ment. It could also interfere with public choice over the use of gas or
electricity.

Various other mitigations for the Proposed Action were not included because
they were not cost-effective, or they involved a technology that has yet to be
demonstrated, or they were impractical. Although these mitigations were
removed from inclusion at this time, further research may indicate their
usefulness.

A final mitigation not included was to remove the pollutant sources (that is,
the gas stoves, unvented space heaters, UFFI, and brick building material) or
to ban their use (e.g., not provide tightening measures for residences where
smoking occurs). Such an option would be impractical and could violate human
rights. This type of option would be regarded by various manufacturers as
interfering with the economic system and the right of public choice.

2.17 DELAYED ACTION ALTERNATIVE

Under the Delayed Action Alternative, the Proposed Action would not be imple-
mented immediately. Instead, the Proposed Action would be reconsidered 3 to 5
years later. This alternative would allow ongoing research programs to provide
more information on emission rates from pollutant sources, on air-exchange
rates and how these vary, and possibly on the relationship between pollutant
concentrations and the air exchange rates.

In addition, because the relationships between pollutant concentrations and
risks of health are uncertain, additional studies would be beneficial. How-
ever, these studies could take 20 to 40 years to complete with no guarantee of
substantially reducing the uncertainties. The Delayed Action would allow a
more precise delineation of the factors that lead to high concentrations of
indoor air pollutants. Thus, more precise and detailed mitigations to exclude
certain types of residences with high concentrations of pollutants could be
developed. Additionally, this delay could allow time for other technological
mitigations such as air cleaning, to become practical. The research on indoor
air pollutants conducted during the Delayed Action may reduce the uncertainty
in predicting pollutant concentrations. No guarantee exists, however, that the
research conducted during the delay would be successful in achieving these
goals.

Energy savings expected under the Proposed Action would be foregone during the
delay. Research into indoor air quality could cost up to $3 million and could
delay the program up to 3 years. Research into mitigation technologies would
also incur costs. Also, because the Proposed Action would not coincide with
the present program, BPA's administrative activities would be extended. This
could increase the costs of the program and, because the exact delay is not
specified, these costs cannot be estimated.

The Delayed Action Alternative would not change the estimated amount of energy
saved because the number of residences tightened would not change. If a Miti-
gation-By-Exclusion were used after the delay, less energy would be saved,
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because fewer residences would be tightened. Socioeconomic effects of the
Delayed Action would be identical with the Proposed Action except they would
occur later. Institutional effects of the Delayed Action Alternative could be
substantial. Many of the residences that are currently being audited and sup-
plied with nontightening measures su%h as insulation may need to be reevaluated
before tightening actions are taken. a) In effect, the Delayed Action Alter-
native could constitute, administratively and institutionally, a new program,
Also, if tightening were done on a residence that has had non-tightening mea-
sures under the present program, a new owner seeking tig?gﬁning under the pro-
gram would find less money available to cover the costs. The local utility
would also incur greater costs to maintain and update files under this
alternative.

2.18 ENVIRONMENTALLY PREFERRED ALTERNATIVE

Under this alternative, tightening measures would be provided to all homeowners
who wish to participate in the program. Each homeowner would receive a booklet
that describes indoor air quality, its cause, its potential health effects,
ways to monitor it, ways to mitigate it, and sources where more information is
available. Air-to-air heat exchangers would be provided as part of the program
to restore the original air exchange rate in each residence receiving the
tightening measures. An incentive would be provided to cover all or some
portion of the mitigation costs.

This alternative would offer tightening measures to 1,209,000 residences ineli-
gible to receive them under the No-Action Alternative. Of these, 815,527
single-family and 212,000 multifamily residences are expected to participate.

A summary of the environmental effects associated with this alternative is
given in Table 2.19. A discussion of these effects, by specific areas,
follows.

Air Quality

Since AAHXs would be installed in each residence to restore the original air
exchange rate, no additional impact on the indoor air quality would occur. The
estimated air quality would be the same as estimated under the No-Action
Alternative.

(a) This is particularly true if a transfer of ownership occurs during the
delay.

(b) Under the buy-back mechanism currently used by most utilities, the
heat loss analysis of a residence 'pools' the savings achieved by the
various measures. In effect, low-cost, high-savings measures such as
insulation subsidize higher-cost, lower-savings measures such as storm
windows. This subsidy effect is lost if the house has changed owners
during the delay, because the home is then treated as a new case.
(Information from Rick Reil, Benton County PUD, given to Jenifer Callaway,
PNL, in a telephone conversation on September 15, 1982.)

2.50




TABLE 2.19. Summary of Environmental Impacts for Environmentally
Preferred Alternative

Health Effects of:

HCHO Same as No-Action Alternative

BaP Same as No-Action Alternative

Radon Same as No-Action Alternative

RSP Same as No-Action Alternative

NO, Same as No-Action Alternative

co Same as No-Action Alternative

0, Same as No-Action Alternative
Energy Savings of 87.4 annual MW in addition to existing

program

Cost $565.2 to $1387.3 million over Proposed Action
Socioeconomics Increase Installer years over Proposed Action
Land use 183 to 2104 acres not lost depending on whether

the displaced fuel is nuclear or coal

Water quality 1.11 thousand to 7.1 million acre-ft of water not
withdrawn (depending on type of fuel),

2.3 thousand tons of effluents and 4.2 to 5.8
quadrillion BTU not released (depending on the
type of fuel)

Health Effects

Health effects associated with this alternative would be the same as estimated
for the No-Action Alternative. Therefore, health effects would be limited to
those occurring under the baseline condition, or the rate naturally occurring
in absence of a weatherization program.

Energy Saved

Energy savings would be the same as estimated for the Proposed Action less the
power required to operate the AAHXs. This power loss is estimated to be

23.3 MW, or about 20% of that estimated for the Proposed Action. Therefore,
the estimated energy savings under this alternative are 87.4 annual MW in
addition to the savings incurred under the present program.
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Socioeconomic and Institutional Effects

This alternative would have socioeconomic and institutional effects:
1) through cost associated with the program; 2) because employment in the
region would be affected; and 3) because the alternative would resolve the
institutional conflicts associated with the present limited program.

Cost Program cost would be greater than estimated for the Proposed Action.

The additional cost would result from purchasing and installing the AAHXs. The
magnitude of the additional cost is estimated to be $565.2 to $1387.3 mil-
lion. A range is given because it is not possible at this time to determine
whether a wall/window or central AAHX would be required for an individual
residence. The low value represents the assumption that only wall units are
required, while the high value assumes all residences would receive central
units.

Employment This alternative affects employment in two ways: 1) through
installer employment and 2) through induced expenditure resulting from the
primary employment. The number of installer years required would be greater
than that estimated under the Proposed Action. Therefore, at least 62,776
installer years will be required.

Institutional Conflicts This alternative would resolve the existing conflict
with Oregon regulations and would make the BPA Weatherization Program more
acceptable to its customer utilities.

Land Use

This alternative would reduce the demand for electrical energy compared to the
No-Action Alternative. Thus, the land committed or planned for construction of
generation facilities would be reduced. The actual amount of land not required
depends on the type of fuel replaced. If nuclear power were displaced, the
reduction would be 183 acres. If coal power were displaced, the reduction
would be 2104 acres.

Fish and Wildlife

The impact on fish and wildlife would be the same as estimated for the Proposed
Action.

Water Quality

If the amount of thermal generation of electricity is reduced, the amount of
heat and solid pollutants emitted to receiving waters would also be reduced.
Any reduction would mean improved water quality.

The amount of reduction depends on fuel type that is reduced. Based on the
amount of energy saved, 1.1 thousand to 7.1 million acre-ft of water would not
be withdrawn, 2.3 thousand tons of effluents, and 4.2 to 5.8 quadrillion Btu
would not be released to receiving waters.




2.19 BPA PREFERRED ALTERNATIVE

This alternative would be similar to the Proposed Action Alternative and
Mitigations-By-Action Measures 3 and 4, but would allow the homeowner to make
an informed choice regarding monitoring of radon within the residence and the
possibility of receiving AAHXs. This alternative would allow maximum
flexibility of the weatherization program, but still ensure minimum health
effects for the occupants within the residence.

Under this alternative, the participating homeowner would be provided a booklet
concerning indoor air quality. This booklet would describe the aspects of
indoor air quality, its potential health effects, ways to monitor it, ways to
mitigate it, and reference sources where more information is available.

After the residence has been audited, the homeowner would be advised of the
following options available concerning radon and BPA's assistance:

e Install tightening measures immediately and decline radon monitoring after
the weatherization is completed.

e Install tightening measures immediately and select radon monitoring after
the weatherization job is completed.

® Select radon monitoring before installing tightening measures.

The homeowner chooses one option. If monitoring is selected (i.e., option b or
c), the monitoring would involve a single radon detector deployed in a first
floor 1iving area for 3 months to one year. After the monitoring period has
been completed, the homeowner would be informed of the result by using a
graphic display that indicates where measured concentration is, compared to the
average for other residences in the region. The measured radon concentration
would also be expressed in terms of equivalent risk, such as 'cigarettes smoked
per day.' The measured concentration would also be compared to an Action Level
established by BPA, If the concentration exceeds the standard, the homeowner
would be eligible to receive a financial incentive to cover some amount of the
average regional cost for purchasing and installing an AAHX. The normal finan-
cial incentive would be available for purchase and installation of the tight-
ening measures.

This alternative would offer tightening measures to 1,209,000 residences
ineligible to receive them under the No-Action Alternative. Of these, about
815,527 single-family and 212,000 multifamily residences are expected to parti-
cipate. Of those participating, about 85% are expected to request monitoring
in their residence with approximately 4 to 15% finding radon concentration
above the Action Level established by BPA. This latter group would be those
residences located in high-radon areas. A summary of the environmental effects
associated with this alternative is given in Table 2.20.
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TABLE 2.20., Summary of Environmental Impacts for BPA Preferred Alternative

Health Effects of:

HCHO Slightly less than Proposed Action
BaP Slightly less than Proposed Action
Radon 0.23 to 0.32 additional lung cancers per year per

100,000 people, depending on Action Level chosen

RSP Same as No-Action or Proposed Action, depending
on whether or not an AAHX was installed

NO, Same as No-Action or Proposed Action, depending
on whether or not an AAHX was installed

co Same as No-Action or Proposed Action, depending
on whether or not an AAHX was installed
€0, Same as No-Action or Proposed Action, depending
on whether or not an AAHX was installed
Energy Saving of 104.5 annual MW in addition to existing
program
Cost $76.6 to $130 million over Proposed Action
Socioeconomics Increase installer-years over Proposed Action
Land use Very similar to Proposed Action
Water quality Very similar to Proposed Action

Air Quality

This alternative would increase the concentrations in those residences that do
not receive AAHXs. The magnitude of increase would be the same as estimated
for the Proposed Action. Those residences that receive AAHXs would not experi-
ence any reduction in the natural air exchange rate for that residence. The
estimated pollutant concentration would be the same as estimated for the No-
Action Alternative.

Health Effects

On an individual basis, those residences receiving air-to-air heat exchangers
would experience health effects that were estimated for the No-Action Alterna-
tive. All other residences would experience -health effects similar to that
estimated for the Proposed Action. The individual health effects (as distinct
from estimated regional health effects) for this alternative assume that all




pollutant sources are located within the residence. Most residences would not
have all sources, so actual health effects would be less than estimated, or
nonexistent.

The cumulative health effects for the region were also estimated. Depending on
the Action Level chosen, 0.23 to 0.32 additional lung cancers per year per
100,000 exposed people due to radon is estimated to occur. The Action Levels
considered were 2, 3, 4, 5 and 10 pCi/t. The estimated range under this
alternative is 0.03 to 3.7 additional lung cancers per year per 100,000

people. The estimated number of lung cancers due to BaP and cancers due to
HCHO exposure would be less than that estimated for the Proposed Action.

In reality the number of additional lung cancers is expected to be less than
estimated because the modeling technique is based on average concentration
values. The monitoring program will ensure that residences with higher origi-
nal radon levels will not experience large radon concentration increases.
Thus, the true average would be lower and the estimated additional cancers
would be less than noted above.

Energz

The estimated amount of energy saved, in addition to the present program, is
104.5 MW. This is only slightly less, 1.2 MW, than the amount estimated to be
saved under the Proposed Action. This reduction is due to the power penalty
for operating AAHXs.

Socioeconomic and Institutional Effects

This alternative would have socioeconomic and institutional effects that are
similar to those for the Proposed Action. These effects would be program cost,
increased employment, and resolution of existing conflicts. This alternative
would provide the homeowners in the region the maximum flexibility regarding
monitoring and possible mitigation of reduced indoor air quality levels.

Cost Program cost would increase by $76.6 to $130 million over that estimated
for the Proposed Action. The low value is for an Action Level of 10 pCi/%,
while the high value is for 2 pCi/2. The Action Level determines the estimated
number of AAHXs to be installed.

Employment This alternative is estimated to create employment for installing
the tightening measures and the AAHXs. It is expected that at least the level
estimated for the Proposed Action will occur, 30,205 installer years, and
probably more. This direct employment will provide additional secondary
employment similar to that estimated under the Proposed Action.

Institutional Conflicts This alternative would resolve the conflict with Oregon
requlations that require making all weatherization and tightening measures
available to all persons requesting them.

Residence As noted under the Proposed Action, implementation of this alterna-
tive would affect the homeowner directly by reducing their electric bills and
increasing the market value of their residence. Specific details can be found
under the Proposed Action Alternative (Section 2.2).
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Land Use

The estimated reduction of land committed or planned for the generation of
energy would be similar to that estimated for the Proposed Action.

Fish and Wildlife

The estimated impact on fish and wildlife would be similar to that estimated
for the Proposed Action.

Water Quality

The estimated impact on water quality would be similar to that estimated for
the Proposed Action.

2.20 HOUSE-DOCTORING

Although house-doctoring is not part of the proposed expanded BPA Residential
Weatherization Program, this concept is an emerging technique to further reduce
the air-infiltration rates in residences. Thus, because this additional energy
conservation technique could be included in the Proposed Action, the concept
and associated effects are described below.

House-doctoring is a technique of seeking out and sealing openings and cracks
in a residence where air may leak into and out of the residence. Once these
leaks are sealed, the heat loss by convection, or heat carried by air flow, is
reduced. By applying this technique, an estimated reduction in the air-
infiltration of 15% is possible, with a range of 6 to 25% expected (Dutt et al.
1982). The large range, however, suggests that the effects of the house-
doctoring treatment vary.

Typical house-doctoring requires the effort of two trained specialists for

one day. The air leaks are located with a blower door and infra-red (IR)
viewer. Generally these leaks occur through cracks, seams, electrical
switches, and outlets as well as through penetration in the attic floor around
furnace flues, fireplace chimneys, plumbing, or electrical conduits, and joints
of dissimiliar materials. After these cracks are fixed, the blower door and IR
viewer are used to identify the effectiveness of the actions taken. Not all
the house doctoring measures reduce the air leakage rate, even though they
lower the heat loss rate. The concept is well-suited for large-scale programs
for residential conservation such as the BPA Residential Weatherization Program
if the techniques can be generalized for various residence types, and if the
proper people can be trained to apply house-doctoring techniques.

Because this technique would reduce the air-infiltration rate beyond the levels
estimated under the Proposed Action, increased pollutant concentrations and
thus increased risk of health effects would occur. The additional health
effects of HCHO, BaP, and radon above the No-Action Alternative were estimated
by using a typical reduction in air-infiltration of 15% beyond that estimated
for storm windows and doors, weatherstripping, caulking, and outlet and switch-
plate gaskets, and wall insulation.




Health Effects

The cumulative health effects were estimated in the same fashion as for the
Proposed Action, except that the reduction in air-infiltration rate was
increased by 15%. The individual health effects of RSP, oxides of nitrogen,
CO, and CO, are not discussed below because they would be basically the same as
estimated %or the Proposed Action, although concentrations of these pollutants
would increase.

In estimating the regional impacts, it was assumed that 25% of the residences
that receive tightening measures would also receive wall insulation. The
number of eligible residences was assumed to be the same as for the Proposed
Action evaluation.

Radon (Rn) If house-doctoring were adopted along with the Proposed Action, then
an estimated 0.8 additional lung cancers per year per 100,000 exposed people
would occur above the No-Action Alternative Level. The estimated range of
impacts is less than 1 lung cancer per year (0.09 cancers) to 8.6 lung cancers
per year per 100,000 exposed people.

Formaldehyde (HCHO) With house-doctoring it is estimated that less than 1
additional cancer (0.05) above the No-Action Alternative Level would occur
every year for every 100,000 exposed people. The expected range of effects is
0.003 additional cancer per year to 0.37 additional cancer per year per 100,000
people.

Benzo-[{al-Pyrene (BaP) An estimated 0.86 additional lung cancers per year per
100,000 exposed people would develop from increased BaP concentrations. This
increase would be above those estimated for the No-Action Alternative. The
estimated range of effects is 0.12 additional lung cancers every year to 8
additional lung cancers per year per 100,000 exposed people.

Energy Saved

If house-doctoring were completed in all eligible residences that participate
in the proposed Expanded BPA Residential Weatherization Program, then an
additional 107.8 annual MW of energy would be saved. The estimated range of
energy savings is 86.2 MW to 169.9 MW.
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3.0 DESCRIPTION OF THE AFFECTED ENVIRONMENT

BPA has started a program to provide tightening measures and other measures to
certain types of residences (discussed in the Summary). Chapter 3.0 describes
the environment of the areas that could be affected by this proposed Expanded
Residential Weatherization Program, which is in response to the need for an
adequate, reliable, economical, and efficient power supply. The areas
discussed here are air quality, public health, energy, socioeconomic and
institutional effects, and other environmental effects (land use, fish and
wildlife, and water quality).

Four residence types are examined in this Environmental Impact Statement
(EIS): 1) apartments (5 or more units); 2) mobile homes; 3) single-family
attached (2 to 4 units), and 4) single-family detached.

3.1 AIR QUALITY

The alternatives, including the Proposed Action, would affect, but not cause,
indoor and outdoor air quality condition. Tightening measures reduce the
amount of outside air entering the residence through small cracks and openings
in the residence structure. Because indoor pollutants are diluted by outside
air, these tightening measures would provide a mechanism where indoor air
quality is reduced. Also, because these weatherization measures would reduce
the regional demand for space heating, emissions into the outdoor air from
powerplants would be reduced.

Indoor Air Quality

The quality of indoor air in residences mostly is determined by the occupants
activities, which include the use of appliances, chemicals, and tobacco. Other
sources affecting the indoor air quality are the construction materials of the
residence and of the household furnishings (see Appendix B). In addition, out-
door air can penetrate to the indoors, affecting indoor air quality. A1l these
sources can contribute pollutants. When the pollutants become airborne, they
are defined as the indoor air pollution of a residence.

Indoor pollutants can be divided into three groups: 1) pollutants coming from
indoor sources, 2) pollutants coming from indoor and outdoor sources, and

3) pollutants coming from outdoor sources (see Table 3.1). The pollutants from
the first group that are most important are formaldehyde (HCHO), respirable
suspended particulate matter (RSP), and benzo-[a]-pyrene (BaP). The pollutants
that are most important in the second group are nitric oxide (NO), nitrogen
dioxide (NOZ)’ carbon monoxide (CO), and carbon dioxide (CO,). The pollutant
of major concern in the third group is radon. Sources of pollutants of par-
ticular importance are described below (see Section 3.2 for Health Effects).

Formaldehyde (HCHO) Most sources of HCHO, a gaseous organic compound, are found

indoors. These sources include building materials (hard plywood) and
furnishings (carpet, furniture) that contain urea-based glues and resins; gas
appliances and wood burning stoves that emit HCHO as a combustion product;
tobacco smoke; and urea-formaldehyde foam insulation (UFFI) in the walls of
residences. Plywood and particle board that use an HCHO adhesive have little,
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TABLE 3.1. Sources of Indoor Air Pollutants (NRC, 1981a)

Pollutant Source

(Group 1) - Pollutants Mostly from Indoors

Formaldehyde Urea-bonded wood products, urea-formaldehyde foam
insulation, furnishings, fuel combustion, tobacco smoking

Ammonia Metabolic activity, cleaning products

Polycyclic hydrocarbons, arsenic,

nicotine acrolein Tobacco smoking

Organics Adhesives, cleaning solvents, cooking, cosmetics

Mercury Fungicides, paints

Aerosols Consumer products

Particulate matter, Benzo -[a]- Pyrene Tobacco smoking, wood burning
Asbestos, mineral and synthetic fibers Insulation
Organisms Infections

(Group 2) - Pollutants from Indoors and Outdoors

NO Fuel combustion

NO, Fuel combustion, tobacco smoking

Cco Fuel combustion, tobacco smoking

Cco, Fuel combustion, tobacco use, metabolic activity
Organics Fuel combustion, pesticides, paints, insecticides
Water vapor Fuel combustion, evaporation, biologic activity
Spores Fungi, molds

(Group 3) - Pollutants Mostly from Outdoors

Radon Soil, well water

Sulfur oxides Fuel combustion, smelters
Ozone Photochemical reactions
Heavy metals (lead, manganese) Automobiles

Organics Petrochemicals




if any, HCHO emissions. Mobile homes usually have higher concentrations of
HCHO than other residences (except for those residences with UFFI) becduse so
much particle board and paneling bounded by urea resins are used in mobile
homes (Jewell 1980).

Respirable Suspended Particulate (RSP) Matter Respirable Suspended Particulate
matter is defined as all particles less than 3.5 micrometers (um) in diame-
ter. The major source of RSP is tobacco smoke. Other human activities such as
cleaning and cooking, as well as using wood stoves, add indoor respirable
particles. Generally, RSP concentrations are lower outdoors than they are
indoors (NRC 1981la).

Benzo-[al-pyrene (BaP) Benzo-[a]-pyrene is a pollutant that originates from
wood combustion and from tobacco smoking. Because BaP is thought to be a
carcinogen, it is of special interest in the analysis of indoor air quality
(see Appendix E). Few measurements of the magnitude of BaP emissions from wood
stoves are available. This makes estimating concentrations in residences dif-
ficult. Because more people are exposed to tobacco smoke than to other pollu-
tants, it is considered to be an important source of BaP exposure (NRC

1981a).

Oxides of Nitrogen (NO,) Combustion appliances such as unvented portable space

heaters (kerosene) and gas stoves are the magor sources of oxides of nitrogen
[nitric oxide (NO) and nitrogen dioxide (NO, ] emissions to the indoor air (see
Appendix B).

Carbon Monoxide (CO) The presence of CO indoors is mostly a result of combus-

tion appliances such as wood stoves, gas stoves, and portable space heaters
(see Appendix B). Tobacco smoking is a lesser source of CO.

Carbon Dioxide (CO,) The presence of CO, indoors is mostly a result of people
breathing. A1l forms of indoor combustion are sources of C02 (see Appendix B).

Radon (Rn) Radon-222 is a gaseous radioactive product of the element radium-
226, which occurs naturally in all soil and rock in very small amounts (Nero
1981). Radon-222 can enter buildings through cracks and openings in the struc-
ture or the foundations, or it can enter through porous material (such as con-
crete). Radon is present in the minerals used to make concrete and brick.
Radon is dissolved in ground water and is released when the water is run.

Radon is present in natural gas. However, for an individual residence, amounts
of radon present in natural gas is insignificant. A1l of these sources contri-
bute to the indoor radon concentrations. Radon decays to various nuclides
called radon daughters, which are charged metal atoms that can attach to dust.
In this manner, radon daughters can enter the lungs. (See Glossary for a more
detailed description.)

Because knowledge of indoor radon concentrations and their ranges is limited in
the Pacific Northwest, BPA conducted a Radon Field Monitoring Study during the
1982-83 winter heating season. Approximately 290 homeowners received up to
three small, passive monitors that were used to collect data for a 2-to 3-month
period. Radon concentrations and basic house information were obtained for 270
residences located in just over 100 different locations in the region.
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Initial results of the monitoring program have been released by BPA (Thor
1984). The region's average radon concentration for the first floor 1iving
area was 1.2 pCi/2. For those residences with first floor living areas over a
crawl space or basement, the average measured concentrations in the living area
were 0.9 and 1.62 pCi/%, respectively. Data for residences with crawl spaces
were further analyzed, and the average concentration with the vents closed was
1.0 pCi/% compared to a value of 0.6 pCi/e if the vents were open.

The results presented in Thor's report (1984) also allow one to estimate the
difference in radon concentrations that might occur in residences located in
high-radon areas or nonbasaltic geology. Based on the assumption that western
Montana, northern Idaho, and parts of northeastern Washington can be considered
nonbasaltic geology, residences in these areas should have radon concentrations
about 2.5 times those expected in residences for other parts of the region.
Earlier studies indicate that much more radon appears to come from the soil in
these high-radon areas (Lloyd 1981; Bruno 1981).

Measured concentrations of these indoor pollutants in all types of residences
throughout the United States are given in Table 3.2.

Air-Exchange (Ventilation) Rate

Pollutants that are produced indoors are diluted by outside air that enters the
residence through small cracks and openings in the structure and through open
windows and doors. Indoor pollutants can be diluted through mechanical venti-
lation. Generally, the greater the air-exchange (ventilation) rate, the lower
the indoor pollutant concentration. The air-exchange rate is expressed as air
changes per hour (ACH) (see glossary).

The air-exchange rate for a residence depends on the construction materials and
methods used, surrounding terrain, climate (specifically wind and temperature),
and the occupants' lifestyles (for example, how often windows are open). For
these reasons similar residences probably would not have the same air-exchange
rate, even if located next door or in the same apartment complex. Also, air-
exchange rates can vary during the day as a result of changing weather and
occupants' lifestyles. Thus, only a typical range of air-exchange rates can be
given for various residence types.

A single-family detached residence in the United States has an air-exchange
rate of between 0.5 to 1 ACH (NRC 198la). A single-family detached residence
in the Pacific Northwest has a typical air-exchange rate of about 0.8 ACH (Grot
and Clark 1981; Veenhuizen and Lin 1979; Berk et al. 1981). Generally, resi-
dences have been constructed with better tightening techniques within the last
several years. Thus, they have air-exchange rates near the low end of the
above range.




TABLE 3.2, Measured Concentrations of Indoor Pollutants

Typical Measured
Indoor

Pollutant Concentrations(d)
HCHO <0.0001 to 0.002 ppm(P)
ReSZlE??lis<c> 100 to 500 pg/m>(d)

BaP 0.2 to 22 ng/m3(d,e)

NO 60 to 600 ug/m3(d)

NO, 200 to 1000 ug/m3(d)

Total nitrogen 300 to 2000 ug/m3(d)
oxides (as NO,)

co 0.6 to 6 mg/m3(d)

co, 0.9 to 9 g/m3(d)

Radon 0.1 to 30 pci/gldsf>9sh)

(a) Typical housing stock in the United States,
including mobile homes and apartments.

(b) Source: NRC (1981la).

(c) Total suspended particulate matter (less than

3.5 um diameter).

Source: NRC (1981a).

Source: Moschandreas and Zabransky (1981).

Source: Nero (1981).

Source: Thor (1984).

pCi/& = picocurie per liter.
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Single-family attached residences and apartments tend to have air-exchange
rates smaller than tho?e for single-family detached residences, averaging
0.55 ACH and 0.48 ACH, a) respectively. Mobile homes have aR average air-
exchange rate of 0.28 ACH with a range of 0.1 to 0.75 ACH.( As residences
are tightened, air-exchange rates decrease (see Table 4.6) and concentrations
of indoor air pollutants generally increase.

(a) Calculated values using the American Society of Heating, Refrigeration, and
Air-Conditioning Engineers (ASHRAE) guidelines (ASHRAE 1981) based on
measured values for single-family residences. These guidelines refer to
commercial buildings only.

(b) Personal communication from R. A. Jewell, Weyerhaeuser, to Rick Mendlen,
Department of Housing and Urban Development, January 13, 1982.
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Strength, Duration, and Frequency of Pollutants

The concentrations of indoor pollutants also depend on the rate at which these
pollutants are generated from sources within the residence and on the rate at
which they enter the residence from outside. Formaldehyde and radon are pollu-
tants that are emitted from building materials in the structure. Building
materials made from mineral matter have a higher radon emission rate then do
materials made from wood products. Radon is also emitted from the soil on
which a residence is constructed. Residences that have a great deal of par-
ticle board and paneling products with urea-formaldehyde risens, newer furnish-
ings and carpet, or that contain UFFI generally have greater HCHO concentra-
tions. As HCHO-containing materials age, they emit less HCHO (NRC 1981b).

The concentration of pollutants generated through combustion or tobacco smoking
(such as oxides of nitrogen and carbon, and particulate matter) depends on how
many and how often combustion appliances are used and how often tobacco is
smoked. This is known as the 'use cycle'. The more often and longer any
unvented combustion appliance is used, or the more often tobacco is smoked, the
greater the indoor concentration of combustion-generated pollutants.

Residences located in high-radon regions (for example, in western Montana, and
northern and eastern Idaho) tend to have higher indoor radon concentrations
than do residences located in an area covered by basalt--see Glossary--(Bruno
1981). Residences that use well water supplied for domestic water tend to have
higher indoor radon concentrations than residences that use water supplied by
surface-water sources (Lloyd 1981; EPA 1979a).

Because of the variability in strength, duration, and frequency of pollutant
emissions, this EIS uses three generation rates for pollutants: a reasonable
maximum, a reasonable minimum, and an average rate (see Appendix B).

Removal/Decay

Removal and decay mechanisms reduce airborne concentrations of indoor pollu-
tants. Particulate matter will deposit on surfaces (furniture, walls). A
fraction of the deposited particles can be resuspended during housecleaning or
by movement of people in the house. Generally, the smaller particles (less
than 3.5 um diameter) are the most likely to be resuspended and the least
1ikely to be deposited.

Gaseous radon-222 undergoes natural radioactive decay. As a result, the indoor
air contains both radon gas and radon daughters attached to particles. Removal
of radon and radon daughters from a room is generally due to air exchange
rather than to decay. In addition, the daughters can attach themselves to
objects in the residence (e.g., walls, fixtures, clothing).

Some pollutants such as CO and NO will naturally convert (oxidize) to other
gases, principally to CO, and N02, respectively. Nitric oxide will oxidize to
NO, much faster than CO oxidizes to CO,.
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Smoking

Using data from the 1970 National Health Interview Survey (NHIS) involving
37,000 households, a study by Bonham and Wilson (1981) analyzed the health of
children correlated with the presence of smokers in the family. The amount of
smoking in a household was considered both by number of adults smoking (none,
one, and two or more) and by number of cigarettes consumed per day. The data
on number of smokers were chosen for the present discussion. Independent data
(Repace and Lowrey 1983) indicate that the average smoker consumes 32 ciga-
rettes per day, but the average for the entire population is 10 cigarettes per
day.

Data from the NHIS study, given in Table 3.3, show the percentage of children
exposed to the three categories of smoking.

TABLE 3.3. Percentage of Children Exposed to the Three Smoking Categories

Number of Smokers Percent of
in a Household Children Exposed
None 37.8
One 37.4
Two or more 24.8

These numbers were combined with data from "Current Population Reports, House-
hold and Family Characteristics: March 1982" (Rawlings 1983) on household size
and distribution for families with children. This step corrected the 1970 data
for family size and type (i.e., one or two parent families) for 1982. To cor-
rect for the general decrease in smoking since 1970, the NHIS estimate of 36.9%
smokers in the general adult population was compared to the 1982 estimate of
33% (e.g., Surgeon General's Report 1982). Consequently, smoking in the paren-
tal population was scaled down by this ratio, maintaining the relative frequen-
cies of non-, one-, and two-smokers in a household.

The March 1982 Household and Family Characteristics report (Rawlings 1983) was
then used, along with the 33% incidence of smoking in the adult population, to
determine the percentage of non-, one-, and two-smoker households as a function
of household size. The results are listed in Table 3.4.

An effort was made to adjust for present family characteristics (including
single-parent families). The lack of consideration of households with more
than two smokers is an error likely to be quite small, because these households
appear in the two-smoker category. Additional, smaller errors are introduced
by assuming that the national data on family characteristics apply to families
in the Pacific Northwest.

Occupants

The number of people occupying a residence, as well as their lifestyles, affect
indoor air quality in many ways. Some of these ways, such as smoking, have
already been discussed. For another example, the amount of radon gas entering




TABLE 3.4. Number of Smokers per Household

Number of Persons Percent with Percent with Percent with Two

in Household No Smokers One Smoker or More Smokers

1 67.0 33.0 -

2 48.8 42.2 9.0
3 42.9 35.1 22.0
4 36.6 34.9 28.5
5 36.7 34.8 28.5
6 36.7 34.8 28.5
7 or more 36.7 34.8 28.5

a residence through well water increases in proportion to the amount of water
used, which is proportional to the number of occupants and their habits.

The use cycle of combustion appliances, such as gas stoves, may depend on the
number of occupants. For example, each person in a residence may use the stove
to cook his or her own meals. The methods of starting and maintaining a wood-
fired stove also depend on the occupants. One occupant may fuel the stove
often with frequent opening and closing of the door. This could result in more
pollutants being emitted into the indoor air.

In addition, the behavior of occupants determines air-exchange ranges. A resi-
dence with children as occupants may have greater average air-exchange rates as
a result of frequent opening and closing of doors [see the section on Air
Exchange (Ventilation) Rate above]. Some occupants may sleep with windows open
(regardless of the season). This, too, will result in greater average air-
exchange rates. On the other hand, some people in an already "tight" home may
seldom have a window or door open (especially during very cold weather). This
will result in a very low air-exchange rate. Thus, the air-exchange rates and
the pollutant concentrations can be extremely high or low, depending on use
cycles and occupants.

Indoor Air Quality Guidelines

No federal regulatory standards (see Glossary) for indoor air quality are cur-
rently in effect for residences in the United States. However, guidelines (see
Glossary) exist for indoor air quality to assist federal, state, and local
agencies. Appendix N contains specific information on both domestic and inter-
national guidelines as well as federal regulatory standards for indoor air
quality in the commercial work place.

In cases where there are no indoor air quality standards, a common approach to
controlling airborne contaminants is to regulate or select a minimum ventila-
tion rate (see Appendix N). For residences, this approach is not practicable
for two reasons. First, the source strength (emissions) and number of sources
can vary considerably in a structure (e.g., number of smokers or number of
cigarettes smoked per day). It is the source strength that is most responsible
for the observed airborne concentrations in structures (rather than the ven-
tilation rate or air exchange). Therefore, the amount of ventilation air
required to achieve a specified concentration level would need to be constantly
varied in order to respond to the changing source strength., Secondly,
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achieving a ventilation standard in a residence is difficult, if not impossi-
ble, because residences are not ventilated by a central system continually
bringing in and circulating outside (fresh) air. In any case, any ventilation
standard should be viewed only as a design goal rather than a minimum. Stan-
dards should be designed taking into consideration the source strength, build-
ing design, energy efficiency, and other factors to achieve acceptable average
indoor concentrations.

Excess Moisture

Moisture levels within wood products above 20% can lead to their decay
(Schaffer 1980). Thus, moisture condensing or accumulating within walls,
floors, and roofs must be prevented as much as possible. Moisture can be
introduced into the residential living space from bathing, washing, cooking,
humidification, respiration of occupants and, in some areas of the U.S., from
the ambient air itself. Moisture will condense on windows, walls, and roofs
whenever the surface temperature of such features is cooled below the dew point
temperature of the air in contact with their surfaces. The dew point temper-
ature is a function of the temperature and the relative humidity of the air
within a space. Humidity control is essential to prolong the life of a resi-
dence and to reduce maintenance costs resulting from excess moisture.

There is general agreement that a comfortable and healthful indoor environment
has a temperature between 70°-77°F, relative humidity of 30-60%, and a minimum
(less then .23 m/s) of air movement (drafts). To meet these requirements with-
out excessive air conditioning (heating, cooling, or humidification) and air
exchange rates, building retrofitting and new construction methods currently
tend toward tightening the structure by installing insulation in attics, walls,
and under floors, and sealing cracks around doors, windows, switch plates, and
openings for plumbing and electrical access. The primary effect of these mea-
sures is to reduce the air exchange rate within a residence. A certain amount
of air exchange must occur, however, to provide oxygen for inhabitants and fuel
combustion. In addition, the air exchange rate in a residence should be ade-
quate to carry off excess moisture generated within the living space.

The most significant adverse effects from excessive moisture in a residence are
damage to surface finishes (both inside and out), degrading of insulation
effectiveness, and deterioration of structural members. Wall paper or paint
may become stained from water marks or from growth of mildew. The finish on
windows sills may become discolored or damaged from condensation that has
formed on the window running down and pooling on the sill. Condensation may
occur on cooler sections of a wall where studs provide a thermal bridge to a
colder outside wall. Dust may collect on these damp spots to cause even fur-
ther staining. When thermal gradients are great between inside and outside
environments, even double-glazed windows may provide a thermal bridge with
resultant deposits of water or even ice, which may release substantial amounts
of water upon eventual thawing. If this type of problem occurs frequently, as
it may in regions with long, very cold winters; the structural framing below
the windows may, in time, rot. Maintaining as uniform an interior surface tem-
perature as possible will reduce the likelihood of these problems.

Attics that are not properly vented, or that have ineffective ceiling vapor
barriers, are likely to experience moisture from condensation. Such moisture
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may drip on ceilings or run down corners with eventual staining through the
plaster. There are indications that flat roofs are more susceptible to conden-
sation problems than sloped roofs. Adequate ventilation will eliminate conden-
sation in an attic. The ceiling should be constructed or retrofitted in a
manner to prevent or reduce to a minimum any transport of warmed air from the
living space below. This type of problem occurs frequently in residences.
Therefore, under the present Residential Weatherization Program (present
program), ventilation standards are clearly specified and required prior to
instailation of weatherization measures.

Exterior paint can be stained of "blistered" by moisture transport from the
interior through the walls to the outside. There have been reports of moisture
from the foaming process of UFFI migrating to the outside sheathing and sid-
ing. An effective vapor barrier on the inside walls reduces moisture transfer
to the outside wall. Using exterior paint that is permeable may aid in disper-
sion of moisture that originates in UFFI. In older homes, where installation
of a vapor barrier within the wall may be difficult, it may be possible to vent
each stud space at the top and bottom to allow moisture to escape before it
condenses. The Tsongas studies (1980, 1984), discussed later, indicate that
such extreme measures are not needed in the Pacific Northwest.

Since thermal conductivity of most materials increases with increasing temper-
ature or moisture content, necessary measures should be taken to prevent mois-
ture buildup in wall insulation. Some options include the following:

e installation of a vapor and air barrier to limit water vapor
transport into the wall cavity

e ventilating the structure to reduce interior vapor pressure
® use of dehumidifying equipment to reduce indoor moisture levels.

Condensation of water vapor on inside walls, outside walls, or within the wall
cavity is undesirable. Damage and/or staining of interior and exterior finish
may occur from condensation on and within walls of residences. The efficiency
of most insulation materials is reduced when the materials are wet. Excess
moisture on building structural members over extended periods of time may cause
swelling or eventual deterioration of the member by rot. Problems of moisture
accumulation from condensation or lack of evaporation may be accentuated if air
infiltration in a residential structure is reduced to a level where insuffi-
cient water vapor is exhausted to inhibit condensation. Even with adequate
ventilation, some sort of humidity control is essential in prolonging building
life and in reducing maintenance costs. One method of controlling the humidity
of the indoor air is through use of dehumidifying appliances that are available
under the present program. In addition, the transport of excessively moist air
may be at least partially controlled by the judicious use of vapor barriers
that are available under the present program, choice of wall insulation type,
and the type of exterior paint.

Two field studies have been conducted in the Pacific Northwest in an attempt to
resolve uncertainties about whether installation of wall insulation without a
vapor barrier increases the risk of moisture damage to the structure (Tsongas
1980, 1984). The first study (in 1979) was conducted in Portland, Oregon, a
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city with an annual total of 4792 heating degree days. To compare Portland's
study results with those from a colder climate, a second study was conducted in
Spokane, Washington (6835 heating degree-days) during the 1982-83 winter.
Results from the two studies showed that, in the northwestern part of the
United States, wooden structural wall members (studs, sole plates, sheathing,
subflooring, headers, and sill plates) had average moisture contents between
10.6 and 14.0%, regardless of the presence of a vapor barrier in the wall cav-
ity. The overall mean moisture content of 3675 readings from approximately
1800 locations in 103 test homes in Spokane was 11.3%. This is well below the
20% moisture level content at which decay in wood may begin.

Evidence from the Portland and Spokane studies suggest that within walls, mois-
ture problems predicted by diffusion and moisture migration theories rarely, if
ever, occur. Though some moisture damage was found inside and outside both
insulated and uninsulated walls, it was generally minor and seldom caused any
major physical damage. Much of the damage observed was caused by leaks and
ground splash from nongutted roofs.

The results of the Portland and Spokane studies by Tsongas (1980, 1984) should
be applicable in the states west of the Rocky Mountains. In substantially
colder climates (i.e., Montana, the Dakotas, and Minnesota), however, or in the
eastern part of the United States, where higher ambient humidity is common, the
Portland-Spokane results may not apply.

Qutdoor Air Quality

The following are assumed to be typical annual average pollutant concentrations
in the outdoor air in the Pacific Northwest:

Radon - 0.25 pCi/e
HCHO - 0.004 PPy
c0 - 3.0 mg/m 3
C0, - 0.720 g/g
NO, - 50,0 ug/m
To%a] suspended particulates 3
(TSP) - 20.0 ug/m3
BAP - 0.1 ng/m

Some areas of the region may have higher or lower concentrations. A more
complete discussion of the general climate and air quality for the region is
given in Appendix C.

3.2 PUBLIC HEALTH

Contaminants in indoor air can adversely affect public health. Of concern here
are HCHO, RSP matter, BaP, oxides of nitrogen, C 2, CO, and radon. Much infor-
mation is available on the risks of health effects associated with these pollu-
tants at high levels of exposure. These health effects range from irritation
to death. Not very much is known about the risks of health effects from these
materials at low concentrations. The information on a risk of a health effect
at high concentrations, however, can be used to estimate a risk at low concen-
trations. This can be done through a downward linear extrapolation, in which
the unknown risk (for low-level exposure) is assumed to continue to decrease at
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the same rate as it decreases for known risks (see Figure 3.1 and Appendix F).
Because a threshold concentration (that concentration below which no health
effect would occur--see Glossary) may exist, this extrapolation tends to over-
estimate the risks of health effects.

Little information is available on the combined effects of these pollutants.
Although such combinations could change the health risk, the extent of this
change is unknown. The analysis in this EIS treats each pollutant separately.

Formaldehyde (HCHO) Gammage and Gupta (1984) have recently summarized the
acute effects of HCHO exposure. They state that repeated exposure to HCHO, in
residential and occupational settings, has been reported to result in a wide
array of symptoms, including prolonged eye, nose, and throat irritation; cough-
ing; wheezing; diarrhea; nausea; vomiting; headaches; dizziness; lethargy;
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irritability; disturbed sleep; menstrual irreqularities; olfactory fatigque; and
skin irritation. Table 3.5 summarizes the reported effects of occupational and
residential HCHO exposures of varying levels (Gammage and Gupta 1984).

The odor threshold for HCHO is usually around 1 ppm, but may be as low as

0.05 ppm in particularly sensitive individuals. Variability exists between
individuals in their response to HCHO; some people develop a degree of toler-
ance to its irritating effects. Responses to HCHO are modified by a number of
intrinsic and extrinsic factors, such as smoking habits, preexisting disease,
and interactions with other pollutants. Committees from the National Academy
of Sciences have reviewed information about HCHO's irritating effects (NRC
1980, 1981b). Theg concluded that exposures to about 0.25 parts per million
(ppm), or 300 ug/m°, of HCHO would irritate somewhat less than 20% of the
healthy adults in the United States. They also concluded that about 10% of the
people in the United States may have hyperreactive (highly sensitive) respira-
tory systems, which would make them more likely to be irritated by HCHO (NRC
1981b).

The National Academy of Sciences concluded that there is "no population thresh-
old for the irritant effects [of HCHO] and that HCHO is a strong sensitizer"
(Infante et al. 1981). Short-term, low exposure (0.1 to 5.0 ppm) of the mucous
membranes of the eyes, nose, and throat may cause irritation of the upper
respiratory passages, tearing and burning of the eyes. Table 3.6 presents data
on the irritating effects of various HCHO levels on the eye. Concentrations of
1 to 2 ppm may cause coughing, constriction in the chest, a feeling of pressure
in the head, and rapid beating of the heart (NIOSH 1981).

Long-term exposure to HCHO may cause changes in the structure and performance
of the respiratory tract. Formaldehyde exposure has been shown to cause bron-
chial asthma. Most commonly, HCHO acts as a direct airway irritant in people
who have asthmatic attacks from other causes, although the mechanism relating
asthma to HCHO exposure is not known. Other potentially serious long-term
health effects are not well understood (NIOSH 1976).

Skin contact with HCHO can cause a number of problems, including irritation,
hives, and allergic contact dermatitis, fairly common in the United States.

Formaldehyde concentrations of 0.03 to 1 ppm in conventional and mobile homes
have been associated with a variety of adverse health effects. Formaldehyde
concentrations smaller than 0.5 ppm may have been the cause of eye and upper
respiratory irritations, headaches, and skin problems of people living in a
group of residences with UFFI (CPSC 198la). Studies of some homes in Colorado,
where occupants had reported symptoms associated with HCHO irritation, found
HCHO concentrations greater than those allowed for occupational exposures
(Harris, Rumack and Aldrich 1981).

A number of questions have been raised about the carcinogenic potential of
HCHO. The federal government maintains a high level of activity concerning
this issue. Regulatory decision making has involved a complex interplay of
scientific, regulatory, and political issues (Nesmith 1983). For example, a
Consensus Workshop on Formaldehyde had the aims of discussing the existing
scientific data and identifying future research needs (FDA 1983). Subse-
quently, the U.S. Environmental Protection Agency (EPA) published a notice
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low birth weight of offspring

3.14

TABLE 3.5. Adverse Human Health Effects Associated with Formaldehyde Exposures
in Residential and Occupational Studies (Gammage and Gupta 1984)
HCHO
Concentration, Exposure
ppm Health Effects Setting
0.0-10 Nausea; eye, nose, and throat irritation; Residential
headaches; vomiting; stomach cramps
0.02-4.15 Diarrhea, eye and upper respiratory tract Residential
irritation, headaches, nausea, vomiting
0.09-5.6 Burning of eyes and nose, sneezing, coughing, Occupational
and headaches; 3 of 7 suffered from asthma or
sinus problems
0.3-2.7 Annoying odor, constant pricking of mucous Occupational
Av 0.68 membranes, disturbed sleep, thirst, heavy
Median 0.4 tearing
0.13-0.45 Burning and stinging of eyes, nose, and Occupational
throat, headaches
0.2-0.45 Irritation of eyes and upper respiratory Occupational
Av 0,36 tract, drowsiness, headaches, and menstrual
irregularities
0.13, 0.57, Headaches, concentration problems, dizzi- Schools
and 0.44 ness, nausea, coughing, increases in recur-
ring infections of the upper respiratory
tract, and irritation of eyes, nose,
and throat
~0.83 Loss of olfactory sense, increased upper Occupational
respiratory disease, subatrophic and (greater than
hypertrophic alterations in nose and throat, 5 years to less
ciliostatis of nasal mucosa, increased than 10 years)
adsorptive function of nasal mucosa
0.9-1.6 Itching eyes, dry and sore throats, dis- Occupational
turbed sleep, unusual thirst upon awaken-
ing in the morning
0.9-2.7 Tearing of eyes, irritation of nose and throat Occupational
? Chronic airway obstruction, respiratory tract Occupational
and eye irritation, small decrease in pulmo-
nary function during work day and work week
1.3 - 3.8 Menstrual disorders, pregnancy complications, Occupational




TABLE 3.6.

(NRC 1981b)

HCHO
Concentration, ppm

Duration of Exposure

Irritating Effects of Formaldehyde on the Human Eye

Effects on Eyes

0003-3.2

13.8

20

0.25
0.42

0.83-1.6

4-5

009-2.7
003-2.7
009-1-6

0.13-0.45

0.067-4082
0002-4.15

0.03-2.5

Chamber--single:

20 to 35 min; gradually
increasing concentra-
tion

30 min

Less than 1 min

Chamber--repeated:

5 h/d for 4 d
5 h/d for 4 d

5 h/d for 4 d

Occupational:

Increase in blink rate;
irritation

Irritation (and nose
irritation)

Discomfort and
lacrimation

19% "slight discomfort"

31% "slight discomfort"
and conjunctival
irritation

94% "slight discomfort"

and conjunctival
irritation

Irritation, lacrimation,

and discomfort in 30 min

Tearing
Prickling and tearing

Intense irritation and
itching

Stinging and burning

Tearing
Irritation

Irritation




regarding reevaluation of whether HCHO should be given priority consideration
under Section 4(f) of the Toxic Substances Control Act (EPA 1983). Most
recently, the Consumer Product Safety Commission (CPSC) has authorized the
formation of a chronic hazard advisory panel on HCHO and initiated the selec-
tion of the members (CPSC 1984, p. 7275).

At the center of much of the concern and discussion about HCHO has been the
potential for adverse health risks associated with urea-formaldehyde foam
insulation. Because of these risks, the use of UFFI has been banned in a
number of states. A Boston superior court found the Massachusetts ban
"...arbitrary and capricious." The Boston court found no basis for calling
HCHO a hazardous material (Occupational Health Safety Letter 1982).

In Canada, the use of UFFI was banned in 1980. A recently published report
from a 1983 meeting sponsored by the Ministere des Affaires Sociales du Quebec
reviewed the health risks in homes insulated with UFFI (Hoey et al. 1984).
They concluded, "The carcinogenic risk, if any, of formaldehyde in homes with
UFFI is probably too low to be detectable" (Hoey et al. 1984),

In 1982 the CPSC promulgated a ban on UFFI (CPSC 198la; CPSC 1981b; Ban of UFFI
1982), which was subsequently set aside by the U.S. District Court of Appeals
for the Fifth Circuit. The court held that the CPSC's "finding that UFFI poses
an unreasonable risk of cancer is not supported by substantial evidence on the
record as a whole" (Gulf South Insulation v. U.S. Consumer Product Safety Com-
mission 1983, p. 1147). Although a majority of the commission disagreed with
the court's findings, the case was not appealed to the Supreme Court, and the
ban on the use of UFFI was removed by the CPSC (CPSC 1983).

In the court's hearing on the UFFI ban, risk-assessment methods developed by
the CPSC were challenged as presenting an unrealistically high estimate of risk
(Gulf South Insulation v. U.S. Consumer Product Safety Commission 1983,

p. 1146). This risk assessment was based on the results of animal studies that
showed an increase in nasal cancers (Cohn 1981). Human epidemiological studies
were not taken into account, many of which were published after the CPSC risk
assessment and Draft EIS was prepared. The lack of consideration of epidemi-
ological data was criticized by the court, as was the risk model used by the
CPSC.

The CPSC method estimates the risks of cancer for persons exposed to HCHO for
long periods of time (see Appendix D). For every 100,000 people exposed to a
HCHO concentration of 1 ppm for 9 years at 16 h/d, 109 persons (with a period
at risk of 70 years) would develop cancer.

At the time the Draft EIS was prepared, the CPSC risk-assessment methods were
the most appropriate available. The Formaldehyde Institute reviewed the Draft
EIS and submitted extensive comments, which ranged from consideration of the
general process of risk assessment to specific criticisms of the CPSC risk-
assessment methods. We acknowledge these comments and consider some of the
issues raised in this Final EIS. We have not, however, eliminated the use of




the methods developed for the CPSC by Cohn (1981). In the Draft EIS, we noted
that the use of this model was based on several assumptions that might not be
met, and that the estimates of carcinogenicity were conservative in that they
would tend to overestimate risks. Clearly, overestimations occur, but a more
satisfactory and widely accepted risk-estimation procedure is unavailable at
the time this is written, April 1984, Even at the Concensus Workshop on For-
maldehyde cited above, where much of the discussion focused on risk estimation,
preliminary reports suggest that no concensus was reached. In addition, one of
the questions to be considered by a chronic hazard advisory panel on HCHO being
established by the CPSC is as follows:

Considering the available data on the carcinogenicity, metabolism,
and mechanism of action of HCHO, is the use of the linearized multi-
stage model and the upper 95% confidence limit a useful descriptor of
the risk to humans? Are there other models that are preferable?
(CPSC 1984, p 7276).

In a letter to the Chairman of the CPSC dated February 12, 1982, John
Higginson, former director of the International Agency for Research on Cancer,
stated:

Exact estimates as to the number of cases of a cancer that might be

expected to occur in man based on a single experiment are silly and

simply ignore biological realities. The fact that no better methods
exist does not make these estimates any better or more valuable.

In conclusion, no consensus exists on the carcinogenic risks associated with
HCHO or the appropriate methods of estimating the magnitude of whatever risk
may be present. The epidemiological studies of occupationally exposed workers
(Gulf South Insulation v. U.S. Consumer Product Safety Commission 1983,

p. 1145; Acheson et al. 1984), which fail to show an increase in cancers in
these populations, suggest that the risks are not as high as projected by the
CPSC's risk estimation (Cohn 1981). We use the CPSC's method in this document
with the caveat that the risks estimated are clearly too high, and that actual
risks are at some lower level, presently undetermined.

Respirable Suspended Particulate (RSP) Matter Respirable suspended particulate
matter is defined as all particles with a diameter of 3.5 um or less. Respira-
ble particles are especially important because, when inhaled, they can lodge in
the deepest part of the lung. Larger particles are removed through the nasal
passages. The chemical makeup of each particle varies according to its source.
Because the chemical composition is not specified, attributing health effects
to concentrations of RSP is difficult. No National Ambient Air Quality Stan-
dard exists for respirable particles, although such a standard does exist for
ISP (see Glossary). The need for an RSP standard has been suggested by Ferris
1978).

When cigarette smoking occurs, almost all respirable particles indoors come
from that source. The health effects of smoking on smokers have been studied a
great deal (USHEW 1979). The health effects on nonsmokers have only recently
received attention. Repace and Lowery (1980) estimate that a nonsmoker working
in an office where smoking is allowed inhales particles at a rate three times
greater than he would without this exposure. In a study of 20 children, Binder
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et al. (1976) found that exposure to RSP matter in hoges with smokers was much
higher than in homes with nonsmokers (132 and 93 ug/m”, respectively). An
in-depth study of respirable particulate concentrations inside and outside
homes is being completed as part of a Harvard prospective epidemiologicas study
(Ferris et al. 1979). (In an epidemiological study, a large, similar popula-
tion is looked at to identify patterns of illness. This is usually done after
the illness is evident. A prospective epidemiological study looks at the popu-
lation before an illness is evident. See Glossary for a more complete defini-
tion.) Spengler et al. (1981) found indoor concentrations of particles to be
equal to or above outdoor concentrations, even in residences without smokers.
The average long-term outdoor particulate matter concentration for six cities
in the study was 21 ug/m”, The3average indoor concentrations for the same time
period were 24, 37, and 70 ug/m~ for residences with nonsmokers, one smoker,
and two or more smokers, respectively.

The effects of smoking on nonsmokers depend on the individual and the environ-
ment. Healthy persons have suffered irritation, breathing problems, and other
health problems (NRC 198la). Nonsmoking women with husbands who are heavy
smokers may have an increased chance of getting lung cancer (Hirayama 1981).
These conclusions are based on only a few studies and do not refer to RSP
matter alone. Certain people may have different reactions to tobacco smoke.
People with heart or lung disease, or people who are more sensitive to the
materials found in smoke, may be affected more than healthy people. Children
whose parents smoke may have respiratory symptoms (more breathing problems),
bronchitis, and pneumonia as infants, and may have poorer pulmonary function
(less ability of the lungs to function) as adults, than do children of non-
smoking adults. When cigarette smoking is not present, the major source of RSP
are unvented combustion appliances and wood stoves.

Any weatherization program that cuts down air-exchange rates will increase
respirable particulate concentrations indoors. The resulting health effects
cannot be accurately estimated because not enough information exists. There-
fore, to the extent that concentrations of RSP result in health effects, an
increase in concentrations will increase these health effects.

Benzo-[al-pyrene (BaP) The air inside residences can contain many different
types of organic substances. These substances and how they act as indoor air
pollutants have been reviewed recently by the National Research Council (NRC
198la). One type of organic that has been identified as an important indoor
air pollutant is the polycyclic aromatic hydrocarbons (PAHs) group. Although
this group contains many compounds, one of these, (BaP), is particularly impor-
tant because it causes cancers. Benzo-[a]-pyrene is present in varying concen-
trations in indoor air (Ulsamer, Gupta and Kang 1981). Additional information
on the risks of health effects associated with BaP are given in Appendix E.

A procedure for estimating the risk of cancer for persons exposed to BaP has
been developed (Appendix E). This procedure predicts the Sisk of lung cancer,

as the result of exposure to a BaP concentration of 1 ng/m~ for a long period
of time, to be 73 lung cancers per 100,000 people exposed.

Oxides of Nitrogen (NO,) Nitric oxide (NO) and nitrogen dioxide (NO,) are
oxides of nitrogen. Nitric oxide binds to hemoglobin (see Glossary) to produce
methemoglobin (see Appendix H). In this way, the health effects of NO are
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similar to those of CO. However,3NO at 3.5 ug/m3 binds the same quantity of
hemoglobin as CO at 10 to 15 ug/m”, Hence, many of the adverse health effects
reported in the past for CO alone may have been a result of the combined action
of hemoglobin affected by CO and methgmog]obin. Oxides of nitrogen can be
smelled at congentrations of 230 ug/m~. Concentrations in the range of 1,300
to 13,000 ug/m” can make breathing difficult. This difficulty is caused by
resistance in the airway and by a decrease in the capacity of the lungs.

Evidence is inconsistent for health effects after prolonged exposure to low
concentrations of oxides of nitrogen. This inconsistency may occur because, in
epidemiological studies, more than one pollutant is often present. The follow-
ing summary is taken from a National Research Council report on oxides of
nitrogen (NRC 1977):

Two epidemiologic studies suggest that the cogbination of nitrogen
dioxide at concentrations of 0.15 to 0.3 mg/m~ (0.08 to 0.16 ppm)
with other pollutants causes changes in ventilatory function. Two
other studies in which lower levels of nitrogen dioxide were studied
did not reveal these effects. Because of the disparity in popula-
tions and in pollutant conditions, conclusions cannot be reached
regarding the effect, if any, of chronic exposure to nitrogen dioxide
on ventilatory function.

Some epidemiologic data support the idea that excess acute respira-
tory disease may occur in healthy populations following exposure to
atmospheres containing nitrogen dioxide. Four studies have been
reviewed in the search for an association between exposure to ambient
concentrations of nitrogen dioxide from 0.10 to 0.58 mg/m~ (0.353 to
0.309 ppm) and small excesses in respiratory illnesses. However, the
variable pollutant exposures and conditions of study make it diffi-
cult to quantify the relationship of nitrogen dioxide by itself to
the reported increases in respiratory disease. In each study air
contaminants likely to enhance susceptibility to respiratory infec-
tion (sulfur dioxide, sulfuric acid, sulfates, nitrates, etc.) were
also present.

Evidence that nitrogen dioxide induces excess chronic respiratory
disease is not convincing. Reports of excess chronic respiratory
disease associaged with low concentrations of ambient nitrogen diox-
ide [<0.10 mg/m” (0.053 ppm)] do not provide convincing evidence that
other pollutants that were measured at relatively high concentrations
were not the probable cause of the excess disease. In the presence
of low concentrations of sulfur dioxide and particulates, three
investigators failed to detect excess chronic respiratgry disease in
areas where nitrogen dioxide exposures were <0.,10 mg/m>~ (0.053 ppm)
(pp. 271-272).

More recent studies have focused on oxides of nitrogen as products of combus-
tion from gas stoves. Some epidemiological data have shown increased rates of
respiratory infection in young children and adult males, and lower performance
on pulmonary function tests, in association with a history of exposure to emis-
sions from gas stoves. Other studies have failed to show significant
associations.
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Studies conducted by Melia and colleagues (Melia et al. 1979) examined associa-
tions between respiratory illness and the use of gas for cooking in the homes
of school-age children. The prevalence of one or more respiratory symptoms or
diseases was higher in those children from homes where gas was used for cooking
than in those using electricity, although this association was found only in
urban areas. In longitudinal studies that followed children age 6 to

7.5 years, evidence showed that this association disappeared as the children
grew older. This trend was not observed in children of other age groups.

In a cross-sectional study, Florey and colleagues (Florey et al. 1979) examined
respiratory function and respiratory illness in primary school children in
relation to N02 concentrations in the kitchens and bedrooms of their homes.
The prevalence of respiratory illness was slightly higher, (p = 0.1), among
children from homes where gas was used for cooking. While not related to NO,
levels in the kitchen, prevalence of respiratory illness again increased
slightly, (p = 0.1), with increasing levels of nitrogen dioxide in the chil-
dren's bedrooms in those houses that cooked with gas. Lung function did not
appear to be related to NO, levels. The authors speculated that the associa-
tions noted were most 1ike%y due to NO, levels serving as a proxy for some
other factor of more direct etiologic Tmportance.

In a cross-sectional study in Columbus, Ohio, Keller et al. (1979a) did not
find either an increase in respiratory disease or a decrease in pulmonary func-
tion associated with the use of gas for cooking. The mean NO, levels in homes
where gas was used for cooking was 0.05 ppm, compared to 0.03 ppm in those
homes where cooking was done with electricity. In a panel study of respiratory
illness and symptoms in households from the above study, Keller et al. (1979b)
found no significant differences in the incidence of acute respiratory ill-
nesses between houses with gas and electric cooking.

In a six-community study of air pollution, Speizer and colleagues (Speizer

et al. 1980) studied 8000 children, 6 to 10 years of age. Children living in
homes with gas stoves and those living in homes with electric stoves were com-
pared for a history of respiratory illness and pulmonary function. Children
from homes with gas stoves had more frequent respiratory illnesses before age
two and significantly reduced pulmonary function. These differences were not
attributable to differences in parental smoking or social class. Twenty-four-
hour NO, measurements showed concentrations four to seven times higher in the
homes with gas stoves compared to homes with electric stoves. Whgle the 24-h
measurements were below the fe@era] outdoor standards of 100 ug/m”, short-term
peak exposures above 1100 ug/m~ regularly occurred in kitchens.

Carbon Monoxide (CO) Carbon monoxide, a product of combustion, can affect lung

function and the transport of oxygen to the cells of the body. Hemoglobin is
the substance in the red blood cells that transports oxygen from the lungs to
the tissues and cells of the body. Normally, oxygen is bound to the hemoglobin
in the red blood cells at the lung and then carried to the body's cells, where
it is released. Carbon monoxide has a much greater affinity for hemoglobin
than does oxygen. Carbon monoxide accumulates in the blood stream in the form
of carboxyhemoglobin. When CO attaches to hemoglobin, it forms carboxyhemo-
globin, and normal oxygen transport is blocked.
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The higher the levels of CO, the greater the buildup of carboxyhemoglobin.
Thus, there are important associations between CO levels and the effects of
lack of normal oxygen transport. Table 3.7 summarizes the acute health effects
of various levels of atmospheric carbon monoxide and blood carboxyhemoglobin
levels. At present, it is not known if a threshold exists for adverse effects
of oxygen deprivation due to carboxyhemoglobin (Spengler and Sexton 1983).

Many individuals could suffer health effects related to CO during a normal day
(Consumer Affairs 1982). The U.S. Occupational Safety and Health Admini-
stration (OSHA) 8-h time-weighted average exposure 1imit for CO is 55 mg/m2. A
worker exposed at this level will build up carboxyhemoglobin to a point where
it is about 7.4% of total hemoglobin., At this level some individuals will
begin to develop headaches. Comparable CO levels can be present in homes in
association with gas ranges. Lege]s of CO on freeways and in parking garages
can be as high as 25 to 100 mg/m>, or more. Thus, prolonged exposure to CO is
possible at levels where health effects have been noted.

The EPA standard for CO is 10 mg/m3 (8-h maximum). This standard is lower than
the OSHA standard because the young, elderly, and some people with cardiopul-
monary problems or angina pectoris are affected at levels lower than those con-
sidered safe by OSHA (Consumer Affairs 1982). (See Appendix N for more infor-
mation about EPA and OSHA standards.) For example, recent studies suggest that
adults with angina are sensitive to carboxyhemoglobin concentrations as low as
1%, during exercise (Spengler and Sexton 1983).

TABLE 3.7. Acute Health Effects of Carbon Monoxide Exposure
(Forbes 1972)

Atmospheric Carboxyhemoglobin,
CO, ppm Concentrations, % Principal Symptoms
10-30 2.5=5 Encroachment of functional reserve
of heart and brain

50 7-8 Slight headache in some
100 12-15 Moderate headache and dizziness
250 25 Severe headache and dizziness
500 45 Nausea, headache, possible collapse

1,000 50-60 Coma

10,000 95 Death
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Except for facilities with poor ventilation or with a unique source of CO, the
difference between the CO levels in residences and in the outside air is usu-
ally small. Carbon mgnoxide concentrations in the outside air normally range
from 0.35 to 5.2 mg/m” (Sterling, Dimich and Kobayaski 1982). However, if the
local vehicular traffic is great, the range will be much larger. Carbon monox-
ide that is released from an individual cigarette contributes little to §he
overall CO level. For instance, average differences range from 0.8 mg/m

3.5 to 5.8 mg/m” between nonsmoking and smoking cafeteria rooms, respect1ve1y
(Sterling, Dimich and Kobayaski 1982). In facilities where large groups of
smokers may congregate (f0r3examp1e, taverns) the indoor/outdoor CO differences
may be as much as 10.9 mg/m” (Cuddeback, Donovan and Burg 1976).

Carbon Dioxide (C0,) Carbon dioxide is a result of the breathing process and is
a normal gart of the atmosphere. Atmospheric concentrations are about

0.720 g/m”. Because CO, also comes from the incomplete combustion of fossil
fuels, indoor concentrations may increase with the use of stoves and heaters.
Background indoor concentrations average 5.4 g/m” (NRC 198la).

At higher levels (not expected in residences), 0, dilutes thg oxygen needed
for respiration. When the concentration of CO 1s over 9 g/m>, the CO becomes
toxic (U.S.,Navy 1973). Breathing is affected when the CO concentrat1on is
over 27 g/m~. The National Aeronautics and Space Administration (NASA) recom-
mends §hat people should not be exposed to more than a six-month expgsure of

18 g/m~ (NASA 1973). Long-term exposure to concentrations of 27 g/m” has been
known to affect the performance of Navy personnel (Schaefer 1961) geadaches,
d1zz1?ess, and nausea have been observed at concentrations of 54 g/m (NRC
1981a

Radon (Rn) Radon gas and its daughters are present everywhere near the earth's
surface. The concentrations of radon daughters vary with location, time of
day, and weather conditions. This EIS deals with health effects associated
with everyday radon daughter exposures expressed as lung cancers deaths only.
When radon daughters are inhaled, some are deposited and retained in the
respiratory tract, where they irradiate tissue (see Glossary).

Studies have been conducted of underground ore miners who are exposed to high
levels of radon and its daughters (see Appendix F). These studies show that
the miners have greater lung cancer rates than are found in typical popula-
tions. This increase seems to be related to longer exposures at higher
concentrations.

Lung cancer, pulmonary insufficiency (see Glossary), and other diseases have
been associated with exposure to radon daughters. Measures that reduce the
risk of lung cancer generally lessen the risk of pulmonary insufficiency.
Whether the low levels of radon daughters that are normally found in the
environment are harmful is unknown. The effects of radon daughters when
combined with other pollutants at these levels are also unknown.

Experiments with animals generally have been conducted at high levels of
exposure (see Appendix F). When these levels are comparable to the levels
estimated for the miners discussed above, the results of the experiments
indicate that radon does pose health risks (see Appendix F). On the other
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hand, the results do not indicate that at high levels the radon daughters
combine with other pollutants to increase health risks.

The risks of health effects from normal levels of exposure to radon are esti-
mated from the known risks of higher levels of exposure. To estimate the risks
of severe effects such as lung cancer, a linear extrapolation (described at the
beginning of Section 3.2) generally is used. This extrapolation makes the
results of exposure to every-day levels of radon daughters relatively easy to
estimate. Because everyday and occupational (high-level) exposures cannot be
accurately compared, some uncertainty exists in this estimation., Estimations
based on this extrapolation do not exceed the occurrence of lung cancers Eos
nonsmokers. When the estimated lifetime risk of 0.0001 to 0.0002 per WLM\3/ is
extended to everyday exposures, much of the lung cancer found in nonsmoking
people may be from environmental exposures to radon daughters.

A method to calculate health risk of lung cancer from exposure to indoor radon
daughters is shown in Appendix F. This method uses the best estimates of
source terms (rates of release of radon to the living area), air-exchange
rates, and residence volumes. Because most normally occurring lung cancer is
attributed to cigarette smoking, the calculated increases in the occurrence of
cancers from exposure to indoor radon, which exceed everyday occurrences by
about 5 to 10%, are thought to be suspiciously high (see Appendix F). The
calculations probably reflect an overestimation of the emission rate of the
source term. (See the values given in Appendix G.) Nevertheless, these aver-
age concentrations are useful for comparing the change in risk from the No-
Action Alternative (present situation) to the Proposed Action and the Delayed
Action. The reader is cautioned, therefore, not to place excessive confidence
in the calculated values of risk; the relative values for each alternative have
greater meaning. For comparison, the present lung cancer rate is considered
the baseline and the lung cancers are mainly attributed to causes other than
exposure to environmental radon. The risk of lung cancer as a result of expo-
sure to environmental radon is then calculated and added to the present risk to
arrive at a total risk for lung cancer.

Note that estimated risks for radon concentrations in apartments and in resi-
dences with basements are given for the first floor only. Persons 1iving above
the first floor are expected to be at less risk than the values indicate in
Table 3.8. Persons 1iving at basement levels would be at greater risk than the
values indicate. The calculated radon concentrations indicate that if the
persons live in their residence for the same amount of time (75% of the time),
the lifetime risk for basement dwellers is about two times greater than for
first-floor occupants.

Lifetime risks of radon-related lung cancer for persons living in residences

undergoing no tightening measures (No-Action Alternative) were estimated using
the estimated concentrations of indoor radon. These are the baseline risks in
the absence of any action and are given in Table 3.8, Actual projected risks

(a) Working level (WL) is any combination of the short-lived radon daughters
in 1 liter of air that release 130,000 MeV (see Glossary) of potential
alpha energy. A working level month (WLM) is an exposure equal to
170 hours at a 1-WL concentration. A 0.01 working level is approximately
equivalent to 2 pCi/& at an equilibrium factor of 0.5.
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TABLE 3.8. Baseline Lifetime Risk of Lung Ca?c?r Resulting from Radon Exposure
at Seventy-five Percent Occupancy'?/ (Radon-induced Cancers per
10,000 Exposed Persons)

(b) Construction Water Apartments(c) Mobile Homes(c) Single-Family Attached(c) Single-Family Detached(c)
Region Material Source A B C D A B C D A B C D A B C D
1 Wood Non-well 5.2 24.8 21.6 9.6 6.0 43,6 37.1 - 4.4 13.2 11.2 14.8 4.4 16.0 10.4 10.4
w Well 31.6 50.4 47.2 36.4 6.4 78.8 67.1 - 20.4 28.4 28.4 31.6 11,2 23.6 17.2 17.2
ég 2 Wood Non-well 12.8 60.4 49.6 23.2 15.2 106.4 90.4 - 11.2 32.0 26.4 34.8 11.6 39.6 24,4 24.4
Well 78.8 126.0 114.8 89.6 102.4 193.6 162.7 53.6 74.0 67.6 77.2 30.0 56.8 42.4 42.4
(a) Assumes exposed person spends 18 hours per day in the residence.
(b) 1 = Most areas of the region (outdoor radon concentration = 0.25 pCi/%; well water concentration = 10,000 pCi/%).
2 = High-radon areas of the region (outdoor radon concentration = 0.65 pCi/%; well water concentration = 25,000 pCi/%).

(c) A

Ventilated crawl space; B = unventilated crawl space; C = slab-on-grade; D = basement,




of lung cancer from indoor radon exposure are calculated by multiplying the
values in Table G.1 by 0.04, the normal risk of lung cancer. For example, a
78% increase in lifetime risk (the estimated case for apartments with well
water and unventilated crawl spaces in the high-radon region) comes to a risk
from indoor radon exposure of 78% x 0.04, or 3.2%. To calculate the total
risk, this valu# is added to the normal risk of lung cancer, which is currently
at about 4% (see Appendix F). Thus, the total risk of death from lung cancer
for a person living in this type of residence equals the sum of the normal risk
(4%) and the risk attributable to exposure to indoor radon (3.2%), or 7.2%.
Baseline estimated risks from radon exposure are shown in Table 3.8.

Epidemiology and Chronic Effects

The potential health effects associated with exposure to most indoor air pollu-
tants tend to be short-term irritant effects, increased susceptibility to
respiratory illnesses, and possibly decreased pulmonary function. Most of
these effects appear reversible.

The quality of available data does not allow assessment of what the effects
might be of minimally increasing the concentrations of suspect pollutants.

Data concerning exposure and health effects are such that the exposure levels
associated with epidemiological studies have a considerable degree of variabil-
ity. Because of this variability, it is neither meaningful nor possible to
attempt to quantify what the health effects might be of a small change in the
level of a pollutant. For example, if HCHO concentrations increase from 0.2 to
0.3 ppm, it is unlikely that such an increase would have an observable, much
less quantifiable, irritating effect on the human eye.

Another consideration in evaluating health effects of an environmental agent,
such as an indoor air pollutant, is variability in response. Individuals
clearly differ in response to exposure to a pollutant. As an example, some
individuals may have no response at all, while others may exhibit an allergic
reaction. It is not known what influences such differences, but the individ-
ual's genetic makeup, exposure history, concurrent illnesses, and other
intrinsic and extrinsic factors can be important. For example, there is reason
to believe that people with different alpha-l1-antitrypsin genes may respond
differently to pollutants. Evidence from episodic instances of air pollution
suggests that individuals with preexisting chronic lung disease may be more
susceptible to air pollution incidents than people without such disease. Other
studies show that people with asthma may be more susceptible to certain sub-
stances, such as HCHO, than are others.

Much of the evidence for health effects of indoor pollutants comes from epi-
demiological studies. Some basic aspects of epidemiology should be considered
in order to better understand the limitations of the epidemiological approach.
Most epidemiological studies are observational; populations or groups of indi-
viduals are studied to determine if those who are exposed to, or possess, a
particular factor develop some outcome of interest (disease) more frequently
than those who are not exposed. There are two key concepts: determining the
health status of a population and identifying factors that influence that
status. There are three primary concerns: identifying outcomes, identifying
exposures of interest, and, finally, examining associations between these fac-
tors. Of particular importance to a consideration of health risks associated
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with indoor pollutants is the fact that both outcomes and exposures may be dif-
ficult to define and/or identify. In addition, since what is being examined
are associations between the two, the problem is further compounded by lack of
quantitative data that could be used to determine if a dose-response relation-
ship exists.

Review of the existing literature on indoor air pollution reveals that little
attention has been paid to the quantification of noncancer health effects. To
a large degree this is due to a lack of development of the appropriate methods
for such an activity. Much of risk assessment has been aimed at deriving human
risks from animal studies. For a number of reasons, which include the observa-
bility of the end-point and the perceived public health significance of cancer,
quantitative risk assessment has largely focused on carcinogenesis. Thus,
there are no readily applicable risk-assessment models for chronic effects
other than cancer.

The process of quantitative risk assessment involves determining risks of some
outcome associated with exposure to an agent of interest. It requires the
ability to evaluate the association between exposure and outcome at one level
of exposure (or levels of exposure) and estimate what the risks of exposure
would be at another level. To do this requires knowledge of the shape of the
dose-response relationship. This information can then be used to estimate what
the risks of disease are at varying levels of exposure. Risk in this way is
usually expressed as so many cancer cases, per unit of population, per unit of
exposure,

Occasionally, there is interest in translating this risk estimate into the num-
ber of cases, or deaths, expected in a particular population, with a given set
of characteristics. This requires developing a risk estimate and determining
the size of the population at risk. It is clear that the accuracy of determin-
ing the population at risk plays a key role in the estimation of the number of
cases of disease (deaths) to be expected, given a particular exposure. Any
error in estimating the risk associated with exposure will be multiplied by
errors in estimating the population at risk, leading to potentially greater
inaccuracies in the health effects anticipated from exposure to an environmen-
tal agent.

In summary, the available methods and data do not allow accurate quantitative
estimation of noncancer health risks associated with indoor air pollutants.

The most appropriate approach to health risk estimation in this case is to
attempt to determine anticipated levels of exposure and to relate these to
health effects from epidemiological studies. Even this approach has important
limitations related to the adequacy of previous epidemiological studies and the
potentially important role that individual differences in sensitivities may

play.
Mojsture

Most discussions of indoor air pollution have focused on levels of harmful
chemical substances in the indoor environment. This EIS, for example, deals
with specific substances such as radon, CO,, RSP, BaP, HCHO, and oxides of
nitrogen. Similarly, a Government Accounting Office (GAO) report on indoor air
pollution considered radon, CO, HCHO, N02, RSP, and asbestos (GAO 1980).
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An extensive "Compendium on Indoor Air Pollution," prepared by the Department
of Consumer Affairs of the State of California, does not consider moisture or
moisture-related pollutants in their review (Consumer Affairs 1982). And such
pollutants are not discussed in either the GAO report to Congress on indoor air
pollution (GAO 1980) or the report by the U.S. Department of Energy (DOE) Ad
Hoc Task Force on Indoor Air Pollution (Dudney and Walsh 1981). However,
changes in the indoor climate, with increasing moisture levels, may lead to
pollution with moisture-related organisms, such as mold and mildew. While it
is not possible to quantify such effects of changing air exchange rates, it is
worthwhile to consider briefly the general category of moisture-related
pollutants.

To date, the most wide-ranging discussion of indoor air pollution is the report
prepared by the National Research Council (NRC 198la). Much of our discussion
here is based on this report, which considered the issue of moisture-related
pollutants.

Schaffer (1980) has reviewed many of the moisture effects in buildings. He
notes that moisture generated indoors can result in high humidity in the
absence of dehumidification, when ventilation rates are low, or when a building
has tight vapor barriers. While reduction of infiltration decreases the
amounts of pollutants coming from outside, increased tightness of buildings can
result in concentration increases of those pollutants generated indoors, such
as moisture (NRC 198la). While water vapor is not ordinarily considered a
pollutant, increases in humidity can have adverse effects on the indoor envi-
ronment. As houses are tightened and pathways for the leakage of moisture
through the building's structure reduced, it may be necessary to use
dehumidifiers.

Conditions of temperature and humidity are important for the survival and
propagation of living organisms that can act as airborne allergens (Spengler
and Sexton 1983). For example, house dust mites, a significant allergen for
many individuals, flourish at temperatures around 25°C (77°F) and relative
humidities above 45%. House dust mites are found most abundantly in bedding,
mattresses, and upholstered furnitures (Solomon and Burge 1984). Mite popula-
tions vary with moisture in the atmosphere, often being highest during the late
summer. The number of mites in a residence may be reduced by decreasing humid-
ity (Solomon and Burge 1984).

Because high humidity favors the growth of mold and fungi, allergic problems
could be aggrevated in tightly sealed buildings in humid climates. Weatheriza-
tion programs, which increase the moisture levels present in a residence, could
also increase the prevalence of allergenic problems.

Molds of the genera Alternaria, Cladosporium, and Aspergillus may cause
allergic rhinitis and asthma (NRC 198la). Any organic material will support
mold growth when wet. Damp walls may harbor abundant Cladosporium, and damp
leather, cotton, and paper are often covered with spores of Aspergillus.
Usually, outdoor fungi increase indoors on specific substances when given the
proper ecological conditions, one of which is appropriate moisture levels.
Appliances, such as evaporative humidifiers and air conditioners, have been
named as potential sources of airborne fungal contamination.
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Outbreaks of interstital lung disease and febrile syndromes are among the best
documented building-related diseases (Kreiss and Hodgson 1984). Illness has
resulted from exposure to allergens from home humidifiers and air coolers.
Various symptom patterns, from pneumonia to shortness of breath and fatigue,
have been reported, and several types of bacteria and fungi have been impli-
cated in outbreaks and case reports. In many of these instances, an air con-
ditioner or humidifier acts as a reservoir for an allergen or infectious agent,
which is subsequently transmitted through the air. Perhaps the best known
example of an infectious disease transmitted in this manner is Legionnaires'
disease.

Spengler and Sexton (1983) note that reduced ventilation and increased use of
untreated recirculated air may increase microorganism concentrations. Reduced
fresh air in buildings, in combination with increased moisture levels, might
lead to increased rates of infection and allergy. Little is known, however,
about sources, concentrations, and survival rates of aeropathogens found
indoors. Therefore, while it is possible that weatherization programs that
decrease air exchange rates and increase humidity would have adverse effects on
human health, such effects can not be clearly determined or quantified at the
present time.

3.3 ENERGY

The BPA service area (region) includes Oregon, Washington, and Idaho; the
portion of Montana west of the Continental Divide; the portions of Nevada,
Utah, and Wyoming that are within the Columbia River drainage; and any rural
electric co-operative customer served by BPA on the date that the Regional Act
became effective.

To compute the energy savings of BPA's present program and of the proposed
expanded program requires that various heating and cooling (climatic) zones be
identified throughout the region. The distribution of these climatic zones for
Idaho, Oregon, Washington, and Montana is given in Chapter 4, Data on the dis-
tribution of electrically heated residences in these zones were available from
a BPA-sponsored survey. These data were used in the calculation of energy
savings.

Demand for Electricity

A forecast of the regional demand for electricity was issued by the Pacific
Northwest Utilities Conference Committee (PNUCC) (PNUCC 1981) on June 1,

1981, This forecast was done by adding together forecasts made by each of the
utilities in the region. This forecast estimates that the resources of the
systems would not be able to meet demands. The PNUCC estimates a growth rate
of approximately 3% per year. The BPA issued a draft forecast in April 1982 of
demand for energy in the region (BPA 1982a). BPA's draft forecast predicts a
lower growth rate than the PNUCC forecast. It projects an annual growth in
electrical demand of 0.8 to 2.5%. The most probable rate of growth in this
forecast was 1.7%. The Regional Council has also issued a draft forecast,
which is similar to the forecast made by BPA,

The PNUCC-estimated shortage ranges from 33 annual average MW out of 17,500 MW
in 1981-82 to 1820 MW out of 18,900 MW in 1985-86, The BPA draft forecast
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projects an electrical power surplus varying from about 750 annual average MW
in 1983 to approximately 1500 annual average MW in 1985-1987. This surplus
would end in 1990. These projections are based on an assumed delay in comple-
tion of Washington Nuclear Project (WNP) No. 1 by up to 5 years and the most
probable growth rate. If the growth rate equals or exceeds BPA's estimated
upper limit of 2.5%, the surpluses will change to deficits by 1986. Thus,
there is an uncertain energy future for the region, based on existing projec-
tions of electrical demand. Two separate studies differ in response to BPA's
forecast. In a letter to BPA Administrator Peter Johnson, dated May 5, 1982,
Energy Ventures Analysis, Inc., of Arlington, Virginia, state that the BPA
estimate is low. Economic Research Associates, Inc., in a report dated

April 10, 1982 ("Review of BPA Electrical Load Forecast"), state that the
estimate is high.

Conservation

Energy in the Pacific Northwest can be conserved by reducing air-exchange rates
in residences. A BPA survey of 5000 residences in the Pacific Northwest during
the summer of 1983 determined the following:

® 44% of the residences use electricity as the primary source for space
heating.

® 33% of the residences do not have storm windows or double glazing.

e 80% of the residences have no weatherstripping or need additional
weatherstripping.

e Over 85% of the residences have no caulking or need additional caulking
around doors and windows.

® Less than half of the outside doors of residences have storm doors.

The present program does not provide tightening measures to about 70% of all
eligible electrically heated residences (1209 thousand). About 1028 thousand,
or 85%, of these residences are projected to participate in the expanded pro-
gram. This includes eligible low-income residences.

In the region, approximately 156 MW (on an annual basis) is available to be
saved by tightening measures. About one-fifth of that amount, 31.6 MW, would
come from residences available to receive the tightening measures under the
present program. The remaining amount, 124.4 MW, would come from residences
presently unable to receive tightening measures. Both figures account for the
fact that residences may have all, some, or more of the tightening measures
(see Appendix K). However, these figures do not account for the expected rate,
nor savings obtained by installation of other measures (i.e., insulation).
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3.4 SOCIOECONOMICS

For several decades, the cost of electrical energy in the Pacific Northwest has
been among the lowest in the nation. The lTow cost reflected the steady devel-
opment of the region's hydroelectric power generation resources, principally
from the mid-1930s until the late 1960s. Encouraged by the low prices (which
were actually declining, if costs are adjusted for inflation) and plentiful
supplies of electricity, residential households frequently turned to electric-
ity for household heating. Figure 3.2 shows how electricity use in Oregon
households increased over the 25-year period (1950-75). The BPA's nominal and
real wholesale power rates are also shown on this graph.

Regional growth and recent demographic trends have also contributed substan-
tially to the residential electrical demand in the BPA region. The residential
sector currently consumes about 34% of BPA's total load, or about 5800 annual
average MW (BPA 1983). Over the past twenty years, the population has
increased at an annual average rate of 1.9%, from 5.5 million in 1960 to about
8 million in 1980. At the same time, changes in the average size of household
and the age structure of residents caused household formation to grow at rates
even faster (2.7% annual average) than that of the general population (BPA
1982b). A1l of the factors made important contributions to the growth in elec-
trical power demands by the residential sector within the BPA service area.
These factors contributed to the projections of regional power deficits made in
the 1970s. Because deficits were projected at this time, plans were developed
to supplement the region's cheap hydropower with newly constructed thermal
generation from nuclear and coal-fired powerplants.

However, by the time the present BPA program was launched in 1981, the combina-
tion of a slumping Northwest economy and consumer reactions to rapid and large
increases in the price of electricity led to downward revisions to the earlier
projections of electrical demand. Current demand forecasts indicate electrical
surpluses over the short term and possibly into the early 1990s. It takes time
to implement a regionwide program to obtain cost-effective energy through con-
servation so it is available when needed. Thus, the residential conservation
program is being implemented, even though there is currently a surplus of

supply.

While programs by utilities and the government to encourage conservation have
been somewhat effective, market forces in the form of rapidly increasing rates
have also had a considerable effect in recent years. However, various sectors
of the market may be responding in different ways. Price-induced response to
conservation has been shown by a number of studies to vary significantly among
different income groups of residential customers (BPA 1982b). For example,
comparison of the changes in annual household energy expenditures between 1973
and 1979 show that while expenditures on electricity increased by up to 22% for
households with incomes of $20,000 or less, households with annual incomes
greater than $35,000 spent over 19% less on electricity (data for western U.S.)
(DOE 1981). Presumably, this effect has occurred because higher-income resi-
dential users can afford the expenditures needed to modify their electrical use
patterns, can cut back on consumption without suffering serious discomfort or
life-style changes, or install weatherization measures on their own.
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FIGURE 3.2. Oregon Residential Use of Electricity and BPA Wholesale Rates
(Oregon DOE 1977)

Other factors also affect the response to increase electricity prices: home-
owner-rental status, structure size, age and location of the residence, and the
type and efficiency of appliances. Therefore, while conservation of electric-
ity appears to be taking place in response to BPA's recent rate increase, the
effect of BPA's rate increase can vary considerably among different residential
customers. Good estimates of how much effect it has had in this region in
recent years are not available, but studies such as the Northwest Energy Policy
Project (NEPP) (WSU 1977) indicate that a significant amount of price-induced
conservation, independent of that which is induced by measures such as BPA's
current weatherization and other programs, is possible by the year 2000.
Research by Washington State University for NEPP estimated that about 3000
average annual MW of electrical energy would be conserved in the next 20 years
as a result of increasing prices (WSU 1977). (This savings figure is for all
users; the portion attributable to residential customers was not available.)

Coverage of the Present Program

BPA has estimated that about 30% of the electrically heated residences in the
region are currently eligible for tightening measures. Of those excluded resi-
dences, a certain percentage need no further tightening measures, some need all
measures, and some need only some of the measures. Energy savings that ere
technically feasible are provided in Table K.9 in Appendix K.

Public response to BPA's present program, where it has been made available, has
been very enthusiastic, although the current restrictions on tightening mea-
sures have not always been accepted well. According to BPA figures, the costs
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of present programs show that an average of $1700(a) per residence of author-
jzed weatherization is covered by the buy-back rate of $0.292 annual kWh saved.
On the average, this figure appears to cover about 80% or more of the weatheri-
zation costs, although for a number of pfggram participants, the costs are
entirely covered by the buy-back amount.

3.5 BASELINE INSTITUTIONAL EFFECTS

Currently, utilities in the Pacific Northwest are conducting a number of resi-
dential energy conservation activities. This section briefly examines some of
the institutional effects of those activities.

Residential Conservation Activities

Because energy costs have risen, Pacific Northwest residential customers have
become increasingly interested in home energy conservation. A number of pro-
grams to encourage residential conservation have been developed (Table 3.9).
Some of these programs are in response to federal legislation, such as the
National Energy Conservation Policy Act (NECPA) and the Public Utilities Regu-
latory Policies Act (PURPA). Investor-owned utilities in the Pacific Northwest
were among the first in the country to promote residential energy conservation
through zero-interest loans. Until recently, however, only a moderate number
of customers participated in these programs. The reasons for this slow initial
response include 1) procedural delays in getting audits in obtaining financing,
and in installing conservation measures; 2) adverse public response to the
paperwork involved; and 3) a reluctance to place the property under a lien to
the utility. The latter requirement is often a feature of zero- and low-
interest loan programs (Olson 1981; Landry 1981).

Programs to encourage energy conservation in residences include state and
federal income tax credits available for home energy conservation, the low-
income Weatherization Assistance Program, and the Residential Conservation
Service Program that was instituted by NECPA (see Table 3.9). Major state
initiatives in the Pacific Northwest include state income tax credits, home
energy audit programs, and low-interest weatherization loans. Some units of
local government also have residential energy conservation programs. These
include home audits and loan programs. Although not all of these programs have
been available to all BPA residential customers, many consumers have taken
advantage of the incentives for residential energy conservation. This would
probably continue.

The Present BPA Residential Weatherization Program

The BPA Residential Weatherization Program began, on a limited scale, in
November 1981. Under this program, tightening measures that reduce air-
exchange rates are installed in residences that meet the six criteria described
in Section 2.0. BPA estimates that about 30% of the electrically heated resi-
dences in the Pacific Northwest meet these requirements, although in some util-
ity districts the percentage of eligible residences appear to be much lower (15
to 20%).

(a) Includes utility costs of $200 per residence reimbursed by BPA,
(b) BPA estimate.
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TABLE 3.9. Residential Conservation Programs--Space Heating
(Hittman Associates 1981)

FEDERAL

Conservation and Solar Tax Credits

Energy Extension Service

Low-Income Weatherization

Solar Energy and Energy Conservation
Bank

Energy Audits (NECPA)

STATE

State of Idaho
Income Tax Deduction
Building Code

Idaho Department of Energy
Low-Income Weatherization
Information
Residential Conservation Service

State of Montana
Income Tax Deduction

Montana Department of Natural
Resources and Conservation
Residential Conservation Service

State of Oregon
Building Code
Tax Credit
PUC--I0U Zero Interest Loans

Oregon Department of Energy
Residential Conservation Service
Low-Income Elderly
Weatherization Refund

Oregon Veterans Weatherization
Loan (and Standards)

Public Information

State of Washington
Cities Authorized to Finance
Conservation
Residential Conservation Service

Washington State Energy Office
New Building Standards
Home Energy Audit Workbooks
(Information)
Energy Extension Service
Tax Credit (Conservation and Solar)

UTILITY

Washington Water Power
Home Weatherization--Zero
Interest Loans
Rate Design--Eliminate Declining
Block Rates
Residential Conservation Service
Electrical Outlet Gaskets

Snohomish County PUD
Loan Program

Tacoma Public Utilities Light Division
Residential Conservation Service
Audits
Low Interest

Seattle City Light
Residential Insulation Pilot Program
Home Energy Loan
Low-Income Electric Program
Residential Service Requirements
Passive Solar Retrofit (Planned
Demonstrations of Pilot)

Portland General Electric Company
Weatherization Audit and Incentive
(Loan) Program
Planned Tariff to Rebate Weatheri-
zation Costs

Puget Power
No Interest, Deferred Payment Loans;
Infiltration Gaskets

Pacific Power and Light

Solar

Heat Pumps

Insulation--Company Weatherization
Financing Program, Home Energy
Analysis, Certify Existing Energy-
Wise Homes and New Energy Saver
Homes, Infiltration Gaskets

Eugene Water and Electrical Board
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Based on experience from the pilot program carried out in 1980, numerous
changes were made in the present program before it was offered on a regionwide
basis. The changes included adding the buy-back financing option, streamlining
forms and contracts, giving the utilities more decision-making power, and mak-
ing the cost-sharing arrangements between BPA and the utilities more flexible,
although penetration rates are therefore difficult to estimate.

In the first full year of the present program, response by the public and by
BPA area utilities appeared to be mixed. In some areas (mostly the urban areas
in the region), public response has been strong, and most utilities have a pro-
gram well under way, particularly if a previous conservation program was in
existence. Audit backlogs (i.e., audits requested but not yet carried out) are
substantial; many customers have to wait months for an audit. For one large
Seattle area utility, the backlog for audits was recently as high as

17,000 customers.

Many rural area utilities, however, have been much slower to adopt the pro-
gram, Typical reasons include the difficulty of working out the administrative
requirements, utility policy and customer relation problems resulting from the
house-tightening limitations, and problems with BPA approval of program bud-
gets. Low utility participation has been particularly prevalent in eastern
Oregon, Idaho, and parts of eastern Washington during the first year and a half
of the regionwide limited program.

Utilities that had existing programs in operation when BPA's program became
available have had to mesh the administrative and financial aspects of their
own conservation efforts with BPA's., The greatest problem has been in provid-
ing separate funding for tightening measures for residences that are not eligi-
ble for BPA's financing. The following pattern appears to be most common: the
utility continues its financial assistance program for the tightening measures,
in combination with BPA's buy-back mechanism for other measures.

Some institutional effects of the limited Residential Weatherization Program
currently in operation have become apparent. Some of the more broad-based
effects are as follows:

® The need for more staff to handle audits, inspections, bookkeeping,
and to provide technical knowledge has often slowed the implementa-
tion of the program. Where utilities already have the staff and
experience to handle extensive conservation efforts, these problems
are less likely.

® The wide range in utility size, type, customer, and load charac-
teristics has required a great deal of flexibility in how the program
is set up in a given utility service area. For example, utilities
serving rural areas have different needs and problems than those in
urban areas.

Impacts of Weatherization Housing Costs

Although some question remains as to how well the housing market capitalizes on
investments in retrofit house tightening measures, the literature does suggest




that homeowners expect that the market value of their residence will increase
as a result of making investments in energy-saving factors. Market Facts
(1979) reports that in a telephone survey of 1000 single-family homeowners
throughout the country, 83% thought that an energy-efficient home would be
worth more at resale than homes lacking such features. Surveys indicate that
prospective buyers are interested in whether a residence contains energy-saving
measures. In a sample of 79 prospective buyers, Busby and Marsden (1979)
showed that 51% of the buyers indicated that storm doors, storm windows, and
insulation are energy-saving factures they would look for in their next home.

A majority (90%) of the prospective buyers indicated a willingness to spend
$200 more on the price of the residence to save $50 per year on heating bills.
A 1978 study of the Knoxville housing market (Johnson 1981) found that the sale
value of residence did, in fact, increase as a result of a reduction in the
annual fuel bills. Though additional research is needed before the relation-
ship between expenditures for weatherization and increased market value can be
fully understood, the literature does suggest that, on average, investments in
weatherization measures will increase the sale price of residences.

The Proposed Action may affect such residence comfort factors as indoor air
quality, cold air drafts, and noise levels. Indoor air quality was discussed
in Section 3.1 and will be discussed further under each Mitigation-By-Exclusion
option. Comfort in residences may be improved as the residence is tightened
and cold air drafts are reduced. In addition, thermal drafts will be reduced
when single-pane windows are replaced by storm windows. Comfort may also be
increased where additional wall insulation reduces the level of annoying noise.

Building Codes

The design and construction of all structures are regulated by building codes
that cover aspects such as electrical services, plumbing, heating, ventilation,
and structural integrity. Local and state building and energy codes can affect
how weatherization measures are installed in residences. How important a code
is depends on its authority (e.g., local, state) and how easily it can be
enforced. Any actual effects of particular codes in the BPA region would have
to be identified on a case-by-case basis.

Effects of Utility Sponsored Programs on Lending Institutions

The results of the BPA pilot program and of other utility-sponsored programs
indicate that consumers are often reluctant to borrow funds to finance resi-
dential weatherization measures (DOE 198la,b). This tendency holds even for
utility programs, unless zero-interest financing is offered as part of their
programs. These zero-interest loan programs have been more popular. Thus,
consumer reluctance to borrow money for energy conservation measures has pre-
vented lending institutions from playing a large role in financing these
activities. In addition, the small amount of money needed for most loans for
residential energy conservation made the loans unattractive to lending institu-
tions (DOE 1978). Therefore, private lending institutions probably have not
been adversely affected one way or the other by the operation of utility-
financed conservation programs.




3.6 LAND USE

The generation of electrical energy requires land on which to place generating
plants. Potentially about 124.4 annual average MW, or 1.1 million MWh/yr, can
be saved under the Proposed Action. This amount, under nonsurplus conditions,
would have to be generated. The land required to replace 1.1 million MWh/yr
for 25 years is approximately 2970 acres for a coal-burning generating sta-
tion. About 260 acres are required for a nuclear generating station. In the
region, the total commitment to coal and nuclear generation of electricity was
approximately 86.3 thousand acres and 12.2 thousand acres, respectively (BPA
198l1a). The figures given for land committed includes land needed for
disposal. Annual power generation of 0.8 million MWh/yr for 25 years results
in about 12.4 thousand tons of solid waste from coal-fired powerplants and
essentially nothing from nuclear powerplants.

3.7 FISH AND WILDLIFE

If water is used for electric generating facilities, some aquatic species may
die from changes in the water temperature or from pollutants. Measures to pre-
vent this are required at electrical generating facilities. Water consumed to
generate electrical power cannot be used for other purposes such as farming and
human use. Such uses of water, however, are intensely requlated and neither
the Proposed Action nor any of the other alternatives are projected to affect
critical water supplies.

Coal-burning powerplants release several atmospheric pollutants, notably sulfur
dioxide, oxides of nitrogen, and respirable suspended particulate matter. Con-
trol of these releases is required by state and federal regulations. The level
of control for such pollutants is designed to protect the public health. Cer-
tain sensitive wild and economically important plants may suffer leaf damages
at sulfur dioxide concentrations smaller than those permitted by the regula-
tions. Sulfur dioxide and nitrogen oxide releases may be related to the phe-
nomenon of acid rain. Acid rain has been blamed for the extinction of aquatic
life in poorly buffered lakes.

Coal-burning powerplants may release water pollutants. All coal-pile runoff
releases are strictly reqgulated. Both coal-burning and nuclear powerplants use
chlorine compounds to prevent microorganic growth in cooling systems. This
chlorine is toxic to aquatic plants and animal species.

Steam-electric powerplants release heat into the atmosphere or into receiving
waters. The release of heat into the air can cause local changes in atmo-
spheric conditions and can cause more frequent or more severe fogging condi-
tions near the generating station. Releases of heat to receiving waters can
cause death of aquatic species either through excessively high temperatures or
by rapid reduction in temperature when the station reduces load.

Both coal-burning and nuclear generating stations produce solid waste that must
be disposed of properly. Coal waste, composed of fly ash, bottom ash, and
scrubber sludge, contains potentially toxic elements. Waste from nuclear
powerplants is radioactive. If improperly disposed of, toxic components of the
waste from such powerplants could contaminate ground water and surface water
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and ultimately could enter the human food chain. Coastlines, wetlands, or
unique farmlands or rangelands possibly cculd be selected for waste disposal.
This would, however, be contrary to public policy and to the reason for isolat-
ing the toxic-waste components.

Steam-electric power generation requires land for 1) a generating facility,

2) fuel mining and preparation, and 3) waste disposal. In the process of
building the powerplants, the habitat of plants and wildlife may be disturbed,
or farmland or rangeland may be taken. The wildlife habitat may include wet-
land or coastline. The process for getting permits to begin construction of
powerplants is designed to lessen the effect of such construction. Mining and
preparation of fuel can temporarily or permanently disturb surface habitat.
The decision process to permit mining operations contains numerous environmen-
tal safeguards.

3.8 WATER QUALITY

Indirect water quality effects can result from electrical power generation.
Water quality effects include those arising as a result of the use of water,
releases of water pollutants, and releases of heat. The consequences of power
generation of 0.8 million MWh/yr for 25 years are as follows:

Coal Nuclear
Water Use (acre-ft) 1.1 thousand 7.1 million
Effluents (tons) 2.3 thousand essentially none
Thermal Relfgses
(Btu x 10°7) 4,2 5.8

Total water use, release of effluents, and thermal releases in the region for
coal-generated and nuclear-generated electricity were approximately 469 million
acre-ft, 24.8 million tons, and 410 quadrillion Btu, respectively, (BPA 198la).
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4.0 ENVIRONMENTAL CONSEQUENCES

This section discusses the environmental effects of the Proposed Action for
expanding the present BPA Residential Weatherization Program (present
program). It also discusses the effects on the environment of the No-Action,
Delayed Action, Environmentally Preferred, and BPA Preferred Alternatives.
This section gives the scientific and analytic basis for comparing the above
five alternatives in the areas of air quality, health effects, energy saved,
socioeconomic and institutional effects, and other environmental effects (land
use, fish and wildlife, and water quality).

4.1 AIR QUALITY

This section discusses the effects of the alternatives, including the Proposed
Action, on indoor and outdoor air quality. Many pollutant sources are present
indoors, and some sources, such as wood stoves and portable space heaters
(kerosene), can emit more than one pollutant. Other pollutant sources that
affect indoor air come from the outdoors. The soil under a residence contains
radon, which enters the residence through cracks and openings in the founda-
tion. In addition, pollutants in the outside air enter a residence by the
normal indoor/outdoor exchange cycle that takes place continuously, mainly
through windows and doors.

Table 4.1 lists the sources of pollutants considered in this Environmental
Impact Statement (EIS) to be present in a residence, along with the major
pollutants that are emitted by those sources. The pollutants of concern are
formaldehyde (HCHO), respirable suspended particulate (RSP) matter, Benzo-
[a]-Pyrene (BaP), nitrogen dioxide (N0,), carbon monoxide (CO), carbon dioxide
(CO0,), and radon (Rn). Obviously, not all residences will have all of the
po]%utant sources listed in Table 4.1. The air quality analysis in this EIS,
however, assumes that all sources occur in a residence because more specific
data were not available. To estimate the risks of health effects on a regional

basis, the probability of all sources occurring in the residence was taken into
account.

If the specific pollutant sources and their emission rates are known, that
information can be used with information on residence volume and air exchange
rate to estimate pollutant concentration levels. However, each of these vari-
ables (pollutant emission rate, residence volume, air exchange rate) would
change from day to day and from residence to residence. Therefore, this EIS
has used a worst-case analysis of individual health effects. In this analysis,
all residences are assumed to have all sources of pollutants. Values used for
the worst-case pollutant concentration levels are lowest, reasonable, and
highest. These values were derived from summing the lowest, average, and
highest estimated concentration levels for each source for each pollutant.

Figure 4.1 illustrates the combinations possible for one source, one pollutant,

and one residence type, Similar combinations exist for each residence type--
mobile homes, single-family detached residences, single-family attached resi-
dences, and apartments--in which the values for residence volumes and air

exchange rates are different. For example, the lowest estimated value may be
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TABLE 4.1, Sources of Pollutants in the Indoor Air

Pollutants Emitted

Respirable
Suspended Benzo

Formal- Particulate [a]- Nitrogen Carbon Carbon

Sources dehyde Matter Pyrene Dioxide Monoxide Dioxide Radon
Wood stove X X X X X
Gas stove X X X X X X
Space heater X X X X
Urea-formal-
dehyde foam
insulation X
Soil X
Concrete X
Brick or stone X
Well water X
Humans X
Laminated
building
materials/
Furnishings X
Cigarette smoke X X X X X X
Outside air X X X X X X

one-tenth of the average value, and the highest estimated value may be a factor
of 10 times the average value. That is, if the average value is 1, the lowest
value would generally be about 0.1, and the highest value generally would be
about 10,

Assumptions

The following structural characteristics were used to calculate indoor air
concentrations in each residence type. For a more detailed explanation of the
calculations, see Appendix A.

e Based on data collected from the second Pacific Northwest Residential
Energy Survey, volume ranges for residences are as follows:
- apartments--142 to 360 m° (5014 to 13,000 ft3), average is

170 m3 (6003 ft3)
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- mobilg homes--180 to 360 m> (6400 to 13,000 ft3), average is
225 m° (7945 ft2)

- single-family attached--18Q to 540 m3 (6400 to 19,000 ft3),
average is 240 m”° (8474 ft~) 3

- single-family detached--180 to 540 m° (6400 to 19,000 ft3),
average is 383 m” (13,524 ft”),

Ranges of air-exchange rates--expressed as air changes per hour
(ACH)--for residences without tightening measures for first-floor
rooms are as follows:

- apartments--0.3 to 0.9 ACH

- mobile homes--0.1 to 0.75 ACH

- single-family attached--0.35 to 1.0 ACH

- single-family detached--0.5 to 1.5 ACH.

Concentrations are for the living room; pollutants are evenly
distributed throughout the residence.

The source terms and use rates are for the heating season (October
through March), but are considered to occur throughout the year.

Pollutant concentrations in apartments are for the first-story (main
floor).

Radon concentrations are calculated for radon-222 gas and are given
for two regions of the Pacific Northwest. One region has high radon
concentrations in the soil and well water, and generally includes
western Montana and northern and central Idaho (regions in the Rocky
Mountains). This area is not covered by basalt (see Glossary). The
remaining region includes the rest of the Pacific Northwest.

No urea-formaldehyde foam insulation (UFFI) is used in mobile homes.

Basements in residences are concrete and contain drains, penetra-
tions, and cracks in the walls and in the floor. The basements are
therefore not well sealed.

Cigarette smoking is not considered to be a combustion source, but
does occur in various number of residences. The probability of
having no, one, or two smokers within a residence is taken into
account,

The percentages of the estimated minimum and maximum concentrations
contributed by each major source are given in Appendix B for the
Proposed Action and the mitigations. These percentages are the same
for each tightening measure considered.

Hardwood paneling and particle board comprise furnishings within each
residence. These items contain urea-formaldehyde resins.




e Pollutants in the outdoor air contribute to indoor pollution, enter-
ing by the exchange of air. The indoor concentrations are taken to
be the same as outdoor concentrations if there are no indoor sources
of the pollutant. Outdoor concentrations are considered to be back-
ground whenever indoor concentrations are higher.

e Tightening measures are effective for a finite length of time. After
the measures are installed, the air-exchange rate with weatherization
measures installed will increase. However, it is assumed that the
rate of increase will be at the same rate that would occur without
installation of the measures. Therefore, the relative energy savings
will remain constant compared to the No-Action Alternative Level and
will not change with time. Figure 4.2 illustrates this effect.

In the following sections, ranges of concentrations are given for each pollut-
ant of concern. Various concentration values, depending on the probability of
pollutant sources in the residences, for HCHO, BaP, and radon are used to
estimate on a regional basis the risk of health effects. They are discussed in
Section 4.2. For other pollutants, insufficient information exists to estimate

risk of health effects on a regional basis.

OQutdoor air quality can be affected by the alternatives. Under the Proposed
Action, residences would receive tightening measures. The manufacture of
materials for these tightening measures (for example, for storm doors and
windows) would emit pollutants to the atmosphere. On the other hand, the Pro-
posed Action would conserve energy, so possibly less energy would have to be
generated. Therefore, less pollution would be emitted from generating

WITHOUT
AIR-INFILTRATION
REDUCTION MEASURES

— —— c—
—

—
—_
/ ’K WITH AIR-INFILTRATION

REDUCTION MEASURES

AIR EXCHANGE RATE ———»

INSTALLATION OF MEASURES

TIME —»

FIGURE 4.2. Comparison of Air-Exchange Rates, With and Without
Tightening Measures
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facilities. These two effects are analyzed for the alternatives. The
following assumptions were used to calculate concentrations of pollutants
outdoors:

® All electric power generation is from either coal-fired or nuclear
powerplants,

e The coal-fired powerplants comply with the New Source Performance
Standards of 1979, which 1imit particulate, sulfur dioxide (SO,) and
oxides of nitrogen emissions. These 1imits are as follows (New
Source Performance Standards 1979):

- total suspended particulates (TSP): 0.03 1b/10° Btu
- S0p: 0.6 1b/10" Btu
- oxides of nitrogen: 0.6 1b/106 Btu.

® (oal-fired powerplants will be new and will be located in an
attainment area (see Glossary) of the Pacific Northwest region.

® Nuclear powerplants will be located in the Pacific Northwest region.

e Pollution from residential wood burning will not appreciably increase
or decrease because of installation of tightening measures. The same
amount of wood should be burned, but over a longer time period; thus,
outdoor particulate levels will not change dramatically (see
Appendix 0).

® The glass for storm windows is manufactured outside of the Pacific
Northwest region. The major pollutants emitted from this manufactur-
ing are particles, at 2 1b/ton of glass (EPA 1973). These particles
are collected through systems that are 99.7% efficient, so the par-
ticles released amount to 0.006 1b/ton of glass. The increase in
pollutants from powerplants supplying energy to the glass manufacturing
plants that are producing more glass is too small to be considered.

e The major pollutants emitted from aluminum manufacturing for storm
windows are particles at a rate of 0.2 1b/ton of aluminum, if an
electrostatic precipitation collection process is used (EPA 1973).

4,1,1 No-Action Alternative

Under the No-Action Alternative, the BPA's present program would not be
expanded. The No-Action Alternative serves as a baseline to which the other
alternatives are compared.

Indoor Air Quality

The concentrations of the pollutants of concern are estimated for residences
that do not receive tightening measures. Air-exchange rates for residences,
used for calculating indoor concentrations for the No-Action Alternative, are
given in Appendix A. A range of indoor concentrations is calculated for each
pollutant. More information is given in Appendix A concerning residence
volume, use cycles (see Glossary), and other variables that were used to
calculate the minimum and maximum indoor air concentrations. Appendix B
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provides the relative contribution that each pollutant source contributes to
the overall concentrate level. Pollutant concentrations for a specific
residence can be estimated using Appendix B and by knowing the pollutant
sources in the residence.

Formaldehyde (HCHO) The contributors of HCHO in apartments, single-family
attached, and single-family detached residences are as follows: UFFI, building
materials and furnishings, cigarette smoking, gas stove, wood stove, and out-
side air. The contributors in mobile homes are the same as above, excluding

UFFI. Table 4.2 is a summary of the estimated reasonable worst-case HCHO
concentrations for the No-Action Alternative.

TABLE 4.2. No-Action Alternative--Summary of Estimated
Formaldehyde Concentrations

Worst-Case Reasonable

Concentration Worst-Case

Residence Type Range, ppm Value, ppm
Apartment 0.08 to 2.1 0.7
Mobile home 0.01 to 5.1 0.8
Single-family attached 0.05 to 1.4 0.5
Single-family detached 0.03 to 0.8 0.2

The percentage of the total minimum and maximum HCHO concentrations contributed
by each of the major sources is given in Appendix B.

Urea-formaldehyde foam insulation is the greatest contributor to the estimated
levels in apartments, single-family attached, and single-family detached resi-
dences (83 to 94%), followed by building materials and furnishings (5 to 12%).
The greatest contributors in mobile homes are the building materials and fur-

nishings (97%). Al1 other contributions to the estimated concentration levels
in all residences are small,

A1l reasonable worst-case values of HCHO exceed the American Society of
Heating, Refrigeration, and Air Conditioning Engineers (ASHRAE) guidelines
(0.1 ppm--see Appendix N). The value for single-family detached residences is
below standards for Minnesota and Wisconsin (Appendix N). These estimated
values reflect the assumption that all residence types (except mobile homes)
have UFFI, which has a high HCHO emission rate. Residences without UFFI would
have levels 12 to 25% of those given above. :

Respirable Suspended Particulate (RSP) Matter, Benzo-[a]-Pyrene (BaP), Oxides
of Nitrogen [NO ), Carbon Monoxide {COU), Tarbon Dioxide {CO,) Four sources emit
RSP: cigarette smoking, wood stoves, gas stoves, and outside air. Benzo-
[a]-Pyrene results from incomplete combustion and exists as particles at room
temperature. The contributors to BaP concentrations indoors are cigarette
smoking and wood stoves. Wood stoves contribute about 70% to the total emis-
sion. Three major sources produce NO,: cigarette smoking, gas stoves, and




portable space heaters. Table 4.3 is a summary of the estimated concentrations
of these pollutants for the No-Action Alternative.

The major contributors to CO concentrations indoors are from unvented sources:
wood stoves, portable space heaters, gas stoves, and cigarette smoking. Carbon
dioxide is emitted from all the unvented sources (wood stoves, portable space

TABLE 4.3. No-Action Alternative--Summary of Estimated Respirable Suspended
Suspended Particulate Matter, Benzo-[a]-Pyrene, Nitrogen
Dioxide, Carbon Monoxide, and Carbon Dioxide Concentrations

Worst-Case Reasonable
Concentration Worst-Case
Residence Type Range Value
Apartments 3 3
RSP 56 to 4234 ug/m 3 689 ug/m3
BaP 0.9 to 48.5 n7/§ 8.2 ng/m3
NO, 36 to 1947 ug/m 3 548 ug/m3
co 0.5 to 85.2 mgém 6.2 mg/@
€0, 0.28 to 26 g/m 4.2 g/m
Mobile homes 3 3
RSP 67 to 9868 ug/m3 883 ug/m 3
BaP 1.1 to 113 ng/m3 10.6 ng/g
NO, 43 to 4537 ug/m 701 ug/m
co 0.6 to 198.6 mg/y 7.9 mg/§3
Co, 0.33 to 59.8 g/m 5.4 g/m
Single-family attached 3 3
RSP 32 to 2836 ug/m 3 417 ug/m3
BaP 0.5 to 32.5 ng/@ 5.0 ng/m3
NO, 21 to 1304 ug/@ 331 ug/m3
co 0.3 to 57 mg/m 3 3.7 mg/g
€0, 0.16 to 17.2 g/m 2.5 g/m
Single-family detached 3 3
RSP 22 to 1974 ug/m 3 182 ug/m3
BaP 0.4 to 22.6 ngém 2.2 ng/m3
NO, 14 to 907 ug/m 3 144 ug/m3
co 0.2 to 39.7 mgém 1.6 mg/g
€O, 0.11 to 12 g/m 1.1 g/m

heaters, gas stoves, and cigarette smoking) and from the respiration of the
occupants. The portable space heater contributes the largest concentrations
(62%), followed by people (26%), and gas stoves (11%). Other source
contributions are minimal.

Radon (Rn) Estimated indoor concentrations of radon for the No-Action Alter-
native are presented by construction type. Three types are considered:
residences with basements, residences built slab-on-grade, and residences with
unventilated crawl spaces. The reasonable worst-case indoor concentration

4.8




levels of radon are estimated for all three construction types and for apart-
ments, mobile homes, single-family attached, and single-family detached
residences.

Radon Concentrations in Most Areas of the Region Estimated concentration ranges
of radon for each type of construction in a most areas of the region are given
in Table 4.4. The major contributors for residences with basement and slab-
on-grade construction are concrete (plus soil under concrete) and well water.
Brick and the outside air contribute little to the total concerntration level.
For unventilated crawl space construction the major contributors are soil under

TABLE 4.4, No-Action Alternative--Estimated Worst-Case Radon Concentrations
in Most Areas of the Region

Worst-Case Reasonable
Concentration Worst-Case
Residence Type Construction Range, pCi/% Values, pCi/2

Apartment Basement 0.7 to 6.2 2.3
Slab-on-grade 0.7 to 10.3 3.0
Unventilated crawl space 1.2 to 5.1 3.2
Ventilated crawl space 0.7 to 3.5 2.0
Mobile home Unventilated crawl space 2.4 to 10.5 5.0
Ventilated crawl space 0.3 to 0.5 0.4
Single-family Basement 0.5 to 8.4 2.0
attached Slab-on-grade 0.5 to 4.7 1.8
Unventilated crawl space 0.7 to 3.2 1.8
Ventilated crawl space 0.5 to 2.5 1.3
Single-family Basement 0.5 to 5.2 1.1
detached Slab-on-grade 0.5 to 4.8 1.1
Unventilated crawl space 0.7 to 2.8 1.5
Ventilated crawl space 0.4 to 1.9 0.7

the residence, concrete for mobile soil under the residence, concrete (plus
soil under concrete) for mobile homes on pads, and well water. Brick and
outside air contribute little to the total concentration. For residences with
ventilated crawl spaces, well water is the greatest contributor to the
concentration levels. Contributions from the outside air, from the soil, and
from brick are small.

Radon Concentrations in High-Radon Areas of the Region The estimated range of
concentrations for each type of construction for residences in high-radon areas
of the region are given in Table 4.5. This information was based on a limited
measurement program conducted by BPA (see Appendix A).

Qutdoor Air Quality

I[f the Expanded BPA Residential Weatherization Program is not implemented,
an average of 156.4 MW of energy potentially would need to be produced each
year. (This amount refers to the average reduction of electricity generated
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that would be possible under the Proposed Action; see Appendix K. This assumes
100% participation in the program.) Generation of this electricity by coal-
fired or nuclear powerplants produces pollutants that are released to the out-
side air. If the energy is produced by a coal-fired powerplant using western
coal, the following approximate amounts of pollutants would be released:

Annual
Pollutants Emissions
Particulates 71.7 tons
Sulfure dioxide (S0,) 1,455 tons
Oxides of nitrogen 1,455 tons
Radium 3.9 mCi

TABLE 4.5. No-Action Alternative--Estimated Worst-Case Radon Concentrations
in the High-Radon Areas of the Region

Worst-Case Reasonable
Concentration Worst-Case
Residence Type Construction Range, pCi/% Values, pCi/&

Apartment Basement 1.7 to 15.1 5.7
Slab-on-grade 1.8 to 24.7 7.3
Unventilated crawl space 2.9 to 12.5 8.0
Ventilated crawl space 1.7 to 8.6 5.0
Mobile home Unventilated crawl space 6.1 to 25.5 12.3
Ventilated crawl space 1.9 to 20,1 6.5
Single-family Basement 1.3 to 20.3 4.9
attached Slab-on-grade 1.3 to 11.5 4.3
Unventilated crawl space 1.8 to 7.9 4.7
Ventilated crawl space 1.3 to 6.2 3.4
Single-family Basement 1.1 to 12.5 2.7
detached Slab-on-grade 1.1 to 11.9 2.7
‘ Unventilated crawl space 1.8 to 7.0 3.6
Ventilated crawl space 1.1 to 4.7 1.9

If an 0il- or gas-fired powerplant were used, the amounts of emission would be
smaller. If the energy deficit is made up by electricity produced in a nuclear
plant, both radioactive and nonradioactive emissions will be released. These
pollutants are listed below:

Annual
Pollutants Emissions, Ci
Krypton-85 284.8
lodine-131 1.4 x 10-3
Todine-133 1.1 x 1073
Xenon-133 313.8
Other fission products 6.8
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4,1.2 Proposed Action

The Proposed Action would expand the present BPA program to include residences
that fail to meet the inclusion criteria (see Section 2.0). Table 4.6 gives
the estimated percentage of reduction in the air-exchange rates for the nine
combinations of tightening measures that are part of the Proposed Action.
These figures were used to calculate the concentration of the pollutants for
the Proposed Action alone and as modified with mitigations.

TABLE 4.6. Estimated Reduction in Air-Exchange Rates as a Result
of Tightening Measures (BPA 1983).

Percentage
Reduction in
Measures Air-Exchange Rates
1. Storm doors and storm windows only 10.7
2. Weatherstripping 6.6
3. Caulking and gaskets 5
4, Wall insulation 15
5. Combination of 1 and 2 10.7
6. Combination of 1 and 3 15.7
7. Combination of 2 and 3 11.6
8. Combination of 1, 2, and 3 15,7(2)
9, Combination of 1, 2, 3, and 4 30.7(a)

—
oY)
~

The effectiveness of storm doors, storm windows, and
caulking and gaskets only, applies.

Indoor Air Quality

If any of the measures in Table 4.6 are used, the indoor concentration levels
of pollutants would increase because of reduced air exchange. This section
provides reasonable worst-case concentrations of the pollutants of concern
resulting from the tightening measures, using the reduction in air exchange
rate of 30.7% for the Proposed Action (see Table 4.6). Note that in newly
constructed residences with air exchange rates that are lower than those used
for these estimates, installing additional tightening measures probably would
reduce the air exchange rate by less than 30.7%. However, in these residences,
tightening measures are assumed to reduce the air exchange rate by the same
percentage.

Using the information in Appendix A and specific information on pollutant
sources and residence characteristics, an estimate of concentration levels for
a specific residence can be made.




Formaldehyde (HCHO) Estimated ranges of HCHO concentrations under the Proposed
Action are summarized in Table 4.7.

Reasonable worst-case concentration levels of HCHO in mobile homes, apartments,
single-family attached, and single-family detached residences are 1.1, 1.1,
0.8, and 0.3 ppm, respectively. All values are above recommended ASHRAE
guidelines. However, the value for single-family detached residences is below
standards required in Minnesota or Wisconsin. Estimated minimum reasonable
worst-case values (see Appendix B), which are based on residences with large
volumes, high air exchange rates, and lTow emission rates are at or below ASHRAE

TABLE 4.7. Proposed Action--Estimated Worst-Case Formaldehyde
Concentrations in Residences

Worst-Case Reasonable

Concentration Worst-Case

Residence Type Range, ppm Value, ppm
Apartments 0.09 to 2.5 1.1
Mobile homes 0.01 to 6.1 1.1
Single-family attached 0.06 to 1.65 0.8
Single-family detached 0.03 to 0.9 0.3

guidelines. The estimated levels reflect the assumption that all residences
(except mobile homes) have UFFI, which releases large amounts of HCHO.
Residences without UFFI would expect levels 15 to 25% of those given above.

RSP, BaP, NO,, CO, CO, A rgasonab]e worst-case concentration of RSP

for apartments is 994 ug/m”; gor mobile homes, 1275 ug/m”; for single-family
attached3residences, 602 ug/m~; and for single-family detached residences,

264 ug/m”. Cigarette smoking contributes the largest amounts (90%) to these
estimated Tevels. All the levels are above current U.S. Environmental Protec-
tion Agency (EPA) standards for ambient (outdoor) air for TSP (see Glossary).

Reasonable worst-case BaP concentration levels were estimated from one
published value of emission from wood stoves (seg Appendix A). The estimated
concentragion of BaP for apartments is 11.9 ng/m~; for mobi%e homes ,

15.2 ng/m™; for single-family attachgd residences, 7.2 ng/m”; and for single-
family detached residences, 3.2 ng/m~. The wood stove contribution to these
levels is 64%. Cigarette smoking contributes 36% to the total. No guidelines
for indoor BaP levels exist. The estimated concentrations, however, are higher
than a value measured inside an arena with a large number of people present
(Sterling, Dimich and Kobayaski 1982).

The reasgnab]e worst-case concentration3estimated for NO, for apartments is
790 ug/m~; for mgbile homes, 1,013 ug/m~; for single-family attached rgsi-
dences, 478 ug/m~; and for single-family detached residences, 210 ug/m~. A1l
levels are below the U.S. Occupational Safety and Health Administration (OSHA)
standards for the workroom environment. All values, however, exceed the
current EPA standards for ambient air. The contribution from the portable
space heater is the largest (96%), followed by gas stoves (4%).
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Space heaters are the major contributors to CO concentrations (39%), followed
by wood stoves (33%), cigarette smoking (27%), and gas stoves (<1%). A
reasonable worst-case goncentration of CO with all cgmbustion sources for
apartments is 8.9 mg/m”; for mobile homes, 11.4 mg/m~; for single-family
attached residences, 5.4 mg/m”; and for single-family detached residences,
2.4 mg/m3. A1l of these values, except the value for mobile homes, are below

the OSHA workroom standards.

The portable space heater contributes the largest concentrations of C0p (62%),
followed by people (26%), and gas stoves (11%?. he reasonable worst-case
estimated concentration for apartments is 6.1 g/m°; for mobile homes, 7.8 g/m3;
for single-family agtached residences, 3.7 g/m”; and for single-family detached
residences, 1.6 g/m~. The values for apartments and mobile homes are above the
current recommended ASHRAE gquidelines for indoor concentrations. Al1 values
are below OSHA standards for workroom concentration levels. The estimated
concentrations for these pollutants for the Proposed Action are given in

Table 4.8.

Radon (Rn) The estimated range of radon concentrations for the Proposed Action
are determined by the construction of the residences: 1) residences with full
basements, 2) residences built slab-on-grade, and 3) residences with unventi-
lated crawl spaces.

Indoor Radon Concentrations in Most Areas of the Region The sources of radon to

the indoors for basement and slab-on-grade construction are concrete (plus soil
under concrete), well water, brick, and outside air. Contributors for
unventilated-crawl-space construction are the soil under the residence, well
water, brick, and outside air. Reasonable worst-case values and ranges are
given in Table 4.9.

The greatest contributors to the concentration levels are the concrete (plus
soil under concrete) for basement and for slab-on-grade construction (48 to
71%), and the well water for unventilated crawl space construction (50 to 67%).
The outside air and brick contributions to all estimated concentrations are
small (2 to 8%).

Indoor Radon Concentrations in the High-Radon Areas of the Region The major
sources of radon to the indoors are the same as in most areas of the region.
Reasonable worst-case values and ranges are given in Table 4.10. These values
are approximately two to three times those values normally found in most areas
of the region.

Qutdoor Air Quality

Under the Proposed Action, about 105.7 annual average MW of energy would be
conserved annually. Because no additional energy would have to be generated,
no additional pollutants would be released to the outside air from electrical
generation plants. On the other hand, more glass would have to be manufactured
for tightening devices for the Proposed Action, so more pollutants would be
emitted to the atmosphere. The major pollutant emitted during glass manu-
facturing is TSP matter at the rate of 2 1b/ton of glass. These particles are
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TABLE 4.8. Proposed Action--Summary of Worst-Case Concentrations for
Respirable Suspended Particulate Matter, Benzo-[a]-Pyrene,
Nitrogen Dioxide, Carbon Monoxide, and Carbon Dioxide

Worst-Case Reasonable
Concentration Worst-Case
Residence Type Range Value
Apartments
RSP 82 to 6,106 ug/m 994 ng/m
BaP 1.3 to 70 ng/m3 11.9 ng/m3
NO, 52 to 2,807 ug/m3 790 ug/m’
co 0.8 to 123 mg/m° 8.9 mg/m3
co, 0.4 to 37 g/m3 6.1 g/m
Mobile home
RSP 97 to 14,301 ug/m> 1,275 pg/m>
BaP 1.6 to 164 ng/m’ 15.2 ng/m3
NO, 62 to 6,575 ug/m’ 1,013 ug/m°
co 0.9 to 288 mg/m> 11.4 mg/m’
co, 0.5 to 87 g/m3 7.8 g/m’
Single-family attached
RSP 47 to 4,095 ug/m> 602 ug/m°
BaP 0.8 to 47 ng/m3 7.2 ng/m3
NO, 30 to 1,883 ug/m3 478 ug/m>
co 0.5 to 82 mg/m> 5.4 mg/m°
co, 0.2 to 25 g/m3 3.7 g/m3
Single-family detached
RSP 32 to 2,819 ug/m 264 ug/m>
BaP 0.5 to 32 ng/m3 3.2 ng/m3
NO, 21 to 1,296 ug/m3 210 ug/m3
co 0.3 to 57 mg/m> 2.4 mg/m3

co, 0.2 to 17.0 g/m3 1.6 g/m’




TABLE 4.9. Proposed Action--Estimated Worst-Case Radon Concentrations
in Most Areas of the Region

Worst-Case Reasonable
Concentration Worst-Case
Residence Type Construction Range, pCi/&  Values, pCi/4

Apartment Basement 0.9 to 8.8 3.2
Slab-on-grade 0.9 to 14.7 4.3
Unventilated crawl space 1.6 to 7.3 4.6
Ventilated crawl space 0.9 to 4.9 2.8
Mobile home Unventilated crawl space 3.4 to 15.1 7.0
Ventilated crawl space 1.0 to 11.5 3.6
Single-family  Basement 0.7 to 12.0 2.8
attached Slab-on-grade 0.7 to 6.6 2.4
Unventilated crawl space 0.9 to 4.5 2.6
Ventilated crawl space 0.6 to 3.5 1.8
Single-family Basement 0.5 to 7.3 1.5
detached Slab-on-grade 0.5 to 6.8 1.5
Unventilated crawl space 0.9 to 4.0 2.0
Ventilated crawl space 0.5 to 2.6 1.0

TABLE 4.10. Proposed Action--Estimated Worst-Case Radon Concentrations
in the High-Radon Areas of the Region

Worst-Case Reasonable
Concentration Worst-Case
Residence Type Construction Range, pCi/% Values, pCi/%

Apartment Basement 2.2 to 21.5 7.9
Slab-on-grade 2.3 to 35.3 10.3
Unventilated crawl space 4,0 to 17.8 11.3
Ventilated crawl space 2.2 to 12.1 6.9
Mobile home Unventilated crawl space 8.5 to 36.7 17.4
Ventilated crawl space 2.5 to 28.8 9.0
Single-family Basement 1.6 to 28.9 6.8
attached Slab-on-grade 1.6 to 16.3 5.9
Unventilated crawl space 2.3 to 11.2 6.4
Ventilated crawl space 1.5 to 8.7 4.6
Single-family Basement 1.3 to 17.6 3.6
detached Slab-on-grade 1.3 to 16.8 3.6
Unventilated crawl space 2.3 to 9.7 5.0
Ventilated crawl space 1.3 to 6.4 2.4
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collected through systems that are 99.7% efficient, so only about 0.006 1b of
particles is released to the atmosphere for each ton of glass produced.

The amount of glass estimated to be produced for storm windows and doors is
120 thousand tons. Manufacture of this amount of glass will, therefore,
generate 720 pounds of particles that will be released to the atmosphere.

The manufacturing of storm windows and doors will require the manufacture of
aluminum, Using the average number of small, medium, and large windows for
each residence type, and the total number of residences expected to participate
in the program, it was estimated that 39.1 thousand tons of aluminum would be
required. Production of this amount of aluminum will create 7.8 thousand
pounds of particles that will be released to the atmosphere, assuming an
emission rate of 0.2 1b/ton of aluminum (EPA 1973).

Proposed Action with Mitigations

The Proposed Action would reduce air quality in participating residences. To
lessen these adverse air quality effects, excluding residences with identi-
fiable sources of indoor air pollutants is being considered. Seven
Mitigations-By-Exclusion for the Proposed Action are addressed:

1. excluding residences with UFFI

2. excluding residences with unvented combustion appliances

3. excluding residences built slab-on-grade, with basements, or with
unventilated crawl spaces

4, excluding residences served by well water
5. excluding residences with wood stoves
6. excluding mobile home residences
7. excluding apartment residences.
Four Mitigations-By-Action for the Proposed Action are considered:
1. formaldehyde monitoring
2., air-to-air heat exchangers (AAHXs) for wood stoves
3. radon monitoring

4, informational booklet on detrimental effects of indoor air pollution in a
tightened residence.

Table 4.11 lists reasonable worst-case concentrations of HCHO, RSP, BaP, NO,,
C0, COy and radon for each residence type for each mitigation. See Appendix A

for procedure used in computing concentrations.




TABLE 4.11. Reasonable Worst-Case Concentrations of Pollutants as a Result
of Mitigations

Residgnse  HCHO RSPy BaPy N, €O CO, Radon (°)
Type (pom)  (wa/n®) (/) (uofn®) (o) (9
Proposed A 1.1 994 11.9 790 8.9 6.1 2.8 to 4.6
Action MH 1.1 1275 15,2 1013 11.4 7.8 3.6 to 7.0
SFA 0.8 602 7.2 478 5.4 3.7 1.8 to 2.8
SFO 0.3 264 3.2 210 2.4 1.6 1.0 to 2.0
Mitigation-by-Exclusion
No. 1 A 0.09 palc) PA PA PA PA PA
(no UFFI) MH 1.1 PA PA PA PA PA PA
SFA 0.05 PA PA PA PA PA PA
SFD 0.05 PA PA PA PA PA PA
No., 2 A PA 980 PA 50 5.4 2.3 PA
(no unvented MH PA 1256 PA 50 6.9 2.1 PA
combustion SFA PA 593 PA 50 3.3 1.1 PA
appliances SFD PA 260 PA 50 1.4 0.4 PA
No. 3 A PA PA PA PA PA PA 2.8
(no slab-on-grade MH PA PA PA PA PA PA 3.6
basements, unven- SFA PA PA PA PA PA PA 1.8
tilated crawl SFD PA PA PA PA PA PA 1.0
spaces, or with-
out ground cover
vapor barriers)
No. 4 A PA PA PA PA PA PA 0.4 to 2.2
(no well water) MH PA PA PA PA PA PA 0.4 to 3.9
SFA PA PA PA PA PA PA 0.3 to 1.3
SFO PA PA PA PA PA PA 0.3 to 1.4
No. 5 A 1.1 939 3.9 PA 6.0 PA PA
(no wood stoves) MH 1.1 1203 4.9 PA 7.6 PA PA
SFA 0.8 568 2.3 PA 3.6 PA PA
SFD 0.3 249 1.0 PA 1.6 PA PA
No. 6 A PA PA PA PA PA PA PA
(no mobile homes) MH (not included in program, same as No Action)
SFA PA PA PA PA PA PA PA
SFD PA PA PA PA PA PA PA
No. 7 A (not included in program, same as No Action)
(no apartments) MH PA PA PA PA PA PA PA
SFA PA PA PA PA PA PA PA
SFD PA PA PA PA PA PA PA
Mitigation-By-Action
No, 1 A 0.4 PA PA PA PA PA PA
(HCHO monitoring) MH 0.4 PA PA PA PA PA PA
SFA 0.4 PA PA PA PA PA PA
SFD 0.2 PA PA PA PA PA PA
No. 2 [AaHx(d) A 1.1 939 3.9 PA 6.0 PA PA
for woodstoves] MH 1.1 1203 4.9 PA 7.6 PA PA
SFA 0.8 568 2.3 PA 3.6 PA PA
SFD 0.3 249 1.0 PA 1.6 PA PA
No. 3 (Radon A PA PA PA PA PA PA 2.3 to 3.0
monitoring) MH PA PA PA PA PA PA 3.0
SFA PA PA PA PA PA PA 1.5 to 2.2
SFD PA PA PA PA PA PA 0.8 to 1.3
No. 4 (Informa- A PA PA PA PA PA PA PA
tional booklet) MH PA PA PA PA PA PA PA
SFA PA PA PA PA PA PA PA
SFD PA PA PA PA PA PA PA
(a) A = Apartments; MH = Mobile homes; SFA = Single-family attached; SFD = Single-family detached.
(b) Concentration in high-radon areas are about two to three times these values.
(c) PA = Same as Proposed Action.
(d) AAHX = Air-to-air heat exchanger.
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4,1.3 Delayed Action Alternative

Under the Delayed Action Alternative, the Proposed Action would not be imple-
mented. Instead, the Proposed Action would be reconsidered at some later time
(see Chapter 2). If this program is implemented (Delayed Action), the actual
pollutant concentrations would be the same as those for the Proposed Action.
On the other hand, further studies could indicate the need to revise the con-
centration level estimations for the various residence types. While the
expanded weatherization program is delayed, actual concentrations would be the
same as those for the No-Action Alternative (Section 4.1.1).

Until the present BPA program is expanded, about 105 annual average MW of
energy will not be conserved. Therefore, in producing this energy, pollutants
will be emitted to the atmosphere, and outdoor air quality will be affected.
The amount of pollutants released during the delay period will be the same as
those estimated for the No-Action Alternative (Section 4.1.1).

4,1.4 Environmentally Preferred Alternative

Under this alternative, all residences will be tightened for those homeowners
participating in the program. Air-to-air heat exchangers would be part of the
program to restore the original air infiltration rate in the residence. An
incentive would be provided to cover all or some portion of their cost. The
homeowner would be provided a booklet describing indoor air quality, its cause,
its potential health effects, ways to monitor it, ways to mitigate it, and
sources where more information is available.

Since AAHXs will be provided, the indoor air quality levels will be the same as
they were prior to weatherization or the No-Action Alternative. Since energy
will be conserved, the impact on the outdoor air quality will be similar to
that described under the Proposed Action Alternative.

4,1.5 BPA Preferred Alternative

This alternative would allow maximum flexibility in the Regionwide Weather-
jzation Program. Though similar to the Proposed Action, this alternative
allows the homeowner to decide if radon monitoring and possible mitigation
should be considered.

Initially, an energy analysis would be performed for participating homeowners.
During this analysis, the homeowner would receive a booklet describing indoor
air quality, factors affecting it, its potential health effects, ways to
monitor it, ways to mitigate it, and sources where more information is avail-
able. Homeowners would then be advised of the options available concerning
radon and of ways BPA can be of assistance. Eighty-five percent of participat-
ing homeowners are expected to select radon monitoring, although only 6% of
those residences will have concentrations exceeding an Action Level set by BPA
and, thus, require AAHXs.

For those residences either not electing to monitor their residence, or
monitoring and having radon levels below the established Action Level, the




indoor levels will be the same as estimated for the Proposed Action.
Residences receiving AAHXs will have the same pollutant levels experienced
prior to weatherization.

4,2 HEALTH EFFECTS

This section discusses the risks of health effects associated with the esti-
mated concentrations of the pollutants for the No-Action, Proposed Action (and
mitigations), Delayed Action, Environmentally Preferred, and BPA Preferred
Alternatives. Estimated concentrations, where appropriate, are compared to the
standards set up by the EPA (for outdoor air), standards established by
specific states, OSHA standards, or to those recommended by ASHRAE. The stan-
dards developed by EPA and OSHA are legally binding on industry. The ASHRAE
standards are voluntary, meant to serve as guidelines for federal, state, and
local agencies. Also, the OSHA standards are for the occupational, or working
environment, and are based on a 40-h exposure period per week. Thus, these
requirements are less limiting than the EPA standards, which were developed to
protect the general public at all times.

To estimate the expected risks of health effects for radon, BaP, and HCHO,
average concentrations were used for various combinations of pollutant

sources. Ranges of effects for the Proposed Action and various mitigation
options are presented, based on the lowest and highest concentration values.
Detailed information on the technique is given in Appendix I. Maximum values
are about 10 times larger than the average values. Also, each pollutant and
its effects are considered individually; synergistic effects (i.e., the effects
of two or more pollutants together) are unknown.

This section also describes the resulting health effects from the present BPA
program, The penetration rate for the proposed expanded program is 85% of
electrically heated residences (see Section 3.3.2). Penetration, in the
absence of the expanded program, will come from price-induced and private
utility-supported conservation activities.

In estimating health effects, estimated pollutant concentrations were assumed
to continue for a period of time sufficient to cause the estimated health
effects. For example, the model used to estimate health effects from exposure
to BaP assumes an average concentration would occur for 9 years. Each of the
tightening measures to be offered in the proposed expanded program has an
estimated useful life. Thus, after some period of time, the effective air
exchange rate of a residence would increase as these measures degrade. We
assume that this increase will be similar to the increase experienced in a
residence without tightening measures (see Section 4.1). Comparisons of the
estimated health effects from the alternatives and mitigations include a
similar increase in the air exchange rate over time. Therefore, consideration
of the useful life of the tightening measures is not necessary.

For HCHO, BaP, and radon, the estimated health effects are in terms of develop-
ment of lung cancer (BaP and radon), or estimated nasal cancer (HCHO). Effects
of the other pollutants discussed are limited to qualitative estimates of
discomfort, because risk factors or cancer development models are not developed
for pollutants other than those noted above.




4,2.1 No-Action Alternative

This section describes the conditions in those residences currently unable to
receive tightening measures (see Section 2.0). Even under the No-Action
Alternative, residences are assumed to use well water, to have unvented
combustion appliances, to have UFFI, and to have basements or unventilated
crawl spaces. Therefore, concentrations are considered 'reasonable worst
case'. The effects associated with this condition will be referred to as
'baseline' effects.

Formaldehyde (HCHO) Reasonable worst-case concentration levels of HCHO for the
No-Action Alternative range from 0.8 ppm for apartments to 0.2 ppm for single-
family detached residences. This range is below the current OSHA guidelines
for HCHO, but is above the ASHRAE recommended levels for indoor air quality.
The value for single-family detached residences is below the indoor standard
for Minnesota (0.5 ppm). At these concentrations some individuals would have
eye and nose irritation. When the living space is small and the ventilation is
poor, or under particular atmospheric conditions, this situation will be
worse, Between 7 and 8 cases of cancer would develop on an annual basis from
prolonged exposure to the various combinations of estimated HCHO concentration
levels (see Appendix I). Considering the population at risk, this is
equivalent to 0.2 cancers per year per 100,000 people. Under the present BPA
program, about 1 additional cancer is expected to occur about every 10 years
(0.11 cancers/yr), or 0.003 cancers per year per 100,000 people.

Respirable Suspended Particulate (RSP) Matter The estimated3reasonab1e worst-
case concentration levels of RSP range from 182 to 883 ug/m~. They are greater
than those measured in some residences with smokers. The estimated concentra-
tions are more typical of those found in bars (NRC 198la) or lodge halls (Yocom
1982). Thus, these values may not be good indicators of typical condgtions in
residences with smokers. However, concentrations as high as 600 ug/m~ have
been reported (NRC 1981a).

The risks of health effects related to RSP have not been estimated. Nonsmokers
could be affected by sidestream smoke (Pike and Henderson 1981). Sometimes
breathing is impaired and eyes and noses irritated.

Benzo-[al-Pyrene (BaP) The estigated reasonable worst-case concentrations of
BaP range from 2.2 to 10.6 ng/m~. Emission from wood stoves is the major
contributor to the estimated level. Because BaP concentrations can be related
to particulate concentrations from smoking, estimated levels would vary
according to the assumptions made about the amount of smoking.

Estimated levels are similar to those found in restaurants (Sterling, Dimich
and Kobayaski 1982) and are not typical residences with one smoker and, with
vented combustion sources. Benzo-[a]-Pyrene levels of 0.5 to 0.7 ng/m” are
more reasonable. Concentrations as high as the estimated values have been
measured in residences with no smokers and with a wood stove (Yocum 1982).

Using a risk analysis model developed by Pike and Henderson (1981), the fre-
quency of cancer in people who are exposed to various BaP levels can be esti-
mated. If the concentrations from various combinations of sources for each
residence type are used, about 104 people are expected to develop cancer
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yearly. This is the same as 2.6 cancers per year per 100,000 people. Under
the present program, between 3 and 4 additional lung cancers are estimated to
occur each year, or 0.04 cancers per year per 100,000 people. A more complete
discussion on the health effect risks is found in Appendix E.

Nitrogen Dioxide (NOzl_The estimated reasonable worst-case cgncentrations of
NO, for the No-Action Alternative range from 144 to 701 ug/m~. These
concentrations exceed the current EPA ambient air quality standard. These
values are almost totally due to high emission rates from portable space
heaters (kerosene). Conflicting data on emissions from these devices causes a
large degree of uncertainty to be associated with the values. If sensitive
individuals were exposed to these concentrations for any length of time, they
would have trouble breathing.

Carbon Monoxide (CO) Estimgted reasonable worst-case concentrations of CO

range from 1.6 to 7.9 mg/m~. Although higher than normally measured in
residences, concentrations within this range have been measured for short
periods of time (Macriss 1982). In residences with small living areas and poor
ventilation, these concentrations may cause sensitive people who are doing
strenuous activities, such as housework, to become exhausted more quickly.

They would, however, usually have no trouble breathing.

Carbon Dioxide (COZI_E§t1mated reagonable worst-case concentrations of
co2 range from 1.1°g/m° to 5.4 g/m”. In general, no risks of health effects
are estimated from these concentration levels.

Radon (Rn) Based on information in Appendixes F and I, about 100 people are
estimated to develop lung cancer yearly from radon exposure (see Appendix I) at
the estimated concentration levels. This figure is equivalent to 2.5 cancers
per year per 100,000 people. Under the present BPA program, about 1 additional
person every 5 or 6 years is estimated to develop lung cancer as a result of
radon exposure (0.175 cancers/yr), or 0.004 cancers per year per

100,000 people.

Other Health Effects If the expanded program is not implemented and power
shortages do occur, then power must be produced from coal, oil, or nuclear
powerplants. To estimate reasonable worst-case conditions, power generation
from coal is used for comparison. Then health effects due to coal mining and
transportation activities would occur. Both activities would have fatalities
and injuries associated with them,

Assuming Wyoming coal would be used and using average annual coal mine accident
and injury rates for conventional plant outputs, but scaled to 105.7 MW (DOE
1981c), about 11 injuries would occur with 636 lost worker days per year if the
coal is mined underground. If the coal was obtained from a surface mine, the
injury would be significantly less (2.4) with 141 lost worker days per year.
Annual production of the required amount of coal (184,939 tons) would require
approximately 71 to 95 miners.

The major hazard to public health from coal transportation is accidental
injury. The risk of this hazard can be related to the quantity of coal
shipped, multiplied by the distance it is transported. The injuries include
pedestrians on the railroad right-of-way (trespassers), and vehicle occupants
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Assuming the train carrying the coal would travel 2000 miles and using pub-
lished risk rates (DOE 1981c), the estimated public injury rate is low

(3.3 yr). The estimated occupational injury rate is about 10 times greater
(24/yr). The estimated number of occupational and public fatalities is 6.0 x
107“/yr and 0.7/yr, respectively.

The environmental and health impact estimates resulting from energy generation
at normal capacities for three thermal plants are shown under the Normal Level
headings in Tables 4.12, 4.13, and 4.14., The three plants chosen for examples
are the gas/oil-fired Frederickson plant near Puyallup, Washington, the coal-
fired Boardman plant at Boardman, Oregon, and the WNP-2 nuclear plant near
Rich;and, Washington (ECO Northwest 1983, 1984; Nero and Associates, Inc.
1984).

The energy savings lost under the BPA Proposed Action plan for thg No-Action
Alternative is estimated to be 105.7 MW annual average (9.26 x 10~ MWh per
year). Thus, if energy is required, these generation sources would be
required. The corresponding environmental and health effects resulting fro.:
the 105.7 MW annual energy savings lost, if applied to each of the examples
individually, are shown in Tables 4.12, 4.13, and 4.14 under the heading
No-Action. Note that the annual energy output of the Frederickson plant would
be only one-quarter of the expected energy needed (i.e., four plants would be
needed). For this situation, the health and environmental effects attributed
to the Frederickson plant would be increased by a factor of four. The Boardman
or WNP-2 plants environmental and health effects would be reduced bv factors of
0.274 and 0.160, respectively.

The data contained in Table 4.12 indicate that if the oil-fired portion of the
Frederickson plant was required to supply 105 MW of electricity, about

0.6 persons per year would be estimated to die from SO, exposure. Operation of
the plant also would be expected to cause 112.5 cases of sickness, primarily
bronchitis, on an annual basis. Operation of the Boardman coal-fired plant and
the WNP-2 nuclear plants at the same level (i.e., supplying 105 MW of
electricity) would yield an estimated 0.15 and 0.22 deaths, respectively, due
to SO, and radionuclide exposure (Table 4.13 and 4.14). The estimated number
of ilTnesses would be 6.2 for Boardman and none for WNP-2.

The estimated number of deaths due to the mining and transportation of coal and
operation of a coal plant could be expressed in terms of deaths per 100,000
people. However, this requires an estimate of the number of pecple at risk,
which is not available.

4.2.2 Proposed Action

This section discusses the risks of health effects that would result if the
Proposed Action is chosen. The Proposed Action consists of expanding the
present BPA program to provide tightening measures for residences that are not
currently receiving them,

Formaldehyde (HCHO) Estimated reasonable worst-case concentrations of HCHO for
the four residence types are given in Table 4.15. The estimated concentrations
for the No-Action Alternative are included for comparison.
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TABLE 4.12., Annual Physical Effects fr?g)Thermal Generation Alternatives,
(

Frederickson Gas/0il Plant per year)
Normal Level No-Action(b) Normal Level No-Action(b)
0il Fired Gas Fired
Pollutant Pollutant
Effects 502 ‘Nﬁé TSP SOz NOZ TSP NO, T3P NG, TSP
Mortality cases
Tage group)
18 to 44 0.014 0 0 0.058 0 0 0 0 0
45 to 64 0.066 0 0 0.272 0 0 0 0 0
65+ 0.064 0 0 0.264 0 0 0 0 0
Morbidity cases
[alT ages)
Bronchitis 15 0 1 61.8 0 4,12 0 0.5 0 2.06
Lower respiratory 5 0 0 20,6 0 0 0
Croup 5 0 0 20,6 0 0 0
Pneumonia 2 0 0 8.2 0 0 0
Acute illness 0.3 2 0 1.2 8.24 0 0
A1l disorders 27.3 2 1 112,5 8,24 4,12 0 0.5 0 2.06
Material losses (%) 190 72 1 782.8 296.6 0 72 1 782.8 4,12

Visibility impairment 14,235 11,467 10,000 58,648 47,244 41,200 10,000 6,725 65,8648 41,200
{Km-person-yrj

Crop losses

Corn (bu) 0.05 0.5 0 0.206 2.06 0 0.5 0 2.06 0
Wheat (bu) 0.05 0.5 0 0.206 2.06 0 0.5 0 2.06 0
Oats (bu) 0.01 0.1 0 0.041 0.412 0 0.1 0 0.412 0
Barley (tons) 0.10 1.0 0 0.041 0.412 0 1.0 0 4,12 0
Hay (tons) 0.15 1.5 0 0.618 6.18 0 1.5 0 6.18 0
Berries (1b) 0.16 1.3 0 0.659 5.36 0 1.1 0 5.36 0

{a) Rated 2 units at 75 MW each; 1500 h/yr operation; annual production = 2,25 x 105 MWh/yr.
(b) Effects factor = 4,12,




TABLE 4.13. Annual Physical Effects froT Thermal Generat1on Alternatives,

Boardman Coal-Fired P]ant (per year)
Normal Level No-Action(b)
Pollutant
Effects S0, and S0, NO, and Oj TSP 50, and SO, NGO, and O3 TSP
Mortality cases
{age group)
18 to 44 0.02 0 0.00 0.014 0 0.00
45 to 64 0.08 0 0.00 0.058 0 0.00
65+ 0.11 0 0.00 0.08 0 0.00
Morbidity cases
“(all ages)
Bronchitis 3.2 0 0.5 2.3 0 0.36
Lower respiratory 2.3 0 0 1.7 0 0
Croup 2.3 0 0 1.7 0 0
Pneumonia 0.7 0 0 0.51 0 0
Acute illness 0.12 2.9 0.01 0.09 2.1 0.007
A11 disorders 8.6 2.9 0.51 6.2 2.1 0.37
Material losses ($) 432 143 8 313 104 6
Visibility impairment 457 205 4 332 149 3
{km-person-yr)
Crop losses
Corn (bu) 4 4 0 3 3 0
Wheat (bu) 390 380 0 283 276 0
Oats (bu) 2 1 0 1.5 0.7 0
Barley (?) 24 23 0 17 17 0
Potatoes (100 wt) 759 700 0 551 508 0
Alfalfa (tons) 8 8 0 6 6 0
Alfalfa seed (1b) 61 35 0 44 25 0
Red clover seed (1b) 3 2 0 2 1.5 0
Ta) 550 WW rating; operational level 70%; annual production = 33,726 x 10° MWh/h .

(b) Effects factor = 0.274.
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TABLE 4.14.

Normal Level

Annual Physical Eff
WNP-2 Nuclear Plant

from Thermal Generation Alternatives,

?ggs(per year)

No-Action(b)

Tmpact Impact
Water Water Cooling Water Water Cooling
Radiation Discharge Discharge Tower Radiation Discharge Discharge Tower
Release (thermal) (chemical) Asbestos Plume Release  (thermal) (chemical) Asbestos _Plume
Mortality
Occupational
Plant operation 0.165 0.138
Fuel cycle 0.020 nalc) NA ns(d) NS 0.017 NA NA NS NS
Decommission 0.004 0.003
Public (year 2000)
Plant operation 0.005 NA NA NS NS 0.004
Fuel cycle 0.064 0.053
Morbidity Not Quantifi- NA NA NS NS
able
Fish Loss NS NS NS NS -
Visibility - -~ - -- NS
Salt Deposition -— -- NS - Negligible
Crop Losses NA My () MNV - MNV
Water Quality -- 0.3°C NS NS -
at 30 ft

(a) 1100 MW rating; operational level 60%; annual production 57.816 xlO5 MWh/yr,

(b) Effects factor = 0.160.
(c) Not addressed.
(d) Not significant.

(e) MNV - Marginal Natural Vegetation.




TABLE 4,15, Proposed Action and No-Action Alternative--Estimated
Reasonable Worst-Case Formaldehyde Concentrations

Reasonable Worst-Case
Concentration, ppm

Residence Type No Action Proposed Action
Apartments 0.7 1.08
Mobile homes 0.8 1.12
Single-family attached 0.5 0.77
Single-family detached 0.2 0.27

The largest concentration and change occurs in mobile homes. The estimated
increase in the HCHO concentrations in apartments would, for some people,
probably result in eye and nose irritation. For some individuals who are
sensitive to HCHO, problems with breathing function could develop. Because the
HCHO that is released from some sources depends on the temperature and humidity
of the residence, the amount of irritation would vary. However, the rates at
which HCHO is released from sources such as particle board decrease over

time. So over the long term, irritation effects would decrease.

In the other residence types, only sensitive individuals should notice eye and
nose irritation. Again, because of temperature and humidity conditions in the
residence, the irritation effects may be stronger at sometimes than at others.

Of the estimated concentration levels, only the one for single-family detached
residences meets either the Wisconsin standard (0.4 ppm) or the Minnesota
standard (0.5 ppm) for indoor HCHO levels.

I[f a certain combination of rate of release, small residence volume, and a
reduced air-exchange rate occurred, concentrations would be high enough to
cause eye and nose irritation and to cause breathing problems. How often this
condition would occur and how many residences would be affected are unknown. A
more detailed discussion on HCHO concentrations and risk of health effects is
found in Appendix D.

A technique developed by Cohn (1981) was used to estimate cancer risk from HCHO
exposure. Assuming continuous exposure, between 1 and 2 (1.4) additional
persons would develop cancer every year. This is equivalent to 0.04 cancers
per year per 100,000 people. An estimated range of health effects would be
between one additional cancer every 6 years to between 25 and 26 additional
cancer every year.

Respirable Suspended Particulate (RSP) Matter Estimated reasonable worst-case
RSP concentrations for the four residence types are given in Table 4,16.

The values presented in Table 4.16 are based on the assumption that 31 ciga-
rettes are smoked (equivalent to two smokers) in the residence over a 16-h
period (NRC 198la). As a result, the values for the Proposed Action are 20 to




TABLE 4,16. Proposed Action and No-Action Alternative--Estimated
Reasonable Worst-Case Respirable Suspended
Particulate Concentrations

Reasonable WOrst-Cas§
Concentration, ug/m

Residence Type No Action Proposed Action
Apartments 689 994
Mobile homes 883 1275
Single-family attached 417 602
Single-family detached 182 264

40 times those measured in residences with no smokers and are 10 to 20 times
the concentrations normally found in residences with one smoker. This differ-
ence is because the modeling technique used in this analysis does not account
for particle removal. If the Proposed Action is chosen, residences with
smokers will have increased RSP concentrations. Residences without smokers
will probably experience only a slight increase in RSP concentration.

Specific risks of health effects from increased RSP concentrations for resi-
dences with and without smokers are difficult to estimate. A recent study (NRC
1981) has shown that nonsmokers exposed to cigarette smoke may have a reduced
breathing capacity. If the concentration is increased, the situation can only
become worse. In a residence without smokers, no related effects should be
noticed.

Benzo-[a]-Pyrene (BaP) Estimated reasonable worst-case BaP concentrations for
the four residence types are given in Table 4.17. The No-Action Alternative
concentrations are included in that table for comparison.

TABLE 4,17, Estimated Reasonable Worst-Case Benzo-[a]-Pyrene Concentrations
for No-Action Alternative and the Proposed Action

Reasonable worst-Casg
Concentration, ng/m

Residence Type No-Action Proposed Action
Apartments 8.2 11.9
Mobile homes 10.6 15.2
Single-family attached 5.0 7.2
Single-family detached 2.2 3.2

The estimated BaP concentrations are based on cigarette smoking and emissions
from wood stoves. For the Proposed Action, estimated concentrations are
typical of those measured inside an arena with 12,000 to 14,000 people
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(Sterling, Dimich and Kobayaski 1982). However, a concentration of 12 ng/m3
has been reported for a residence with smokers and a fireplace (Yocom 1982).

Using a risk analysis model developed by Pike and Henderson (1981), the
increase in lung cancer from increased BaP levels was estimated. Based on the
values in Table 4.17, about 17 additional persons could develop lung cancer
yearly under the Proposed Action, or 0.43 persons per year per 100,000 people.
The estimated range for additional lung cancers developing would be between 2
and 3 to between 156 and 157 persons per year.

Nitrogen Dioxide (NO,) Estimated reasonable worst-case concentrations of NO,,
for the four residence types, are given in Table 4.18. The No-Action

Alternative concentrations are included in that table for comparison.

The current EPA ambient air quality standard for NO §s 100 pg/m3. The OSHA
standard for normal workroom conditions is 9,000 ug;m . For the Proposed
Action, all concentrations are above the EPA standard, but below the OSHA stan-
dard. The estimations consider the combined NO, releases from wood stoves, gas
stoves, and portable space heaters that are unvented, in addition to cigarette
smoking. These estimated concentrations are almost totally due to emissions
from space heaters. All the combustion sources probably would not occur in
every home, and each source probably would not be unvented. Residences with
small living areas, however, could reach concentrations that would affect the
breathing ability of sensitive individuals. Also, if maximum concentrations,

TABLE 4,18, Proposed Action and No-Action Alternative--Estimated
Reasonable Worst-Case Nitrogen Dioxide Concentrations

Reasonable Worst-Cas
Concentration, ug/m

Residence Type No-Action Proposed Action
Apartments 548 790
Mobile homes 701 1,013
Single-family attached 331 478
Single-family detached 144 210

which could be 5 times the values given in Table 4.18, persist for any length
of time, sensitive individuals could experience breathing problems.

Carbon Monoxide (C0) Estimated reasonable worst-case CO concentrations are
given in Table 4,19. The No-Action Alternative concentrations are included in
the table for comparison.

The greatest increase and greatest concentration occurs in_,mobile homes. The
current EPA standard for ambient concentration§ is 10 mg/m~. The current OSHA
standard for normal work conditions is 55 mg/m~., The Proposed Action concen-
trations, except for mobile homes, are below these standards. Probably, no




TABLE 4.19. Proposed Action and No-Action Alternative--Estimated
Reasonable Worst-Case Carbon Monoxide Concentrations

Reasonable Worst-Case
Concentration, mg/m3

Residence Type No-Action Proposed Action
Apartments 6.2 8.9
Mobile homes 7.9 11.4
Single-family attached 3.7 5.4
Single-family detached 1.6 2.4

chronic effects would be observed under normal conditions. However, in some
cases where a residence has a smaller-than-average living space and other fac-
tors that reduce ventilation, the concentrations may cause people doing activi-
ties such as housework to become exhausted more quickly. They would not be
susceptible to acute CO poisoning and would have no trouble breathing normally.

Carbon Dioxide (CO,) Estimated reasonable worst-case CO, concentrations for the
four residence types are given in Table 4.20. The No-Action Alternative
concentrations are included in the table for comparison.

TABLE 4,20. Proposed Action and No-Action Alternative--Estimated
Reasonable Worst-Case Carbon Dioxide Concentrations

Reasonable WOrst-Caﬁe
Concentration, g/m

Residence Type No-Action  Proposed Action
Apartments 4,2 6.1
Mobile homes 5.4 7.8
Single-family attached 2.5 3.7
Single-family detached 1.1 1.6

No EPA ambient aig quality standard exists for COp. The OSHA normal workroom
standarg is 9 g/m”°. ASHRAE recommends that concentrations not exceed

4,5 g/m~., The estimated concentrations for apartments and mobile homes exceed
the ASHRAE standard, but all concentrations are below OSHA 1imits. Few health
effects are estimated.

Maximum concentrations that could infrequently occur in residences with small
living spaces and reduced ventilation could cause headaches, dizziness, and
nausea. Along with the nausea, some sensitive people could sense a difficulty
in breathing.

The estimated CO, concentrations are primarily due to large emissions from por-
table space heaters. Smoking and the use of wood stoves have no discernible
effect on the estimated levels. The estimated CO, levels may be considered by
some to be acceptable. However, to others the estimated levels could pose a
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health problem. Many ventilation engineers feel that indoor CO, levels are the
most important parameters for setting ventilation standards in energy-efficient
buildings.

Radon (Rn) Estimated levels of radon were used to estimate additional lung
cancers from radon exposure. This calculation is described in Appendix I.
Under the Proposed Action, 12 to 13 additional persons could develop lung
cancer yearly, or 0.32 cancers yearly per 100,000 people. Almost half of the
increase in cancers estimated for the Proposed Action would occur for people
living in apartments. An appropriate range of health effects due to increased
radon concentration levels would be between 1 and 2 additional lung cancers
every year to 145 lung cancers per year (1.43 to 144.7 cancers/yr). Estimated
radon concentrations for the various residences and construction types in most
areas and high-radon areas of the region are given in Tables 4.21 and 4.22.

Individual Health Effects

The information provided above, on the estimated number of cancers developing
from increased radon and BaP levels, is a regional total. The estimated value
is the sum of smaller values for each residence type, by climatic zone, and
accounts for the probability of various pollutant sources occurring in a
specific residence type.

On an individual basis, the risk of developing cancer from radon exposure and
BaP concentration levels can be compared to the risk of death from performing

TABLE 4.21. Proposed Action and No-Action Alternative--Estimated Reasonable
Worst-Case Radon Concentrations in Most Areas of the Region

Reasonable Worst-Case
Concentration, pCi/%

Residence Type Construction No Action Proposed Action
Apartment Basement 2.3 3.2
Slab-on-grade 3.0 4.3
Unventilated crawl space 3.2 4.6
Ventilated crawl space 2.0 2.8
Mobile home Unventilated crawl space 5.0 7.0
Ventilated crawl space 0.4 3.6
Single-family Basement 2.0 2.8
attached Slab-on-grade 1.8 2.4
Unventilated crawl space 1.8 2.6
Ventilated crawl space 1.3 1.8
Single-family Basement 1.1 1.5
detached Slab-on-grade 1.1 1.5
Unventilated crawl space 1.5 2.0
Ventilated crawl space 0.7 1.0




TABLE 4.22. Proposed Action and No-Action Alternative--Estimated
Reasonable Worst-Case Radon Concentrations in the
High-Radon Areas of the Region

Reasonable Worst-Case
Concentration, pCi/&

Residence Type Construction No Action Proposed Action
Apartment Basement 4.5 7.9
Slab-on-grade 5.9 10.3
Unventilated crawl space 6.4 11.3
Ventilated crawl space 4.0 6.9
Mobile home Unventilated crawl space 9.8 17.4
Ventilated crawl space 1.0 9.0
Single-family Basement 3.9 6.8
attached Slab-on-grade 3.4 5.9
Unventilated crawl space 3.7 6.4
Ventilated crawl space 2.7 4,6
Single-family Basement 2.1 3.6
detached Slab-on-grade 2.1 3.6
Unventilated crawl space 2.9 5.0
Ventilated crawl space 1.5 2.4

everyday activities. For instance, the risk of dying from exposure to 1 pCi/%
of radon over a lifetime (70 years) is the same as the risk of dying from smok -
ing an average of less than one (1/10 to 1/4) cigarette per day.

The risk of being exposed to 1 pCi/% of radon over a lifetime (70 years) is
also the same as the risk of dying from an automobile accident after traveling

125,000 miles in a car, about 12 years of normal driving. Comparison with
other activities are given in Appendix J.

Proposed Action, with Mitigations

Table 4.23 compares the risks of health effects for the mitigations. The range
of health effects for each measure is available in Appendix I.

4,2.3 Delayed Action Alternative

Estimated risks of health effects for the Delayed Action Alternative would be
the same as those for the No-Action Alternative, until the expanded weatheriza-
tion program is implemented. After that, the risks of health effects would be
the same as for the Proposed Action, if little or no price induced or other
conservation activities have occurred.

During the period that BPA's present program is delayed, additional studies
will collect data on the emission rates of radon from the soil and water in the
region. These studies may indicate that different assumptions are needed to
estimate reasonable worst-case radon concentration levels. Other research
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TABLE 4.23.

Measure

Comparison of Risks of Health Effects as a Result
of Mitigations-By-Exclusion

Risk of Health Effects

Proposed Action

Mitigation-By-Exclusion

No. 1
(no UFFI)

No., 2
(no unvented com-
bustion appliances)

No. 3

(no slab-on-grade,
basements, or
unventilated

crawl spaces)

No. 4
(no well water)

No. 5
(no wood stoves)

No. 6
(no mobile homes)

No. 7
(no apartments)

Mitigation-By-Action
No. 1

No. 2

No. 3

No. 4

Less than one (0.75) additional lung cancer per 100,000 exposed people would
develop yearly from radon and BaP exposure (0.32 from radon, 0.43 from

BaP). Less than one (0.04) additional cancer per 100,000 exposed people
would develop every year from HCHO exposure. Nonsmokers could experience
reduced breathing capacity as a result of RSP concentration levels. Young
children could experience breathing problems if exposed to high NO, con-
centrations., High CO levels could cause some people doing strenuous
activities to become tired more quickly.

Less than one (0.72) additional lung cancer per 100,000 exposed people
would develop yearly from radon and BaP exposure. Less than one (0.03)
cancer per 100,000 exposed persons would develop from HCHO exposure. Risk
of health effects for other pollutants are the same as for the Proposed
Action.

Less than one (0.22) additional lung cancer per 100,000 exposed people

would develop annually from radon exposure. Less than one (0.06) additional
lung cancer per 100,000 exposed people would develop annually from BaP
exposure. Less than one (0.02) additional cancer per 100,000 exposed people
every year would develop from HCHO exposure. Nonsmokers could experience
reduced breathing capacity as a result of RSP concentration levels. The risk
of health effects from other pollutants is near ambient levels,

Less than one (0.06) additional lung cancer per 100,000 exposed people
would develop annually from BaP exposure. Less than one (0.04) additional
lung cancer per 100,000 exposed people would develop every year from radon
exposure. Less than one (0.01) additional cancer per 100,000 exposed

people every year would develop from HCHO exposure. Risks of health effects
from other pollutants are the same as for the Proposed Action.

Less than one (0.23) additional lung cancer per 100,000 exposed people
would develop yearly from radon exposure. Risks of health effects for the
other pollutants are the same as for the Proposed Action.

Less than one (0.002) additional lung cancer per 100,000 exposed people
would develop yearly from BaP exposure.

Less than one (0.61) additional lung cancer per 100,000 exposed people
would develop yearly from radon and BaP exposure. Less than one (0.01)
additional cancer per 100,000 exposed persons would develop from HCHO
exposure.

Less than one (0.60) additional lung cancer per 100,000 exposed people
would develop as the result of radon and BaP exposure. Less than one (0.03)

additional cancer per 100,000 exposed people per year would develop from
HCHO exposure.

No additignal cancers would develop from HCHO exposure.

Less than one (0.002) additional lung cancer per 100,000 exposed people
would develop a year from BaP exposure.

Less than one (0,29) additional lung cancer per 100,000 exposed people
would develop annually from radon exposure.

Same as Proposed Action.
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studies could define different risk factors for radon, HCHO, and BaP, or could
develop risk factors for other pollutants found indoors. The better
information would not change the risk of health effects associated with
occupying a particular tightened residence. It would improve the ability to
estimate this risk. In any event, while the program is delayed, about 8 or

9 additional persons would not develop lung cancer on a yearly basis, who are
estimated to do so under the Proposed Action.

4.,2.4 Environmentally Preferred Alternative

Because the residences tightened under this alternative will receive AAHXs to
maintain their original air infiltration rate, no additional health effects
beyond those described for the No-Action Alternative are expected.

4,2.5 BPA Preferred Alternative

The additional regional health impacts will depend on the radon Action Level
established by BPA. Table 4.24 provides the estimated additional lung cancers
per year per 100,000 people as a function of the Action Level established. If
BPA established an Action Level of 1.15 pCi/%, no additional lung cancers are
estimated to occur. The change in additional lung cancers, based on Action
Levels of 3 pCi/e to 10 pCi/&, is small. The values given in Table 4.24 are
based on a model that uses average concentration values, so in reality, the
lower Action Level values would produce smaller estimated additional lung
cancers. The monitoring program, however, will insure that residences with a
higher original radon concentration will not experience any incremented
increases. Thus, the true average will be lower and, therefore, the estimated
additional lung cancers would be less. The health impacts for BaP and HCHO
will be reduced

TABLE 4,24, Additional Lung Cancers from Radon as a
Function of Action Level

Action Level (pCi/%)

2 3 4 5 10
Additional Lung Cancers 0.23 0.29 0.30 0.31 0.32
(per 100,000 persons)
Additional Lung Cancers 9.28 11.31 11.89 12.22 12.53

(per year)

from levels estimated for the Proposed Action. However, because the residences
receiving AAHX may or may not be residences with high BaP or HCHO levels, it is
impossible to accurately estimate the reduction in health effects. Therefore,
to be conservative, the estimated health effect levels for BaP and HCHO will be
considered the same as estimated for the Proposed Action.

The health impacts for all other pollutants considered will be the same as
either the No-Action or Proposed Action Alternative, depending on whether or
not an AAHX was installed.




4.3 ENERGY

This section evaluates the effects of the alternatives and mitigations on the
use of energy. This energy use is looked at in two ways: 1) how energy is
saved in the residences that are tightened, and 2) how much energy is needed to
manufacture the tightening measures. The first item primarily relates to
energy use in the Pacific Northwest region. The second item generally relates
to energy use outside the region because few manufacturers of conservation
devices are located in the Northwest.

The amount of energy saved through use of tightening measures has been esti-
mated from information from both the first and second Pacific Northwest Resi-
dential Energy Survey. That survey identified, for each of three climate zones
(see Glossary):

® the number of electric customers
e the percentage of residences using electric heat

® the extent to which the residences have caulking, weatherstripping,
storm windows and doors, or wall insulation.

Using this information, the number of electrically heated residences, for each
residence type, in each climate zone, that could benefit from tightening mea-
sures was computed. Potential energy savings were then computed for these
residence types considering that some residences already had weatherization
measures installed. A complete discussion of this computation is given in
Appendix K.

The regional potential energy savings by residence type, obtained by summing
the individual state values, are given in Table 4.25. These values represent
energy savings that would occur if all residences received all needed measures
and participated in the program. The values in this table reflect energy
savings due to reduced air exchange rates and thermal losses from instalTation
of storm windows and doors. However, the values in Table 4.25 include some
residences eligible to receive tightening measures under the present program.
A range of values is given in the table; these ranges represent potential
energy savings if all residences in each residence type were very tight or very
loose, so the tightening measures provided the least or most benefit,
respectively.

A11 of the potential savings noted above would not be realized because 1) for
the Proposed Action, not all eligible electrically heated residences are
expected to participate in the program; 2) for some of the mitigations, certain
residences would be excluded from receiving tightening measures; and 3) not all
eligible residences would participate at the same time. The estimated
penetration rate for the program is 85%. This rate includes all eligible low
income residences.

Of the tightening measures offered under the Proposed Action, only the instal-
lation of storm windows and doors would greatly affect manufacturing. The
energy needed for the manufacture and delivery of these was estimated by a
method adopted by DOE (1979). If all eligible residences participated in the




TABLE 4,.25. Pote tja] Reduction in Annual Electrical Load by Climate

Zone'?/) and Building Type if Tightening Measures are
Applied to A1l Eligible Residences (in MW)

Residence Type Zone 1 Zone 2 Zone 3 Total
Apartments 10.70 3.27 1.38 15.35
range 9.63-17.43 2.95-5.35 1.21-2.47 13.79-25.25
Mobile homes 3.27 2.14 1.57 6.98
range 2.65-6.12 1.82-3.49 1.28-2.90 5.75-12.51
Single-family 15.38 5.39 3.96 24,73
attached range 13.88-24.53 4,77-9.14 3.36-7.61 22.01-41.28
Single-family 63.02 21.56 24,73 109.31
detached range 48.03-97.63 15,71-35,05 17.65-41.08 81.39-173.76

(a) The climate zones are a division of the region according to heating
requirements, that is, by weather. Zone 1 is western Oregon and
Washington, Zone 2 is eastern Oregon and Washington, and Zone 3 is Idaho
and Montana.

program, about 209 miliion square feet of glass would be required for storm
doors and windows. To produce this amount of glass, about 3.1 trillion Btu
(about 105 MWyr) is needed.

4,3,1 No-Action Alternative

Under the No-Action Alternative, residences containing one or more of the fea-
tures identified as exclusion criteria by BPA (see Section 2.0), would not
receive tightening measures under the BPA supported program. However, all
residences would continue to be eligible to receive other conservation mea-
sures. Thus, energy saving would be no greater than those projected for the
existing program (BPA 1981b).

Although the No-Action Alternative provides no additional energy savings, other
conservation programs (i.e., state, and public and private utilities) may pro-
vide measures not available through BPA funding. In addition, increases in
electric rates will cause some homeowners to install tightening measures on
their own. A good estimate of the amount of energy that will be saved by
price-induced conservation, as this effect is called, is not presently avail-
able for the BPA region. In 1977, the Northwest Energy Policy Project (NEPP)
estimated that about 3000 average annual MW of electrical energy would be saved
between 1975 and 1995 by the effect of electrical rates on consumers. That
total, however, includes energy savings from all sectors (residential, commer-
cial, agricultural and industrial) due to both weatherization and changes in
energy use practices (see Section 3.4).




4.3.2 Proposed Action

The Proposed Action would expand the BPA's present program by eliminating
restrictions for installing tightening measures. Based on BPA's expected
penetration rate, the annual electrical load is estimated to be reduced by
approximately 105.7 annual average MW or 3.2 trillion Btu/yr (see Glossary)
after the program is fully implemented. This reduction in electrical energy
use is equivalent to saving 568 thousand bbl of petroleum annually. But about
3.1 trillion total Btu would be required to manufacture, deliver, and install
the storm windows and doors called for by the Proposed Action. Most of this
energy would be consumed outside the BPA region and would be in the form of
natural gas or electricity used in glassmaking. A small fraction of this
energy would be needed to manufacture aluminum and materials used in storm
windows and doors. Nonetheless, the net energy savings over the life of the
tightening measures are substantial.

Proposed Action, with Mitigations

Some mitigations (see Section 2.2) would exclude from the Proposed Action a
varying number of residences with an identifiable source of pollutants. Thus,
the annual electrical load would not be reduced as much as it would be by the
Proposed Action. However, as fewer residences would receive tightening mea-
sures, less energy would be needed to manufacture, deliver, and install storm
doors and windows. Other mitigation options would not exclude residences, but
would require energy to operate AAHXs. The reduction in energy savings would
be based on the number of residences needing AAHXs. Table 4.26 compares the
effects on energy as a result of the mitigations.

4,3.3 Delayed Action Alternative

I[f the Proposed Action is delayed in order to increase understanding of the
potential health effects of indoor air pollution, or to develop better mitiga-
tion technologies, the energy savings possible from the program expansion would
also be delayed. During years of adequate electrical energy supply, the fore-
gone savings will not cause any energy shortages. Under certain conditions,
however (low hydropower generation due to dry weather or faster-than-estimated
growth of electrical consumption), these savings would be important.

Delay of the Proposed Action could also affect conservation actions undertaken
by utilities and consumers independent of BPA's present program. The magnitude
of both the present and proposed expansion of this program is great enough to
alter the pace and level of conservation brought about bymarket forces. If it
appears to consumers that the expansion of the BPA program could be delayed for
a substantial time, price-induced conservation may develop somewhat faster than
would be the case if consumers expect significant subsidies for house-tighten-
ing to be available through BPA in the near future. It is also conceivable
that consumers could delay planned weatherization--in expectation of expanded
BPA funding. A prediction of which direction the effect of a delay in the
Proposed Action would take is beyond the scope of this analysis, however.




TABLE 4.,26. Comparison of Effects on Energy as a Result of
Mitigations

Energy Conserved Range
Actions Annually, Average MW  Average MW

Proposed Action 105.7 84.8-166.5
Mitigation-By-Exclusion

No. 1 102.8 82.7-161.3

No. 2 104.3 83.7-164.0

No. 3 52.1 44,0- 73.4

No. 4 92.0 75.2-142.5

No. 5 72.0 61.1-107.5

No. 6 99.8 79.9-155.9

No. 7 92.7 73.0-145.,1
Mitigation-By-Action

No. 1 105.6

No. 2 98.8

No. 3 ' 100.8 to 105.3(2)

No. 4 105.7 84.8-166.5

(a) Depends on Action Level chosen.

4.3.4 Environmentally Preferred Alternative

A substantial power penalty would occur because a large number of residences
would receive AAHXs. Assuming 1,027,650 homeowners received AAHXs, a power
penalty of 18.3 MW would occur. The regional energy savings would be reduced
to 87.4 MW,

4,3.5 BPA Preferred Alternative

The number of residences receiving AAHXs depends on the number who choose to
have their residence monitored and then how many of those residences would have
radon levels above the Action Level established by BPA. it is assumed that 85%
of those participating in the program will request monitoring, (i.e.

873,503 residences). Of the residences monitored, it is estimated that 4 to
15% will require AAHXs. For this analysis we use 6% as an average number,
Therefore, 78,342 exchangers would be required. This means a 1.78 MW power
penalty will occur, and the regional energy savings will be reduced to

103.9 Mw.
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4.4 SOCIOECONOMIC EFFECTS

The potential socioeconomic effects of the alternatives and mitigation options
are discussed and compared in this section. The methodology used to estimate
these effects, and the calculations to support them can be found in Appendix L.

Program costs were estimated on the basis of the average unit costs for the
various tightening measures eligible under the Proposed Action. Unit costs
were multiplied by the estimated number of residences expected to receive each
measure, based on the second Pacific Northwest Residential Energy Survey, BPA's
expected penetration rate (85%), and the presumed availability of residences to
receive tightening measures. The latter factor was estimated for each
residence type in each climate zone and deducts homes that would have been
tightened under BPA's present program. For each Mitigation Action Alternative,
this factor subtracts residences with features covered by the specific set of
exclusion criteria for that alternative. Administrative costs are assumed to
remain reasonably constant for all alternatives, and therefore are presented
only once. All costs are stated in 1983 dollars, unless otherwise indicated.

4,4,1 No-Action Alternative

Under the No-Action Alternative, the present BPA program would be maintained.
BPA estimates that approximately 70% of electrically heated residences are
ineligible for tightening measures because of the inclusion criteria. The
costs for the first year of this program (including retroactive payments to
participating utilities for weatherization undertaken by 12/5/80 but before
BPA's program was operating) was approximately $26,500,000. Funding could
continue at the rates projected by BPA in its planned weatherization budget
(which assumes program expansion); surplus funds could be used to allow
utilities to increase participation targets (or to meet existing targets that
have been restricted by a lack of funds). Conversely, the present estimated
budget could be lowered, but at the cost of lost opportunity for cost-effective
conservation. Because BPA's costs for weatherization and house tightening are
estimated to be considerably lower (less than 35 mills/kWh, seé Appendix L,
Table 11) than the incremental costs of providing new generation (over

60 mills/kWh), such savings in program costs could be accompanied by higher
eventual electrical rates for BPA customers.

4.4.2 Proposed Action

A range of expected average costs was developed for the tightening measures
that would be funded under the expanded weatherization program (Appendix L,
Table L.1). These costs were applied to the estimated number of residences in
each climate zone that would require the various measures and that could be
expected to participate in the expanded program. The total costs for each
tightening measure by residence type and zone were summed to derive total
program costs for the Proposed Action Alternative and the seven Mitigation
Alternatives. Program costs for the medium tightening measure cost case are
presented in Table 4.27; those for the low and high cases can be found in
Appendix L, Tables L.6 and L.8. The costs in these tables are for the entire
amount (materials and installation) of the various combinations of tightening
measures being considered by BPA, While the cost per measure amounts used in
this calculation are probably realistic, the total program cost figures should
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TABLE 4.27. Estimated Program Costs (in thousands of dollars) for Pro oied
Action and Proposed Mitigations-By-Exclusion, Medium Case'@

Proposed Mitigation

Tightening Measure _Action 1 2 3 4 5 6 /
Storm Door/Windows 527.2 517.41 185.8 507.0 435.8 494.2 464.2 301.0
Weatherstripping 16.6 16.2 5.9 16.1 14.1 13.4 12.6 11.1
Caulking/Gaskets 86.4 84.7 34,2 83.6 71.9 70.6 74.6 52.9
Storm Door/Windows 543.8 533.61 191.81 523.11 450.01 507.61 476.71 312.21
& Weatherstripping

Storm Door/Windows 613.6 602.0 220.1 590.6 507.8 564.8 538.8 354.0
& Caulking/Gaskets

Weatherstripping & 102.9 100.9 40.2 99.7 86.1 84.0 87.2 64.1
Caulking/Gaskets

Storm Door/Windows, 630.2 618.2 226.0 606.7 521.9 578.2 551.4 364.1
Weatherstripping,

& Caulking/Gaskets

Storm Door/Windows, 1184.5 1161.8 450.3 1142.9 980.4 1031.7 1036.9 698.6
Weatherstripping,

Caulking/Gaskets,

& Wall Insulation

(a) The medium case refers to medium cost estimates for each tightening measure
(see Table L.1, Appendix L).

be viewed as estimates only, since a number of assumptions had to be made about
how many residences need each measure, how many customers will participate in
the program, and how many residences would be eligible for tightening measures
under the various alternatives. Under the present buy-back financing mechanism
for BPA's present program, BPA would reimburse customers at a rate of

29.2 cents per annual kWh saved. In most cases, this level of financing would
cover only a portion of the total costs of the tightening measures, and the
homeowner would have to pay the balance. For example, in those single-family
detached residences where a storm door, storm windows, weatherstripping, caulk-
ing and gaskets would all be provided under the BPA program, the BPA financing
mechanism would cover 50% of costs for single-family detached, 47% for single-
family attached, 62% for mobile homes, and 58% for apartment residences.

Table L.9 in Appendix L provides cost allocation figures for all residence
types. In terms of the amount of energy saved, the levelized cost per kWh
would be 31.2 to 41.1 mills/kWh for the region, depending on residence type.
The levelized cost to the homeowners would be 13.4 to 23.3 mills/kWh.
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Mitigations

[f BPA chooses to mitigate potential adverse indoor air quality effects of
tightening by making residences with certain characteristics ineligible for
funding, energy savings and program costs (see Table 4.27) would be diminished
somewhat. The reduced numbers of eligible residences for each Mitigation-
By-Exclusion is based on information drawn from the first and second Pacific
Northwest Residential Energy Survey; the techniques used to estimate the number
of structures in each mitigation are explained in Appendix I.

Mitigations-By-Action

A second set of mitigations is the alleviation of potential indoor air quality
problems by various actions. Those considered in this section are individual
home monitoring for HCHO and radon, and the financing of AAHXs for those
residences where levels of these pollutants, or the presence of a wood stove
(emitting BaP) would exceed BPA's indoor air Action Level criteria.

Costs for these mitigations are based on the per-unit cost for the monitors and
the number of AAHXs, estimated to be needed, using a range of possible applica-
tions. The estimated costs for the heat exchangers reflect a cumulative
mitigation strategy. Residences with excessive radon levels are treated

first. Additional costs are incurred to treat structures requiring mitigation
by heat exchangers due to excess levels of HCHO or to the presence of a wood
stove (residences that do not already have the device for radon mitigation).
(Separate estimates of the costs of these mitigations, independent of radon
mitigation, are also provided in Appendix L, Tables 12, 13, and 14.) This
technique was used to avoid the double counting of residences requiring heat
exchangers for more than one air-quality contaminant.

Air-to-air heat exchangers are estimated to be needed for radon reduction only
in those residences (within the high-radon areas) that have slab-on-grade
construction, basements, or unvented crawl spaces and/or whose source of domes-
tic water is wells. However, single-family detached residences that use well
water, but do not have the slab-on-grade construction basements, or unvented
crawl spaces, should not need AAHXs. The calculations for the numbers of AAHXs
required for radon mitigation are in Appendix K. If all residences are moni-
tored, the ceost for radon monitoring is estimated at 47.4 million dollars,
based on a cost of $35.30 per resident monitoring cost. In addition, an AAHX
would be placed in residences exc