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ABSTRACT

This report describes a study to provide and apply a methodology for
estimating some of the costs of air pollution and soiling damage to selected
materials in the California's South Coast Air Basin (SCAB). A combination of
land use and census data plus field and telephone survey techniques were used
to estimate the types and quantities of exposed materials in the SCAB. The
total exposed area of materials on structures was estimated at 5.6 x 12° sq.
ft. for the SCAB based on census data. Painted wood and painted stucco
accounted for 60 percent of the total exposed material.

Published damage functions that relate damage (e.g., corrosion or soiling)
to air quality together with geographically distributed air quality
measurements were applied to the materials inventory to develop quantitative
estimates of pollutant induced materials damage in the SCAB. The total
amounts of damage for each material for which there was a damage function were
converted to maintenance costs based upon assumptions of use and maintenance.

The monetary cost of increased maintenance from air pollution induced
effects in the SCAB was estimated to be $42 million per year. This economic
loss was dominated by soiling and erosion of latex paint. This project did
- not estimate the costs of damage to several important materials found in the
SCAB, such as glass and concrete, because air pollution damage functions do

not exist for these materials.
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SUMMARY AND CONCLUSIONS

A study of the South Coast Air Basin (SCAB) was made to estimate costs
associated with air pollution induced materials damage during the period
1978-1980. The study developed an inventory of the exposed materials and an
estimate of the additional maintenance costs of damage and soiling to selected

materials. The following conclusions are the result of the study:

1. The materials inventory assembled for the South Coast Air Basin
is based on a combination of readily available data, field
surveys and telephone surveys. This multipronged approach makes
efficient use of resources and permits reliable estimates of
materials in place to be assembled. The methodology should be
readily transferable to other locations.

2. Extrapolations of materials based on an exhaustive census of
total housing units and businesses appear to be more reliable
than estimates based on material densities (i.e., the square feet
of exposed materials per square feet of land area). This 1is
because there is greater variability in the density of buildings
from urban to rural areas, than there is in the amount of exposed
material per building. For example, both urban and rural areas
may contain refineries in regions «classified as 1industrial
land-use. The total exposed materials for two refineries of
similar capacity are likely to be similar, while the material
densities for the refineries and their surrounding areas
classified as industrial land-use will be significantly
different. Therefore, to extrapolate materials in place beyond
the immediate region of the survey, it is more reasonable to
count the total number of refineries and extrapolate, than to
extrapolate based on an estimate of the number of square feet of
exposed material per refinery type land-use area. Fortunately,
the U.S. Census Bureau and several private agencies maintain
detailed records of the number of housing units and the numbers
and types of business, farms, etc.

3. On a gross area basis, as well as for most types of materials,
the residential sector dominates the commercial/industrial and
public sectors. The notable exceptions are for masonry (brick
and stone), concrete, and metals. Approximately seventy-two
percent of the total exposed materials are in the residential
sector in the basin.

4. Paint, as painted stucco and painted wood, dominates the exposed

surface area, accounting for about sixty percent of the total
exposed materials. Latex paint accounts for most of this area.
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Damage functions are available for a limited number of materials,
and their applicability to environmental conditions in the South
Coast Air Basin has not been generally demonstrated. Common
materials for which damage functions are not available include
glass, brick, concrete and tile. The damage functions for paint
selected for this project are based upon results of chamber
studies performed at elevated concentrations. While they are
useful for estimating the portion of damage due to pollutants,
these functions cannot be used reliably to estimate total damage
in the real world. The damage function selected for galvanized
steel agreed reasonably well with the limited field measurements
collected for loss of thickness of zinc on transmission towers.

Estimates of the incurred damage costs, based on a maintenance
strategy, are presented below. The estimates have been made
based on the survey of materials in place (presented in
Section 3), materials damage functions (presented in Section 4)
relating pollutant levels to rate of damage, and the observed
pollutant levels and estimated costs of maintenance per square
foot of material exposed (presented in Section 5). These
estimated costs include the cost of the increased frequency of
painting various building structures and fencing due to pollutant
induced damage estimated from the damage function presented in
Table 4-3 and the estimated costs for cleaning cemetary markers
and statuary: other cleaning and maintenance costs have not been
included. Other aspects of economic loss, such as preventative
maintenance costs, substitution of more resistant materials,
replacement costs, and aesthetic losses are not contained 1in
these estimates. The figures are 1in 1979 dollars and are
estimates for the damage to materials in place in the basin circa
1979. Further, inadequate data exists to quantify the potential
errors associated with these estimates, and caution should be
applied in using these figures for quantitative purposes.

Incurred Pollutant

Materials Induced Damage Costs Comments
Elastomers Minimal Protected by addition of
antiozonants.
< $50,000/yr Cost of cleaning cemetery
markers and incidental
monuments.
Minimal ' Negligible wuse of tex-
tiles in permanent

outdoor exposures, and
most  textiles use-life
limited by non-pollution
wear.

Latex Paint $38.2 million/yr Residential plus

commercial/industrial,
public sectors.
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Materials

0il Paint

Vinyl Top
Coat Paint

Soiling (Statiomary,
Painted Surfaces)

Galvanized Fence
Other Galvanized

Outdoor Statutory

Incurred Pollutant
Induced Damage Costs

$2.2 million/yr

$45,000/yr

$44 million/yr

$1,169,000/yr
$240,000/yr

$27,500/yr

Comments

Residential plus
commercial/industrial
public sectors.

Commercial/industrial and
public sectors.

Not additive to paint
erosion damage as
calculated for the above
three items.

Total (approximate)

$42 million/yr

Excludes soiling to paint
as distinct from erosion
to paint.

There are approximately eleven million people in the South Coast

Air Basin, therefore this is about $4 per person per year.
are dominated by the
and/or soiling of surfaces.

Costs

predicted erosion damage to latex paint
The lack of preciseness in the damage

functions precludes estimates of the variability of the costs.

7. Several

assumptions

and extrapolations
estimate and have been noted throughout this report.

have entered into this
The quality

of the information required to make the estimates is summarized

below:

e the

distribution and

exposure

materials was developed

specifically for the SCAB and is representative of the basin.

e the pollutant levels and climatological data for the basin have
been subject to external quality assurance, and are of known
high quality.

e the applicability of damage functions to exposures in the basin

is uncertain.
to large differences
predicted damage

rates.

Selection of different damage functions can lead
(more than an order of magnitude) in the
Further,

no damage functions are

available for several common materials, and estimates of damage
to these materials have not been possible.

e the

critical

damage

levels are

generally poorly defined.

Surveys of actual maintenance frequencies appear to be more
reliable for estimating maintenance costs.
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¢ the costs of maintenance are available from survey data and from
commercial estimating firms. These estimates, on average, are
probably fairly reliable although costs for individual projects may

vary widely.

e finally, costs of replacement where maintenance 1is not possible,
have not been included for this estimate. All costs for this
program have been based on a maintenance strategy and estimates for

processes like textile dye fading (where maintenance cannot be done)

have not been made.

In summary, the cost estimates presented are subject to wide error bands.
Significant classes of materials have not been included in these estimates
(such as damage to concrete and soiling of windows). Therefore, it is likely
that the estimated costs represent a minimum of the increased costs of

material damage from pollutants, and that the actual costs may be

significantly higher.
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RECOMMENDATIONS

Based on the work performed for this project, the following

recommendations are presented for further studies:

1. The extrapolation of materials in place using 1land use data
produces unreliable results. Future material surveys will produce
better estimates if extrapolations are based on the absolute
number of housing units and businesses 1in various census
categories.

2. On a gross area basis, and an incurred damage cost basis, latex
paints are the most significant material to which damage 1s
incurred in the SCAB. Careful study of a variety of available
formulations of latex paint should be undertaken to refine the
potential range of costs associated with these materials in the
SCAB. Further, it is recommended that these studies be done in
the SCAB to ensure the representativeness of the results to the
basin's environment.

3. Damage estimates for glass, concrete, brick and tile were not made
because no damage functions or critical damage levels have been
established for these materials. Research to develop these
relationships should be initiated, and the results of the research
combined with the estimates for total areas of these materials
presented in this report to produce economic estimates.

4. No estimate has been made of pollutant induced damage to materials
in the indoor environment. Research should be carried out to
establish these estimates, such as:

e Indoor pollutant levels attributable to outdoor concentrations
and indoor sources.

e C(Critical damage levels associated with pollutant induced damage

for "indoor materials" (e.g., paper, electronic components,
etc.)

5. No damage estimates were made for acid deposition due to the
current lack of acid deposition damage functions. Damage
functions applicable to acid deposition phenomina should be
developed, and, if significant damage is expected, estimates of
the costs of acid deposition induced damage should be compiled.
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1.0 INTRODUCTION

Maintenance costs attributable to material damage induced by air pollution
provides an estimate of a portion of the real costs of atmospheric pollution.
Pollutants degrade the environment in several ways; however, assigning a
dollar value to the degradation is not straightforward. For example,
assigning a disbenefit value to decreased visibility involves not only
quantifying the visibility decrease, but also determining the iﬁcrement in
lost value of the visibility decrease. The value of a lost scenic vista is
highly subjective and varies widely from individual to individual. However,
assigning costs to materials damage, based upon the costs of maintenance of
the damaged material, provides a much more direct, quantifiable indication of
one aspect of the economics of air pollution.

The purpose of this project is to investigate the monetary loss due to
pollutant caused damage to man-made materials exposed outdoors in the South
Coast Air Basin (SCAB) during the period 1978-1980. SCAB includes Los
Angeles, Orange, and the adjacent, non-desert portions of San Bernadino and
Riverside Counties in California.

In order to determine the costs associated with the damage to materials

-caused by air pollution, the following information is necessary:

e the distribution and exposure of materials;
¢ the ambient pollutant levels to which the materials are exposed;

¢ the rate at which damage is incurred as a function of pollutant
levels;

o the amount of damage that triggers remedial actions (i.e., the
critical damage levels), or alternatively the frequency of
maintenance in polluted atmospheres;

® the costs of remedial or preventive actions; and

e if remedial action is not possible, an estimate of the wvalue
associated with the loss.



Specific tasks to meet the project's objectives include:
e Review the technical literature relating to pollutant induced
materials damage.

e Determine the material/pollutant combinations of significance in
the SCAB.

e Select the most appropriate set of damage functions that describe
the interactions between the materials and pollutants of concern.

e Construct a data base of land-use, demographic information,
material-in-use survey results, air gquality, and climate across
SCAB.

e 2Apply the information in the data base to produce estimates of
physical and monetary effects of local air gquality on materials
damage.

e Determine the potential error of the estimates produced in the
program.

This document provides the final report for this project and summarizes
the data bases, analytical approaches and results of the project. Previously,
an interim report (summarized in Section 4) was approved by the California Air
Resources Board (CARB) in which the damage functions to be applied and the
materials to be included for this cost assessment were selected.

This report is organized in the following way:

e Section 2 describes the information sources and data bases used to

estimate the materials distribution in the SCAB.

e Section 3 discusses the materials inventory calculations.

e Section 4 presents the damage functions used to calculate the rate
at which materials degradation occurs.

e Section 5 presents the calculated costs associated with the
incurred damage.

e Section 6 contains the report's summary and conclusions.



2.0 DATA BASE

2.1 Basic Approach

A critical element in determining the economic losses due to damage to
materials from gaseous and particulate air pollution and acidic deposition is
the estimation of the amount of material at risk. In a number of early air
pollution damage economic studies, the amount of material-in-place was
estimated by determining the amount of the material produced or sﬁipped to an
area over a period equal to the material's standard use-life. It was then
assumed that this material remained exposed in the area until the use-life was
exhausted. This approach has several weaknesses: the standard use-life of a
material varies widely with environmental and economic factors and the
information available on standard wuse-life 1is often based more on tax
considerations than actual practice. In addition, exposure factors are
difficult to estimate accurately since they are usually based on assumptions
of "common practice" which may vary widely. Further, this approach leads to
"double counting" of some materials (i.e., materials sold to producers of
other materials).

Three recent studies have used actual field measurements as the basis for
predicting material-in-place. Koontz, et al. (1981) modeled the amount of
material-in-place in Baltimore and St. Louis using materials distribution
estimates based primarily on an analysis of Sanborn maps (discussed in Section
2.2) and a limited ground truth survey. Step-wise multiple linear regression
was used to analyze the materialé data by deriving empirical relationships
between statistically significant predictors and estimates of
material-in-place.

A second approach to estimate material distributions was performed by TRC
for the Electric Power Research Institute (Stankunas, et al., 1983). The

greater metropolitan Boston area was divided into 260,236 sites on aerial



photographs. A random sample of 502 sites was selected from this population
and analyzed using high-resolution photographs and ground surveys. Survey
crews visited all nonvacant sites and identified, photographed, and measured
all the exterior structural materials present there. The results of the
survey were statistically analyzed and extrapolated to provide an estimate of
the total amount of three key materials present in the entire population of
sites and in subsets {(neighborhoods) of sites within the area. The results of
this study provided an estimate of the amount of materials-in-place in in an
urban northeastern U.S. environment. Reanalysis of the Boston set by Daum and
Lipfert (1984) suggests that the original analysis technique may have
over—-estimated the amount of material in place.

In the thi;d study, McCarthy, et al. (1984), estimated materials in place
for suburban and rural areas around Lincoln, NB; Charlotte, NC; and Tuscon,
AZ. United States Census Bureau tracts were selected in each study region to
represent a spectrum of housing ages and median income levels, and photographs
were taken of representative homes in each tract. Subsequently, the area of
exposed material for each home was determined from the photographs and linear
regression equations based on census data were developed to extrapolate the
‘measured areas for materials to all homes.

The directed sampling approach of Koontz et al. (1981) and McCarthy et al.
(1984) makes use of readily available data to direct the field sampling effort
and to extrapolate the results of the sampling program. The approach used by
Stankunas et al. (1983) 1is entireiy random and requires far more samples to
ensure that the spectrum of material types and uses has been included.

For the purposes of this study, the materials are gquantified by the

following four use categories:



1. Residential Housing (where externally exposed walls, roofs,
fences, awnings, building trim, etc. are considered):

2. Commercial and Industrial structures (where externally exposed
walls, roofs, fences, pipes, tanks, sheds, towers, etc. are
considered); and

3. Agricultural Structures (where barns, sheds, feed lots, storage
bins, etc. are considered).

4, All other structures (excluding agricultural), where light poles,
street signs, rail lines, etc. are considered.

For each of the four categories of structures a separate and different
approach was used to identify, locate, and quantify the amount of exposed
material. An overview of the three approaches is given below.

A field survey approach was used to estimate the type and amount of
material exposed on the approximately 2 million single family residences which
are iocated in over 1,800 census tracts in the South Coast Air Basin. The
1,800 census tracts in the basin were stratified by median household income
per census tract and by the predominant age of the houses in the census
tracts. The three income and the three age-of-housing groupings combined to
give nine separate categories of census tracts. All 1,800 census tracts were
sorted into the nine defined categories. Nine census tracts were selected,
one from each of the 9 categories. 'The basic assumption is that houses built
in a given period of time for a given income level are of similar size from
the street. About 10 houses are then photographed at random from each of the
nine tracts. The photographs were analyzed to determine the area of the
.exposed material on each house. Each of the exposed materials were identified
and quantified separately.

Multiple regression equations based on the average house area for each
census tract and socio—economic predictors were developed. These regfession
equations were used in conjunction with the census data for SCAB to estimate

the exposed materials on single unit residential structures in the basin.



Multiple residential units were based on the Sanborn maps used in the
commercial and industrial land use categories. The exposed area for each
multiple unit building on the 20 Sanborn maps was measured and an average
exposed area was computed. The results were extended to the 857,518 wunits in
multiple unit buildings in the basin.

The quantification of materials for commercial and industrial structures
is based on estimates of square footage of building materials obtained from
material maps developed by the Sanborn Co. and land use data developed for the
SCAB. For the purpose of the study, the commercial and industrial sector
structures were stratified into fourteen land-use categories (heavy industry.
light industry, ports, railroads, highways, retail, office buildings,
airport/military, public facilities, cultural, and four mixed categories).

A total of twenty Sanborn maps covering about 3 million square feet of
land area each were wused to characterize structures in the land-use
categories. Ten of the fourteen land-use categories were represented by one
Sanborn map each, and four of the fourteen by two maps each. The Sanborn ﬁaps
were not selected at random, but a '"directed sample' approach was used. The
census tracts were sorted to find areas with a heavy concentration of each
industrial/commercial land-use, and survey areas were selected on that basis.
The Sanborn maps for the selected geographical locations were ordered.

Estimates were derived of the "materials density', i.e., the building
materials in units of square feet of exposed material per hectare of land for
each of the land-use categories. ' These estimates were extrapolated to the air
basin as a whole using a computerized land-use data base which specified land
use in hectares for each census tract in the basin. The extrapolation 1is
based on the assumption that each land use category has a uniform distribution

of material density throughout the basin.



An alternative procedure for estimating the total exposed materials in the
commercial/industrial sector used MacRae's Industrial Directories and the U.S.
Census of Country Business patterns. The MacRae Industrial Directory was used
to estimate the square footage of building space per employee. The value was
extrapolated to exposed materials per employee and the census data was used to
estimate the exposed area of commercial and industrial building for the SCAB.
The distribution of material was based on the same proportions as fhe land use
approach. The e#posed area using this approach was about 50 percent less than
the land use approach.

Agricultural buildings in the eastern portion of the SCAB were sampled
using field survey photographs to identify the types of construction materials
in place, and aerial photographs with additional information obtained from
agricultural representatives in the region to determine the average number of
agricultural buildings per unit land area of agricultural land use. Materials
used in the o0il industry for the extraction of crude oil were based on the
number of o0il wells in the SCAB and an estimate of ‘the exposed area of
equipment per well,

The distribution of materials such as signs, light poles, municipal
storage tanks, bridges, guardrails, railway tracks, etc., were estimated via a
telephone survey of the agencies responsible for their maintenance. Large
municipalities and area-wide agencies such as CALTRANS were contacted to

determine the amounts and types of materials that they maintain.

2.2 Data Sources

The data sources that describe the land uses and types and number of

structures in the SCAB were reviewed and assembled into the project's data

base. These include:

¢ The South Coast Air Basin Geocoded Land Use Inventory, 1975
(Loscutoff, et al., 1979) ‘



e Census of Population and Housing, 1980 (Bureau of the Census, 1982)
e Sanborn Map Company, Black and White Sanborn Mapping Series

e MacRae's Industrial Directory, California

e Census of County Business Patterns

e USGS 7-1/2 minute topographic map series and aerial photographs.

The SCAB Geocoded Land Use Inventory provides a land—use summary on a one
kilometer by one kilometer square grid for 11,413 grid cells making up the air
basin. Table 2-1 presents the land-use classes available on this data set.
The classification system contains sufficient detail for distinguishing
different types of anthropogenic land use. The data are presented as the
percentage of each type of land use in each grid square. The United States
Geological Survey (USGS) alsoc has land use data available; however, the USGS
classifications are rather broad, and do not distinguish urban and suburban
land wuse classifications as completely as the SCAB Geocoded Land Use
Inventory. A summary of land uses in the SCAB by percent and area in square
kilometers is presented in Table 2-2. On a land-area basis, land-use in the
basin is dominated by open space uses {agriculture, non-forest undeveloped,
forest, non-forest developed, mixed open space, and water) followed by
residential; commercial and services; industrial, and finally transportation
uses. For this project, the "Military/Airport” and "Airports and Heliports"
land uses have been combined and treated as one.

The Census of Population and Housing compiled by the United States Census
Bureau each ten years contains detailed demographic data, on a census tract by
census tract basis. Census tract boundaries are established by the local
Census Statistical Area Committees and the Census Bureau. The tracts "are
designed to be relatively homogeneous areas with respect to population
characteristics, economic status, and living conditions. The tracks generally

have between 2,500 and 8,000 residents" (Bureau of the Census, 1980). For the



TABLE 2-1

INVENTORY LAND USE CLASSIFICATION SYSTEM (Loscutoff, et al., 1979)

CATEGORY

DESCRIPTION

Low Density Residential
Medium Density Residential

High Density Residential

Retail Operations

Office Buildings

Public Facilities

Cultural, Entertainment
and Recreation

Light Industry

Heavy Industry

Extractive Industry

Highways
Railroads

Ports

0.2 to 19 dwelling units per hectare
20 to 99 dwelling units per hectare
100 or more dwelling units per hectare

Also included wunder residential land wuses are:
mobile home and trailer parks; dormitories; retire-
ment homes; orphanages

Strip commercial; shopping centers (regional, com-
munity, neighborhood); showrooms (associated with
mail order houses and direct selling organizations):;
grocery and retail stores; service stations; food
services; repair services; hotels and motels

Office building services include: finance, in-
surance, and real estate services; personal ser-
vices; business services (excluding warehouse and
storage services); professional services; trans-
portation terminals

Schools:; hospitals:; correctional facilities;
churches; governmental services (police, fire, pos-
tal); colleges and universities

Cultural activities (e.g., nature exhibits, art gal-
largest, museums); stadiums; auditoriums

Warehouses'; wholesale - centers and services;
communications; printing and publishing; trucking
companies; utilities?; manufacturing (e.g., tex-
tiles, apparel)?®

Utilities; trucking companies; manufacturing (e.qg.,
canneries, chemical manufacturers, petroleum re-

fineries)

All industries involving the extraction of natural
resources; dumps and sanitary landfills

Freeways:; interchanges
Railroad tracks, switching and marshaling yards

Piers and berths associated with commercial shipping
an ocean traffic; marinas




TABLE 2-1
{Continued)

INVENTORY LAND USE CLASSIFICATION SYSTEM

CATEGORY

DESCRIPTION

Airports & Heliports

Vehicle Parking

Non-Forest Developed

Non-Forest Undeveloped

Forest

Agricultural

Water

Facilities associated with the take—off and landing
of aircraft; undeveloped 1land between runways is
included

Parking and storage lots

All lands having a dominant vegetation pattern of
grass, brush or landscaping, and which contain a
formally developed open space 1land use-—including
the minimum associated structural development (e.g.,
cemetaries, government sponsored parks and beaches,
private campgrounds, golf courses)

All lands having a dominant vegetation pattern of
grass, brush or landscaping, and which do not con-
tain a formally developed 1land wuse (e.g., some
beaches, non-forested wetlands, rock, dry salt
flats, tundra, vacant urban lots)

All lands where tree cover is the dominant vegetation

All lands used primarily for the production of food
and fiber (includes range)

Reservoirs, natural channels, ocean bodies, and lakes

Mixed Residential

Mixed Transportation

Mixed Commercial & Services
Mixed Industrial
Military/Airport

Mixed Open Space

These categories are used in the case of an
undetermined land use or combination of land uses.
"Military/Airport" services in cases where the
distinct land uses within an airport or military
facility are not indicated on the source maps.

Warehouses associated with direct selling organizations are classified as

Light Industry. Public contact areas {(showrooms) are identified under Retail

Operations.

Utilities 1include gas,

electric, and water systems. Water systems include

all pipelines, pumping stations, canals, reclamation centers and diversion
structures associated with water delivery and hydroelectric power generation
(all other water bodies are classified as open space). The classification of
utilities as either light or heavy is dependent upon associated emissions.

Overlaps within the

industry categories (e.g., trucking companies,

manufacturing) are classified according to the associated emissions.

-10-



TABLE 2-2

LAND USE CATEGORY PERCENTAGES AND AREAS
SCAB 1975

Percentage of

Category Total Study Area Area (Km?)
Agriculture 23.885 2717
Non-Forest Undeveloped 19.221 2194
Low Density Residential 18.469 2108
Forest 15.583 1778
Mixed Open Space 4,255 486
Mixed Industrial 3.398 388
Mixed Residential 2.941 336
Non-Forest Developed 2.134 244
Public Facilities _ 1.934 221
Water . 1.690 193
Retail Operations 1.314 150
Military/Airport 1.141 130
Highways 1.109 127
Extractive Industry 1.012 115
Mixed Commercial and Services - 0.919 105
Medium Density Residential 0.303 35
Cultural, Entertainment, and Recreation 0.303 35
Railroads 0.197 22
Mixed Transportation 0.087 10
Heavy Industry 0.053 6
Office Buildings 0.044 5
Vehicle Parking 0.038 4
Light Industry 0.032 4
Ports 0.017 2
High Density Residential 0.003 0.
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1980 Census there were 1842 census tracts in the basin, and a wide variety of
information was available describing each tract. TRC obtained data for the
tracts that either directly describes the housing in each tract (e.g., mean
number of rooms per unit) or that may indirectly relate to the housing stock
(e.g., median 1income). The census tracts served as the basic geographical
divisions for this project and each of the land use grid cells was assigned to
a census tract based on geographical superposition of the traéts and the
cells. 1If a cell fell in two or more tracts, it was assigned to the tract
containing the largest amount of the cell's area.

A data base of land use, pollutant levels (described in Section 5), and
Census Bureau housing information was assembled on a tract by tract basis.
Table 2-3 presents a list of the variables in this data base. The variable
definitions are largely self-explanatory, however, precise definitions of

each census variable are available in the Census of Population and Housing

1980: Summary Tape File 3, Technical Documentation. In addition to the data

obtained from the Census Bureau, the data archive contains the area of each
tract, the land use associated with each tract, and the average pollutant
concentrations (1978-1981) for each tract. Land uses and the area of each
tract were assembled from the Geocoded Land Use Inventory and from a Census
Bureau tape containing the geographical coordinates of each tract. The

pollutant concentrations were based upon the California Air Quality Data

Summaries 1978-1981 (CARB). Average concentrations for 26 stations that
reported for at least two of the four years in the SCAB were calculated and

pollutant levels were linearly interpolated to each census tract.

* Sanborn Map Co. Inc., 829 Fifth Avenue. Pelham, NY
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TABLE 2-3

VARIABLES CONTAINED ON THE PROJECT'S DATA ARCHIVE

Category Variable

Header County
Census Tract
sz

Land Use in Hectares Agriculture

Pollutant Concentration

Non-Forest Undeveloped
Low Density - Residential
Forest

Mixed Open Space

Mixed Industrial

Mixed Residential
Non-Forest Developed
Public Facilities

Water

Retail Operations
Military/Airport

Highway

Extractive Industrial
Mixed Commercial and Services
Medium Density Residential
Cultural, Entertainment, Recreational
Railroad

Mixed Transportation
Heavy Industry

Office Buildings

Vehicle Parking

Light Industry

Port

High Density Residential
Airport

NO, (Nitrogen Dioxide) ppm

NO; (Nitrate) pg/m?

O3 (Ozone) ppm

S0, (Sulfur Dioxide) ppm

SOs (Sulfate) ug/m’

TSP (Total Suspended Particulate)
pg/m’
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TABLE 2-3
{Continued)

VARIABLES CONTAINED ON THE PROJECT'S DATA ARCHIVE

Category

Variable

Rooms/Unit, and Unit/Address

Mean Housing Value and Rent

Population, Housing, Families,
Households

Farm Residence

Total Units

One Unit/Address

2-9 Units/Address

>10 Units/Address

Mobile Homes

Mean Rooms/Unit

Owner Occupied Mean Rooms/Unit
Vacant Mean Rooms

Renter Occupied Mean Rooms/Unit
Vacant for Rent Mean Rooms
Vacant Other

Value of Total Houses

Value Occupied Houses

Value of Houses for Sale
Value of Total Condominium
Value of Occupied Condominium
Value of Condominium for Sale
Rent

Occupied Rent

Vacant for Rent

Total Population
Urbanized Population
Rural Population
Urban Population

Total Housing
Urbanized Area Housing
Rural Housing

Urban Housing

Families

Households

Total Population

1980 definition:
urban
rural farm
rural non-farm

1970 definition:
urban
rural farm
rural non-farm
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TABLE 2-3
{Continued)

VARIABLES CONTAINED ON THE PROJECT'S DATA ARCHIVE

Category Variable

Household Income Median Income
Mean Income
Total Earnings
Wage/Salary
Non-Farm Self-Employed
Farm Self-Employed
Interest/Dividends
Social Security
Public Assistance
Other Income

‘Occupancy Total Units
Vacant Units
Total Occupied
Owner Occupied
Renter Occupied
Rent 1 Unit, Detached
Rent 1 Unit, Attached
Rent, 2 Units
Rent, 3,4 Units
Rent, >5 Units
Rent, Mobile Home

-

Stories and Elevator Total Units
1-3 Stories
4-6 Stories
7-12 Stories
213 Stories
With Elevator
Without Elevator

Housing Year Total Units
Vacant
Occupied
Built 1979-80
Built 1975-78
Built 1970-74
Built 1960-69
Built 1950-59
Built 1940-49
Built Before 1939

-15-




TABLE 2-3
(Continued)

VARIABLES CONTAINED ON THE PROJECT'S DATA ARCHIVE

Category Variable

Bedrooms Total Units
No Bedrooms
1 Bedroom

2 Bedrooms
3 Bedrooms
4 Bedrooms
>5 Bedrooms

Air Conditioning Total Units
None
Central
One Room
Two or More Rooms
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Two data sources are readily available that contain building information
for the commercial/industrial sector. The Sanborn Map Company* provides the
detailed maps of the building types for use by planning commissions, the
insurance industry, etc. Figure 2-1 presents a portion of a Sanborn Map for
the port area in Long Beach, and Figure 2-2 is the map legend. The Sanborn
Maps provide exhaustive data on the size (wall lengths and heights) and
exterior materials for all "fireproof" buildings. Thus, exterior materials on
buildings with public access or subject to commercial-type fire codes (1i.e.,
commercial, industrial, wutility, public service, etc.) are available from
these maps. Unfortunatelf, frame-type buildings of non-fire resistant
construction (i.e., typical, detached residential) are not sufficiently
detailed on these maps to permit the classification of materials for the
residential sector.

MacRae's Industrial Directory (MacRae Blue Book Company, Inc., 1983)

provides a compilation by city and county of industrial and commercial firms.
Among the data presented are building size (square foot of floor space),
number of employees, and Standard Industrial Classification (SIC) codes for
broad selection of companies. The U.S. Census County Business Patterns,
published every three years provides the number of companies by numbers of
employees for individual SIC codes on a county by county basis.

The USGS 7-1/2 minute topographic map series and the corresponding aerial
photographs provide a convenient data source for determining the number of
buildings in agricultural areas. .Three quadrangle maps and associated aerial
photos were acquired and analyzed to determine the building number density in
the agricultural land use areas.

The land use inventory, census data, Sanborn Maps, MacRae's Industrial

Directory and rural area topographic and aerial photos provide a strong data

basis for understanding the distribution of residential construction, and

-17-
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A,

SANBORN MAP LEGEND

CODING OF NON-RESIDENTIAL FIRE-RESISTIVE STRUCTURAL UNITS FOR FIREPROOF AND NON-COMBUSTIBLE SUILDINGS

FRAMING
CODE STRUCTURAL UNIT CODE
Reinforced Concrete 1.
Trame,

Rewforced Concrete Jousta,
Columas, Besms. Trusses,
Arches, Masonry Plars.

Protected Steel Frame.

kN
Individuaily Protected
Steel Joists, Columns,
ms. Trusses. Arcnes.
Indirectly Protected Stesl
Frame.
3.

Indirectly Protected St
Jolsts, Columns, Beam,

Unprotected Steel Frame.

Unorotected Steel Jolat:
Columas, Besms, Trus:
Arcne

Masonry Bearing Walla only.

FLOORS
STRUCTURAL UNIT

ROOF
CODE STRUCTURAL UNIT

Ruinforced Concrete. a.  Rewnforcea Concrete.
Reinforced Concrete with Remforcau Concrete with
Masoary Units. onry Units,

Pre-cast Concrete or

Gypaum Slabs or Planus. Pre-cast Concrete or

Concrete on Metal Latn, b.
Incomobuatible Form
Boards. Paper-packed
Wite Fabric, Steel Deck.
or Cellular, Ribbed or
Corrugated Steel Unita.

Concrete or Gypaum on
Metal Lath,

or Ceilular. Ribbea or
Corrugated Steei Units.
Opea Steel Deck or Grating, ¢.  Incombustible Compost
Buru. with or withow
ulation,

d.  Steel Deck, Corrugated
Metal or Asbestos
Protected Metsl wun or
withowt [nsuiation,

Remtarcm: Gypsum Concrete.
Gypsum 3lans or Planxs.
Incomoustible

Forem Boaras, Paper-backed
Wire Fabrie, Steel Deck.

tom

Mn.an.ry or Metal Tiles.

The coging to left, for framuag, rLoor nad roof nmﬂuru cm.- »
the

used in € In
aadition, reports for ‘L--ruuuw buldln(l will show tnt date
built, wail construction cener tham brick, and ceilings.
F P~ ez A fireproot bullding built ia 1%2 with con-
(cowc) alls and reinforced concrete (rama,
A-1-a floors 20a roots
FPX -0/ | A fireoroof buildiag bult in 1962 with metal
(rat7as Atmars) | Panes wails, reinforced concrete columns and
3-2- beams, concrete (loors oa metal lath and
2 omen) OPsum siab roof: non-combustible ceilings.
- A noacomoustible bunlding built in 1962 with
Nfc ‘/')9‘2 concrete dlock walls; unprotected steel col-
" umas, beamas ana )oists: concrete (loors on
M= 2=d | meul an aoa steel deck roof.

m 8" Brick

ILE])
natt

{c.al

Important Interior and al

buildings are shown with weighted (w—=e) lines.

WALLS
—

=

12" Conerete

" & 20" Stone

12" & 8" Hollow Tlle
Wsll Thicknesses Placed
Relative 1o Respective
Floors

Cladar, Cancrete or
Cament Brick

crete Blocks, P(hl-
tered

Cemeat Brick End Wall

Concrete Blocks &

Masonry Walls, Metal
Faced

Adobe eres

Hollow Cinder ar Con-
crate Block Interior
Wall Basement to Roof

Hollow Clnder or Cone ;'

MASONRY CONSTRUCTION
| exxerior y waila of all soary walls of residential buildings are srown with & standard line and
the construction is noted oa all buildings diagrames after July, 1963.
PARTITIONS OPENINGS
{Interior) (Exterior)

—— —
Mixed Construction of e Wall with No Oveaings 1st Floor
Concrete Blocks. Brick
Fecod e Frame LTd Wail with Double Stanaard Fire ‘

~" Doara 1at Floor tst & 2nd Floors

n

Mixed Construction of  [fievad Tile from Foundation to |7 Wall with Standard Fire Door

Top Ceiling only
E2¥/q Concrete 13t Floor only

Hollow Cinder or Con-

LS4 @7 crete Block Lst Floor

4% 2°2) Brick 2nd Floor only

terior Wall
ement to Roof Inueud] Tie 10t & 3rd Floors

only

Basement 3rd Floor

£5—d Wall with Substandard Fire
Doors 1st & Jra Floors

|/ ] Wall with Metai & Wired Glass
44 1 Fire Doors all Floors

I
bl

1st & &h Fl, with
Maetal Shutter tst,

Wall with Substandara Fire 10th & 22nd caly

Doors {st, 2ad & ird Floors
& Unprotected Cpening 4th
Floor

5

L1

= 10th 10 22nd FL.

Wall with Smail Unprotected

Opentngs only Glass Block

Wall with Unprotecied Cpea- Wired Glass 1n Metal

[y

ings all Floora Sasa 2nd & 3rd Fl.

Wood & Stucco & Cemaent
Plaster, Etc, on Wood
Fra

(venDd)|

Brick Venesred on Wood
Frame (Other Typ: {
Veneered on Wood Frame
Specifically Noted)

(/. L)

Iron Bullding

Mixred Masonry & Non-
onry (Type of Masonry
Specufically Noted)

Wood, Brick Lined, Br,
Filled or Brick Nogged

Wood Sash & Glasa

Metal Clad on Wood
Frame

NON-MASONRY

CONSTRUCTION

Non-masonry walls are shown with flne {

) ltnes.

(Wall construction other than wood and stucce on wood framae s noted)

irom Building with Wood
Roof, (Lacation of Exten~
sive Wooa Areas Specif-
ically noteal

Metal Sash & Glass

o] Asbestos Clad on Wood
o Frame, Noted in None

Mixed Wall--9' of CB
With Metal Sasn Above

Metal Paneis

Resdential Structures only.

——
) | Apron Walls With Wood Asphalt and/or Asbesto
cas Asm}] Asphalt and/or Asbestos
( Saah and Giaes A Protected Metal on Steal
— e Frame
,“i" Stueco, Clmlnl Plaster,
Q‘é‘} Ete. o e} Frame
(4.A2)] Asphalt and/or Asbestos
Protected Metal on Wood
Wooo/M Frame
5
S
. Gunite on Steel Frame
g
= Glase Panels

GLOSSARY

NES Au arourary bouscary be-
n-nn ad)oining sheets.

Equipped with fire aetecting de-

Vices whicn automatically signa acen-
tral fire aeoartment,

Al Air Sochagaystem empioying
qucta tnrougn (loor:

AERQN WALL A masonry wall extenaing
OF lesa anave {oundation.

ASSOGC, RISK Risk not unoerwrirten by
Jock Tire (ns. Companies.

A story naving its floor beicw
;rnum & uts ceiling at least 4' avove

oo Coumy, 11L: A floor ofa building
next below the first floor. Showa oy the
symbol B following story heght. Sub~
basements or sweceilacs. (si0ries be-
low the 18t basement). are snown oy the
symboi SB following casement symool,
{Applicanie 10 maos in Rocxy
Mountain & Paculic Coast States):
BS, Brick. stone, concrets brick &
concrete chimneys.
Concrete block crumney.
Non-standard concrete chimaey.
Tile chimney,
Patent chimney.
| iron crimneys.
Stove pipe.
S.P.Y, Stove pipewith patent ventilator,

RE: TIA UPANCY SYMBOL

S\ngie famuly uail OF A8 quaidied by
2 Bumeral.

- A muiti-famuly resdantal
bunlding corresponaing with locai Rat-
ing Buresu defumtion in family unite
per floor, story newght, & separation
of emtrance.

A

1dential butlding normaily
n-:cuoncbynnl(u famuly but with 10
or rooms remea (or lodging
9urmn.

< NS; § rooms in Arizoaa.

rooms in Idahe & Hawaii.

EIRE RESIST]Y NSTRU! N
MAC

Approved ma walls, floors &
Toof, interior supports of approved
masonry, concrete, ana/oe protectsd
teci.

F. P, qualifications except in-
fecior or sub-mandard walls,

Fire resisuve with unprotected
atructursl stesl vuts.
K. bonded masonry wall
NAVING 3 cOMLIAuous AL space within,
2, Indepenaent Electiric Plaot
Nottraversaole due 10 coa-
aition of terrain.
w. A masonry besring -.u
wiln extel ledgen to support (loor:
@H Tmm-d:ymmmluemmuh
P Concretc or plastcr appiled to
th on wood atuddings,
Matal sasn & glass,
Streets appesring om recorda
DUl NGt open on

gro

Wisdows WDPAMUI' the roof above

ihe corresponding {loor of an adjoining
o huiding.

Open between ground and first floor.

ST'D, Masonry rewnforeing columna

0 war
Skylignts
Sla

“qemal
MS &

hed to wood siding.

), Sm House,
Shownoy crossing disgoasi lines
an aagram.

3USP'D. Suspended ceilings below foor
at or roof beams.

T
Wood.

wD.

e .
eeLlE OBt APTLM ALY T CAAmiNs ScasnuEn avvae st

e =
==

]
£

B oo

8 ©i®db

€) &@E

Fire Department Connection

Automatic Sprinkle:
contiguous sectios

throughouwt
of single rusk

3

Automatic Sprinklers sll floors of
butlding

Automatic Sprinklers in part of
butlding only (Note under Symbol
indicates protected port

building)

Not Sprinklered

<

Automatic Chemical Sprinklers

Chemical Sprinklers in pert of
building only (Note under Symbol
protected porticn of

L
building)

<
%
x
X
=]

Vertical Pipe or Stand Pipe
Automatic Fire Alarm
Water Tank

Outside Vertical Pipe on fire
escape

Fire Alarm
Noted "HPFS" m High Presaure
Fire Service

FIRE PROTECTION

[ ] Single Hydrant
oM ® Double Hyarant
TH @ Tripie Hydrsnt
QH. @ Quadruple Hyur-m of the High
nars Pressure Servi
WA rumes; Water Pipes of the High Pressure
T ancy Yaner
%12 _ & Water Pipes of the High Pressure
P Service as Shown on Key Map
L4

:'m_‘:} Public Water Service

JHE2EUvL  Private Water Service

VERTICAL OPENINGS

Skylight lignting top story only

Skylight Ughttng J stories

Skylight with Wired Glass in
Sash

Open Elevator

Frame Enclosed Elevator

Frame Enclosed Elevator with Traps

H
1

Frame Enclosed Elevator with Self
Closing Traps

2 Stories & Basement
1st Floor Occupied by Store
2

2-D. esidential Units above ist
=2 Conereate Blocx Enclosed Elevator Awa Auta in Basement
with Tr
[ Tile Enclosed Elevator with Seif O
Closing Traps ATCn. Iron Chimney {3 Brick Chimney
Brick Enclosed Elevator with Wired QO 1ron Chimney
B Giass Door min.54  (with Spare Avrestor) @7O Gasoline Tank
a3 Open Holst Qura Vertical Steam Boiler @ Fire Pump
e
o | ]
jodal Holat with Traps - Horlontal Steam Boller
Al Width of Street between Block
4
hlb‘/ Open Hoist Basement 10 15t . @, Lines, not Curb Lin
Steirs animr Ground Elavation
&
MISCELLANEOUS h House numbers nearest to Buildings

' Parapet 24" above Roof
Occupied by Warehouse
W. HO. Metal. Slate. Tile or Asbestos -+
t.  Shingie Roof Cavering
e N Parapet 48" sbove Roof

Number of Stories
Height in Feet
Composition Roof Covering

ings.

q Parapet §" above Rool
Frame Cornice
Parapet 12" shove Rool

are Cificial or Actually up on Bulld-
Old House Numbers are
Fartheat from Buildings

Block

Reference to Adjoining Page 5 Number

Fire Department as shown on Key Map

K/R9

Figure

This map is the property of Sanborn Map Company, Inc. and is loaned to the subscriber subject to the provisions of the subscription agreement. In
accordance with this agreement this map may not be used by other than the subscriber, except with the written permission of Sanborn Map Company, Inc.

2-2.

Map legend for the Sanborn Maps,
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further provide detailed information on the actual materials in place for
fire-resistant commercial/industrial construction and an estimate of the
density of agricultural buildings. Unfortunately, the available data are not
complete (e.g., percentage of windows on industrial buildings), and it is
still necessary to conduct field surveys, as described in the next section, to

quantify the residential construction materials and the percentage of glass on

industrial buildings.

2.3 Field Surveys

A limited field survey was performed to supplement the available data
assembled from external sources as listed in Section 2.2. The objectives of
the field survey were to:

e Quantify the distribution of exposed materials in representative

residential census tracts.

e Identify the type of materials exposed on agricultural properties.

e Field verify selected Sanborn Maps.

o Measure the thickness 1loss of galvanized surfaces with known

exposure histories.
The selection of census tracts to be sampled was based upon a review of the
census data. All of the tracts in the SCAB were sorted by age of the housing
stock and median income levels. This was done to ensure that the épectrum of
residential housing stock ages and income levels was surveyed.

Survey tracts were selected to represent three income strata and three

housing stock ages:

Median Household Income Construction Date of Housing Stock

e less than $15,000 per year
e $15,000 - $35,000 per year
e Over $35,000 per year

®

Before 1950
1950 - 1969
After 1969

[ N ]
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An initial sort of all census tracts was made to identify those tracts
dominated by housing stock in each age category. The resulting list was then
reviewed to select one tract in each housing age group with a median income in
the desired range. Thus, a total of nine tracts were selected for the field

survey with the characteristics given in Table 2-4:

TABLE 2-4

HOUSING STOCK AGE AND MEDIAN INCOME LEVELS
IN THE SURVEYED RESIDENTIAL TRACTS

Median
County Tract Number Housing Stock Household Income

Los Angeles 6016 82% after 1969 $13,889
Orange 1100.11 98% after 1969 $32,744
Orange 992.23 100% after 1969 $40,896
Los Angeles 4070 100% 1950-1969 $14,205
Orange 876.02 100% 1950-1969 $23,000
Orange 758.06 100% 1950-1969 $57.712
Los Angeles 2345 76% before 1950 $13,320
Los Angeles 2143 94% before 1950 $22,870
Los Angeles 2116 84% before 1950 $43,878

Figure 2-3 shows the approximate locations of the sampled tracts.

Each of the survey. tracts was visited and ten houses were selected on each
tract. The chosen homes were selected to be typical (in terms of size and
materials) of the housing stock on the tracts. Distinctly atypical houses
(i.e. houses of unusual size or clearly constructed during a different time
from the dominant housing age on the tract) were not included. The housing
stock within each tract was found to be quite uniform, and atypical homes were
a rare occurrence. Each chosen home was photographed and a survey form was
completed (see Figure 2-4). The photographs were taken with a 35 mm camera
with a recording data back that uniquely identified each picture by imprinting
a date/time group on each photograph. An optical range finder was used to

record the distance from the camera to the home to assist in subsequent data
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Figure 2-4. Typical completed materials survey form.
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reduction. The construction materials of all permanent structures on the
property (house, garage, sheds, fences, patios, etc.) were noted on the survey
form, élong with the date/time 1identifier group for the photograph.
Binoculars were wused, if necessary, to assist in distinguishing each
material. The photographs were subsequently analyzed to determine the area of
exposed materials, and the data on the survey form identified the types of
materials.

The land use data base was querried to identify areas dominated by farms,
and the areas sampled by this project are shown in Figure 2-3. The types of
materials exposed on all permanent buildings and fixtures on the agricultural
properties were noted and photographs were taken. Eleven agricultural
properties were sampled in the materials survey and these included nurseries,
orchards, vegetable and feed lot operations for both commercial and smaller
private farms.

Seven of the Sanborn maps were field verified by selecting a major
intersection on each map, and cross-checking the actual materials in place
versus the indicated materials. Photos were taken of each of the corner
buildings (generally four per map) and a material survey form was completed.

A spot—check of three businesses listed in the MacRae's Industrial Directory

was also performed, and the materials on each building were noted.

The final objective of the field survey was to measure the thickness of
galvanized coatings with quantifiable exposure histories. This information
was intended to be used as a field wverification of the calculated damage
rates. Transmission towers for high tension electric lines provide a good
medium for measuring damage. They are usually exposed unprotected (without
paint), the length of the exposure period can be readily determined, and the
original coating thickness has been specified by the American Society of

Testing and Materials Guideline Al23 Section 6 as at least 3.4 mils (2 ounces
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of zinc per square foot). Two sets of transmission towers were sampled for
the survey: those from the Haynes Generating Station in Long Beach and those
from the Harbor Generating Station in Wilmington. The towers were installed
in 1965 and 1943, respectively. The thickness of the galvanized coating was
measured on the upright tower legs four feet above ground 1level using an
Elcometer film thickness gauge. Four thickness readings (one for each tower
leg in each direction) were recorded. A comparison of the measured zinc loss

to the zinc loss predicted by damage function is given in Section 4.2.2.

2.4 Telephone Survey

TRC conducted a telephone survey (see Appendix A) of materials suppliers
and maintenance organizations to obtain information on non-uniformly
distributed materials (e.g., the number of miles of railroad track) and to
determine common maintenance practices in the SCAB. Municipal authorities
were contacted in Los Angeles, Riverside, Pasadena and Long Beach to determine
the amount and type of material exposed as guardrails; fence; streetsigns;
streetlights; and parking meters, and their routine maintenance practices.
Electric utility companies were called to gather information on the
transmission towers and lines, substations, storage tanks, fences, etc. Water
companies provided data on tanks and maintenance practices. Cemetary
associations provided data on the distribution and material of monuments,
mausoleums and fencing. Paint wholesalers and painting contractors provided
data on the percentage of paint t&pes sold for exterior use, and the typical
residential repaint frequency. Tire distributors provided data on the types
of tires sold in the SCAB, and their average lifespan. Fencing and siding
contractors and suppliers provided some additional data on these materials for

residential use.
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Besides the general classes of groups contacted in each of the four
cities, three other area-wide, significant users of materials were contacted.
District 7 of CALTRANS, the California state agency charged with maintenance
of transportation systems, provided data on the distribution of materials
along state maintained highways. The Southern Pacific Railway Company
provided data on their buildings and 3,544 miles of ‘roadbed in the basin
area. Refiners including Atlantic Richfield Co., Edgington 0il and Shell 0il
Co. provided information on their maintenance practices and exposed materials

for their facilities in the SCAB.
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3.0 MATERIAL INVENTORY

3.1 Single-Family Residential

The materials in place in the single-family residential sector were
estimated using a regression procedure based upon data from the field survey,
discussed in Section 2.3, and the census data. The following sections
describe the data reduction procedures, the results of the field survey, and

the regression analyses used to extrapolate the data.

3.1.1 Photo Analysis

Photography provides a convenient method for the rapid collection of
quantitative field data. Photographs and subsequent photogrammetric analysis
permit the field survey of exposed materials to be done efficiently, thus
maximizing the number of properties that can be surveyed. Further, because
photographs can be taken from the street, this method eliminates the very
time—-consuming process of obtaining homeowner permission to measure each house
surveyed. Photographic slides were taken during the field survey of each of
the selected houses and the materials on each house were identified. For each
of the nine census tracts, ten house fronts and the sides of two to four
- houses were examined in detail to determine exposed area and materials.

A program written by TRC for the Apple II computes the area of any
vertical surface shown on a photo, regardless of the angle of the surface in
relationship to the camera. Photos of each house were displayed on a screen
gridded with an X and Y coordinate.system. The X and Y corner coordinates for
the parts of the house, such as walls, windows, and doors, were entered into a
computer program and the area was computed. The distance from the camera to
the house is either entered by the computer opérator (based upon measurements
using an optical range finder) or the distance can be computed based upon the

standard height of a door. Comparison of the two methods showed that the
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optical range finder introduced errors when the distance was greater than 60
to 70 feet. The measurements based on the height of the door were used for
the photo data reduction in this project.

For each tract, typical house sizes and materials distributions were
developed based on the average size and the materials of all the surveyed
houses in the tract. The assumption of symetery was used to estimate the size
and distribution of the materials on the sides of the houses not
photographed. Using this assumption probably increases the estimated amount
of brick and stone, and decreases the estimates of the more common wall
surfaces, such as painted stucco and painted wood. This bias results from the
use of brick or stone facades on the fronts of some homes. The data for the
mean area of houses and the materials are summarized for each of the census
tracts in Table 3-1.

Painted stucco was the most common wall material, and in fact was dominant
in eight of the nine tracts, with painted wood the second most common exposed
material. Glass accounted for 10 to 15 percent of the total area of the
walls. Most of the trim, shutters and doors were painted wood. The gutters
were primarily coated metal, probably aluminum, and the steps and foundations

.were concrete. In several of the tracts, foundations were not distinct from

the stucco walls, i.e., houses were stucco to the ground and thus no
foundation materials were listed. Other common items included wood lattices,
and coated aluminum awnings.

The average vertical areas, 'including windows and doors, are shown in
Table 3-2 and range from 1,153 ft® in tract 6016 to 4,633 ft? in tract
2116. The largest houses of the survey were located in the high income
regions with houses built before 1950 in Beverly Hills. The smallest houses

were in the low income tracts and were built between 1950 - 1969. The middle
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TABLE 3-2

MEAN FRONT, SIDE AND TOTAL ESTIMATED AREA (SQUARE FEET)
OF DETACHED RESIDENTIAL HOUSING

FRONT AREA
Housing Age Household Median Income
>$35,000 $15,000-$35,000 <$15,000
Pre 1950 1033 432 388
1950-1969 356 490 378
Post 1969 378 525 302
SIDE AREA
Pre 1950 1283 501 372
1950-1969 : 402 347 213
Post 1969 334 665 343
TOTAL AREA
Pre 1950 4633 1866 1520
1950-1969 1516 1676 1183
Post 1969 1424 2382 1290

-31-



income houses in the area built since 1950 were larger than the high income
houses built during the same period.

Table 3-3 shows the percentage of the material distribution of the front
wall as a function of tract characteristics. Brick is the most common in old,
high income homes and in the middle income medium age homes. Stucco is used
less in the high income homes than in the lower income homes. Painted wood 1is
more predominate in the upper income homes. Based on the overall census data

for the basin thirty percent of the units were built before 1950 and twenty

percent after 1970.

3.1.2 Regression Analysis

The data for materials and exposed area of each of the surveyed houses
were combined with the census data to form a data base for the nine survey
tracts. A step-wise regression procedure was wused to quantify the
relationship between census data and the amount of each type of exposed

material. The regression procedure develops an equation of the form:

k
S = ao + Y a, P, (3-1)
i=1
where: S = the amount of exposed material
a; = coefficients developed by the regression procedure
a. = constant developed by the regression procedure
P; = Census data predictors

In determining the regression coefficients, all combinations of available
predictors must be searched and the most significant predictor selected. A
forward step-wise regression technique was utilized. At each step in the

analysis, a new predictor was added to the regression equation, or an existing
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AVERAGE PERCENTAGE OF WALL MATERIAL
WHEN COMPARED WITH TOTAL FRONT AREA

TABLE 3-3

Median Tract Income

>$35,000 $15,000-35,000 <$15,000
Stucco
Pre-1950 45 67 50
1950-1969 24 47 52
Post-1969 33 46 47
Brick
Pre-1950 22 3 0
1950-1969 7 21 4
-Post—-1969 6 6 3
Painted Wood
Pre-1950 8 2 18
1950-1969 35 11 22
Post-1969 22 23 13
Glass
Pre-1950 16 17 19
1950-1969 19 12 12
Post-1969 15 14 16
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predictor was deleted. The predictor selection criterion 1is Dbased on
predefined statistical measures using the F walue (the ratio of the variance
explained to unexplained variance).

There are several methods for assessing the accuracy of the regression
model. The first test is the F value when the predictor is selected. The
second 1s the coefficient of multiple determination, the square of the
multiple correlation coefficient (R), which indicates the proportion of the
total variation in the response explained by the fitted model. The third test
for the significance of the regression equation is the standard error of Y.

To test the inclusion of a single variable, an F test was applied to check
whether the variable is statistically significant. The F values were computed
from:

MSR

F = (3-2)
MSE

where MSR is a mean square regression given by:

MSR = I(Y; - ¥)*/n (3-3)

-where ¥Y; -~ Y is the deviation of the fitted regression line. A mean square
error, MSE, is computed from the error sum of the squares:
IA(Ys - ¥, ")°

MSE = (3-4)
n-k-1

where n is the number of cases, k is the number of predictors and y; and
yi' are the observed and predicted Y at point i. MSE is also defined as the
sum of the squares of the deviation divided by n-k-1, or an unbiased

estimation of the variance.
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The F level test is used to determine whether an indicated regression
coefficient, ayx, is significant, 1i.e., whether the inclusion of an
individual predictant reduces variance. The critical wvalues of the F
distribution for « and n-k-1 for n=9 were shown in Table 3-4. The minimum F
value selected for the analysis was 0.4. Choice of this relatively low F
value ensures that all potential predictors, even relatively weak ones, are
initially included. Then each set of equations can be examined to determine
the equations that will provide the most significant results.

The correlation coefficient is given by:

I (Y, -Y'4)? ‘
r =.[/1- — (3-5)
L (Y: - Y)?

where Y'; 1is the predicted value for a particular value of «a, Y is the

mean value of Y along the regression line, and Y; is the actual or observed
.value of Y. A correlation coefficient of 0.95 implies 90.25 percent, i.e.
r?, of the variation in the response is explained by the regression
equation. A correlation coefficient on the order of 0.5 implies the

regression equation explains only 25 percent of the variation.

The standard error of Y is given by:

SE = ) (Y-¥')? (3-6)

n
The standard error gives the absélute amount of unexplained variance in the
regression.

The predictors of the regression equation were selected from the set of
possible predictors in a step-wise procedure based on the entry F value of the

selected predictor and the reduction of the variance over the previously
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TABLE 3-4

CRITICAL VALUE OF THE F DISTRIBUTIONS FOR n = 9

k
1 2 3 4 5
0.49 0.75 0.85 0.90 0.94
3.36 3.01 2.81 2.69 2.61
5.12 4.26 3.86 3.63 3.48
10.6 8.02 6.97 6.42 6.06

Where: « statistical significance level
the number of predictors in the regression equation

the number of independent data points

~
I
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predicted regression equation. If the F values showed an abrupt decline or
the reduction of variance declined more slowly or increased, the additional
predictors are insignificant additions to the equation and are not included in
the final equation.

The regression analysis procedure described above was used to find
relationships between the amounts of exposed materials observed for single-
family homes, and the demographic characteristics of the census tracts in
which the observations were collected. The selected regression equations are
shown in Table 3-5.

Predictors of the quantity of materials in place that were most often
selected and had a high level of statistical significance include the age of
the house and the mean number of rooms. The coefficients for the age of the
house were negative for painted brick and painted wood, indicating that more
of these materials are used on the newer homes. The income of the area was
only significant in regards to the painted wood where more was observed on the
higher income houses.

The resulting regression equations were used with the data for all census
tracks in the region to predict the total exposed materials. The projected
area of the different exposed materials for the basin are shown in Table 3-6
for the 1.9 million single family homes.

Additional data on other materials were mnot sufficient to develop
regression equations. Gutters, generally aluminum were found on 37 percent of
the homes with an average total 1éngth of 41 feet. Shutters were found on 20
percent of the homes with an average of 28 ft? each, and were generally
painted wood. Awnings, generally coated aluminum, were found on 7 percent of
the homes. The data are summarized in Table 3-7, with simple extrapolation

based upon the frequency of occurrence and area of the material.
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TABLE 3-5

REGRESSION EQUATIONS USED FOR VARIOUS MATERIALS

Painted Stucco (PS)

PS = -969.84 + 239.04 R + 24.654 A
r = .67 SE = 574.1
Fof R = 2.27 Total F = 2.42

Painted Wood (PW)

PN = 430.6 - 251.9 S + .015173 I
r = .88 SE = 136.2
FofS = .48 Total ¥ = 10.17

Painted Brick (PB)

PB = -236.52 - 501.84 S + 102.69 R + 4.7922 A
r = .88 SE = 83.8
Fof S = 3.78 Total F = 5.81
Stone (ST)
ST = -77.95 + 18.047 R — .000145 V
r = .88 SE = 9.8
FofV = 3.4 Total F = 8.5
Glass (G)
G = 74.56 + 6.595 A
r = .68 SE = 114.2
FofA = 6.12 Total F = 6.12
Brick (B)
B = -1543 + 1159 S + .001845 V + 14.359 A
r = .96 SE = 79.3
Fof S = 4.2 Total F = 14.6
A = Average age of house
S = % single family homes in tract
V = Mean value of house
R = Mean number of rooms per unit
I = Median income

-38-



TABLE 3-6

TOTAL AMOUNT OF EXPOSED MATERIALS (ft?) IN THE LOS ANGELES BASIN
FOR RESIDENTIAL DETACHED HOMES '

Area Percentage of total area

Painted Stucco 15.73 x 10° 48%

Painted Wood 10.94 x 10° 33%

Brick .72 x 10° 2%

Painted Brick .64 x 10° 2%

Stone .10 x 10° 1%

Glass 4.48 x 10° 14%

Total Area 32.61 x 10°

Total number of single family units 1.933 x 10°
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3.2 Multiple Residential Units and Mobile Homes

Apartments and other multiple living unit dwellings in 108 buildings were
examined using the Sanborn maps. The total wall area of multi-unit buildings
was computed and the buildings were categorized according to the number of
units per building. There was no apparent trend in the wall area per unit
based on the number of units per building.

The analysis of multi-unit dwellings shows the exposed areas range from
433 ft®> to 1,574 ft® per wunit with a tract weighted average area of
875 ft*. All multiple units that ranged up to 20 units per building had
stucco walls. Glass_areasvwere assumed at 15 percent and 2 painted wood doors
were assumed with an area of 35 ft?. Within the basin, there are 857,518
units in multi-unit dwellings. The total exposed area for each material based
on the extrapolation is shown in Table 3-8.

The census data shows 60,787 mobile homes are present in the SCAB. Mobile
homes were not sampled in this study but were included in McCarthy, et al.
(1984). Based on McCarthy's results a standard size of 55 x 10 x 8 feet was
used with aluminum siding and trim. This yielded a total area of 0.97

x 10%ft? and 7 percent was assumed to be windows.

3.3 Commercial and Industrial

The commercial and industrial building area inventory was computed using
the Sanborn maps and the land use data for the South Coast Air Basin. Sanborn
maps, discussed in Section 2.2, were obtained for each of the land use
categories that included commercial and industrial uses. Two maps were
analyzed for each of the land use categories that represented more than
two percent of the total land area in the basin. The land use categories with

two map segments each include mixed industrial, public facilities, cultural
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TABLE 3-8

EXPOSED AREA OF MULTIPLE UNITS

Material Average ft.? Basin Total (10°ft?)
Stucco 710 6.09
Glass 130 1.11
Wood—-Painted 35 0.30
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entertainment, and mixed residential. One Sanborn map was analyzed for the
other land use classes. The military/airport and airport/heliport categories
were combined and a single map was obtained for these categories. No
buildings were present for the land use categories of non-forest undeveloped,
forest, mixed open space, non-forest developed, and water. All residential
buildings, including those in the commercial and industrial land use areas
were included with the residential categories and were not 'double counted"
during the Sanborn Map analysis.

Sanborn maps covering land areas of up to 4,320,000 ft®> per map
(approximately 0.4 x 0.4 miles) were examined in detail and the materials and
length of each building wall were recorded on worksheets. The height of the
walls were obtained from the maps. The areas for each of the walls were
summed and recorded on map summary worksheets. The material categories were
consistent with the materials reported on the Sanborn map {(as was shown in
Figure 2-2).

Using photo data obtained during the field survey for seven Sanborn map
locations, the window areas associated with each land use classification were
estimated. The window area estimates were extended to other land use tracts
that contained .similar commercial/industrial uses. Estimates of glass areas
varied from 10 percent (for warehouses) to 50 percent (for office buildings)
of the total wall area as shown in the first column of Table 3-9. The ratio
of the area for each exposed material to the land area was computed, and the
results are shown in the remaining'columns of Table 3-S.

The ratio of wall area to the land area for each land-use class was
multiplied by the total area of each land use to compute the total area of
each material within the basin. The resultant values were summed from each
land use category for the South Coast Air Basin. The results are shown in

Table 3-10. Masonry (brick, concrete and reinforced concrete) is the major
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wall material in the commercial/industrial sector. Glass 1s the next largest
amount of exposed material.

Materials exposed on o0il wells and on agricultural properties were
estimated in the following manner. The exposed area in the extractive land
use category was computed by using an estimate of 200 ft® exposed painted
steel for each of the 9500 o0il wells in the basin. Materials for residential
structures on agricultural property have been included with the extrapolations
for single family residential properties. Materials for non-residential use
in agricultural regions ({(barns, sheds, etc.) have been based on a sample of
232 buildings over a 25 square mile (about 65 km’) area. The agricultural
materials estimates are based on field surveys of materials combined with
analysis of aerial photographs and topographical maps for the eastern portions
of the Basin. Building widths and lengths were determined from the analysis
of aerial photographs, and the agricultural buildings were assumed to be one
story (fifteen feet) tall. Analysis of TRC field survey photographs and the
telephone survey results showed that these buildings were predominantly
galvanized steel pole barn structures wused for feed 1lot and grazing
operations. All agricultural buildings were assumed to be of this type of

.construction. Orchards, vegetable farms and other agricultural land uses had
far fewer, and generally smaller buildings than the livestock operations.
Buildings for non-livestock farms were assumed to be of the same materials
type as the metal pole barns. An estimated 0.10 x 10° square feet of
galvanized steel is exposed on agficultural use buildings. Undoubtedly, some
of the buildings on both the livestock and the non-livestock farms were of
painted wood or other construction, however an adequate sample to determine
their number and size was not available. Therefore, an unknown, but probably
small percentage of these agricultural buildings is actually painted wood or

other materials, not galvanized.
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3.4 Non-Building Materials

Non-Building materials are a significant portion of the total materials
inventory of the South Coast Air Basin, and include fencing and guardrails,
lights and sign materials, transportation structures, tires, and monuments.
The distribution of some of these materials can be based on the photo survey
of the residential area. In other cases, telephone surveys were used to
obtain the data.

Data from the photo survey showed that sixty percent of the homes had
fencing or a freestanding wall for portions of the property. The most common
freestanding wall material Qas brick. Painted wood and stucco, and galvanized
wire (chain link) fences were also common. The distribution of fence type is
summarized in Table 3-11. 1In genéral, the brick and concrete fencing were
generally limited to the front of the house and covered areas of 50 to 100
ft?. Chain link fencing was generally 4 to 5 feet high and surrounded large
portions of the property. In order to estimate the amount of galvanized
fencing, an initial estimate of a length of 100 feet is used at 11 percent of
the single family homes in the basin. Thus, a total chain link fence area of

10%ft® is estimated for residential properties. Television antennas,

.+ primarily of aluminum, were exposed on approximately one-half of the homes,

however, antennas are not included in the data base.

Chain 1link fencing in the public sector is primarily used along roads.
The telephone survey indicates there is approximately 2,600 miles of chain
link fence in the urban areas an.d galvanized wire mesh and barbed wire in
rural areas. Replacement generally occurs after auto accidents.

Most guardrails on highways are also galvanized steel. Estimates of
amount of guardrails obtained from various public agencies gndicated about 470

miles of guardrail, mostly on state maintained highways. Current plans are to

replace the metal guardrails in SCAB with the concrete barriers of the New
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TABLE 3-11

FENCING AT RESIDENTIAL PROPERTIES BASED ON

THE SAMPLE OF 90 HOMES

Material

Percentage of Homes

Brick

Painted Wood or Stucco

Chain Link

Concrete

Total

28

17

11

IS
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Jersey type. Guardrails are generally replaced after auto accidents and
routine maintenance is not performed.

Street light poles are generally galvanized steel and aluminum and extend
to 30 to 40 feet high. Older ones are concrete and cast iron. The telephone
survey indicated in excess of 275,000 streetlights in the SCAB. No routine
maintenance is done except to replace the lamps. Parking meters are made of
Duncan Vault reinforced steel with maintenance (painting) every two years.
There were over 30,000 parking meters in the cities surveyed.

Street signs are generally made of painted aluminum or steel and are
placed on pressure treated Douglas Fir posts or galvanized supports. There
are over 550,000 street signs in the SCAB. Signs on the freeways are
generally 40 by 10 feet or less. According to the maintenance departments,
any paint on the posts "seems to last", and painting is infrequent.

A summary of the highway materials are shown in Table 3-12. The highway
fencing was assumed to be 6 feet high and the street lights to be 35 feet
high. The average area of each street sign was assumed to be 400 ft?
(20x10x2 sides). No estimate was made of the amount of exposed materials
within the road beds or bridges, and no estimates of damage to road beds or
~bridges have been included.

There are about 20,000 towers and poles of galvanized steel or wood
ranging up to 120 feet tall for 2,880 miles for high voltage transmission
lines. The exposed area of a typical galvanized tower is estimated at 400
square feet. An estimated one-half of the towers are expected to be
galvanized yielding about 0.04 x 10® ft? of galvanized exposed on towers.
No maintenance, other than washing in coastal areas, has been generally
undertaken on the poles. No estimate was made of the number of distribution

poles from the substation to the end user.
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TABLE 3-12

MATERIALS ALONG HIGHWAY IN THE SOUTH COAST AIR BASIN

Responsible Fencing
City or Agency (Miles)

Guardrails

Me

tal

Wood Concrete
(Miles)(Miles) (Miles) Streetlights

Street Parking
Signs Meters

Los Angeles 2
Riverside 40
Pasadena 12
Long Beach -
Caltrans 2600
Total Exposed 1

Area (10%ft?)
from the surveyed
cities and agencies

0.

30

20

1

420

5

60

.01

500

190000

23000

14500

24000

25000

0.2

500000 280000

15000

6000

25000 3000
Unknown
2.2 0.002

Blanks indicate no information received.
Unknown indicates that the agency did not have a record of the information

requested.
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The largest exposure of monumental stone is within the large cemeteries.
The estimated 750,000 monuments in the cemetaries surveyed are generally 4 to
20 ft? each and are usually either bronze or granite. Some of the older
monuments are made of marble and require a periodic cleaning. Only Glendale
Cemetary, in Long Beach, reported any cleaning activities for the markers, and
this was limited to washing the few marble markers they have. The newer
monuments received no maintenance.

Data collected by the telephone survey was not exhaustive. Four large
municipalities and the area-wide agencies were contacted, however, the
numerous smaller municipalities were not included in the survey results and no
estimates have been made for the materials exposed by the unsurveyed
municipalities. The area of the non-building related materials indicated by
the telephone survey results is two to three orders of magnitude smaller than
the material area found in the residential and commercial/industrial sectors.
The materials estimates from the telephone survey form a lower bound of the
exposure totals for the materials along the highways, or used by electric
utilities or exposed in cemetaries. Actual totals for the materials exposed
along highways, used by electric companies and exposed in cemetaries may be as
much as an order of magnitude higher than indicated, however, when compared
with materials used in the residential and commercial/industrial sectors, they

are still very small.

3.5 Independent Methods of Inventoiy Computation

A key question in this type of materials inventory is whether the results
are accurate. To answer this question, fundamental properties of the data
sample will be examined. The data sample was developed in a systematic

procedure to obtain buildings that were representative of particular land use
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categories. We will examine independent methods to determine the possible

range of material inventory.

3.5.1 Residential

The residential survey examined the fronts of 88 homes and one side of 26
of these homes. The homes were selected from 9 census tracts that showed high
uniformity of the age of the homes and lcovered different median income
levels. The basic assumption is that homes built at a given time for a given
income level are approximately the same size and similar in construction. The
sample standard deviations for the areas of the front of the homes in each of

the 9 tracts are shown in Table 3-13. The standard deviations range from 12

to 41 percent of the mean area. The largest percentages are in the high
income area and range from 25 to 41%. The middle income homes are most
uniform.

The distribution of the size of the front of the homes are shown 1in
Figure 3-1 with a double peak distribution with maximum peak number of homes
near 325 and 525 ft?. Of a total of 90 homes photographed during the field
survey, 88 were processed to determine the front area. The photographs for
“the remaining two houses were "unprocessable" because of obstructions (shrubs,
parked cars) obscuring significant portions of the two houses. The
distribution shown in Figure 3-1 is skewed with the inclusion of the pre-1950,
high income tract in Beverly Hills, where eight of the homes in the tract were
the 8 largest homes in the total sémple. That tract was not used in computing
the confidence level of the mean size of the front listed in Table 3-14. The
confidence limits for the side of the houses are included in Table 3-14. Then
the total area of the house was computed using the minimum and maximum areas
of the confidence level for the front and side of the house. The total area
of the house have a mean area of 1572 ft with a 90 percent confidence limit of

1428 to 1724 (or + 10%) of the mean.
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TABLE 3-13

SAMPLE STANDARD DEVIATION AND MEAN OF THE AREA OF THE FRONT
OF THE HOUSES IN EACH TRACT (ft?)

STANDARD DEVIATION

Annual
Housing Income
Age >$35,000 $15,000-35,000 <$15,000
Pre-1950 265 ‘ 103 104
1950- 103 72 101
1969
Post-1969 155 63 84
MEAN AREA
Housing Age Household Median Income
>$35,000 $15,000-$35,000 <$15,000
Pre 1950 1033 432 388
1950-1969 356 490 378
Post 1969 378 525 302
PERCENT OF STANDARD DEVIATION OF MEAN
Housing Age Annual Income
>$35,000 $15,000-$35,000 <$15,000
Pre 1950 26 24 27
1950-1969 29 ' 15 27
Post 1969 41 12 28
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TABLE 3-14

CONFIDENCE LEVELS OF EXPOSED WALL AREA
FOR SINGLE FAMILY HOMES

Confidence Levels (ft?)
Number Mean Area

of Houses (£t2) 90% 95%
Front Area 88 404 382-426 378-430
Side Area 22 382 332-432 322-442
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The regression equations were developed from the field survey photo data
and extrapolated over the 1.93 x 10° single family units in the basin. As a
basic check of the regression procedures, take the mean total area and
multiply the mean by all houses in the basin. The resultant area or 30.3 x
10® (if the pre-1950, > $35,000 income houses are omitted), is within 10
percent of the area (32.61 x 10%) generated by the regression equation. All
vertical areas are included in this estimate.

One way to examine for the bias of the materials as a function of house
size within a tract is to determine the average ranking of the house for given
materials. Each house in a tract was ranked against the nine other houses 1in
the tract according to size and material. The average ranking of the homes
across all tracts are shown in Table 3-15. The average ranking of stucco and
wood surfaces are within one location of the average ranking (5) of all
houses. Completely brick houses were only reported in one tract, the >$35,000
income houses built before 1950. However, brick and stone were reported as
facades having less than half of the front side in the other tracts.

One of the possible sources of error in the photo analysis is an accurate
computation of the distance from the camera to the house. Tests of the method
showed errors of 1 to 2% when the distance was accurately known by
measurement. Early in the analysis, it became apparent that the optical range
finder was wunreliable and produced errors that were greater than 10%.
Therefore, the height of a doorway on each photo was assumed to be 80 inches,
which is an architectural standard and the remainder of the analysis was
scaled for the doorway measurement. Random errors of 2 to 4 inches are to be
expected, leading to overall area estimate errors of 2 to 5%.

In view of these results, the error for the total single-family
residential wall area computed here for the basin is within 15% of the total

wall area with 10% of the variance about the sample mean and 5% in computing
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TABLE 3-15

AVERAGE RELATIVE HOUSE RANKING OF MATERIAL WITHIN A GIVEN TRACT

Relative
Material Number of Tracts House Ranking
Stucco 9 5.5
Wood Paint 7 4.9
Brick 1 6.5

Note: House ranking is the average out of 10 houses in each tract. A value
of 5 indicates the same number of large houses and small houses are
covered with the material without intra tract bias.
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the sample mean. The materials with the most reliable area estimates are
stucco and painted wood. Other computed areas will have a somewhat larger
variability. The total amount of residential stone or brick may be biased on
the high side because they often are only used on the front. A lower limit

would probably be about 40% of the reported results.

3.5.2 Commercial, Industrial, and Multiple Unit Residential Building

The use of the Sanborn maps posed a problem in that several of the maps
were more than 10 years old and it is questionable whether they depict the
buildings on-site during the period of 1978-1980. As discussed in Section
2.3, field verification of the Sanborn map was made by visiting seven
intersections shown on seven different maps and photographing the buildings
around the intersections. A comparison of photos at two of the seven
locations showed a complete change of buildings. However, the maps are
probably the best source of data and, even if out of data, are representative
of a given land use. It is unlikely that there have been substantial changes
in the types and amounts of materials used in a given commercial/industrial
sector land use.

The .Sanborn maps were used to determine the wall area of 109 multi-unit
residential buildings that contained 631 units. The largest uncertainty would
be in the assumption of the window area, which was not indicated on the maps.
The 109 multi-unit buildings had a mean wall area of 899 ft?/unit without
any tract weighing with a standérd deviation of 544 ft?. The 90 percent
confidence intervals are 813 and 983 ft®. The 95% limits are 795 and 1000
ft?. Thus, the limits are within 12% of the mean. In the earlier section,
the tract weighted average of 875 ft?> was the wvalue used, or within the

range of the confidence limits for the mean area computed here.
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Uncertainties in the commercial and industrial sectors are more difficult
to quantify because of the large diversity in size and use of structures.
Therefore, we used a complétely independent method to estimate the exposed
materials in the industrial sector and provide estimates to extend the
analysis to the commercial sector.

The MacRae Industrial Directory was examined to find companies that

reported both the number of employees and the square feet of the building
floor space. Data for approximately 1000 firms were used to determine an
average amount of floor space per employee. Examination of the data showed
that there were approximétely 1000ft> per employee. There was a large
variation about the mean, but generally the floor area ranged between 300 to
1800 ft? per employee. The companies in the data sample provided by
MacRae's covered the U.S. Government's Standard Industrial Code (SIC) numbers
from 2000 to 4000. It was assumed that the values apply on average to all
commercial establishments. Further work would be necessary to check this
assumption which may overestimate the area for warehouses and some retail

outlets.

The square footage of exposed wall is computed by assuming an aspect

ratio, A, of the length and width of the building to determine the wall area

of the building. Thus the wall area W will be given by computing the

perimeter surrounding the floor area, F, by

W =H2(u + Am);

where m in the length of the shorter side are H is the height of the wall and

will be assumed to be 10 feet. The floor area u given by:

and from the MacRae Index
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where E 1is the number of employees and M is the factor for square feet of
floor area per employee. Solving the above two equations for m and
substituting into the perimeter equation yeilds:

20 (1 + A) E®-° M°-°
W = (3-7)

AO.S

where A is the aspect ratio, E is the number of employees, and M is the square
foot of floor area per employee.

The census data for county business pattern tabulates on a county basis
the number of outlets with a given number of employees (e.g., 1-4, 5-9, 10-19,
etc.), Eq. 3-7 was applied to compute the total exposed wall for each employee
grouping and summed. The resultant total exposed wall area was computed as
10.05 x 10%ft>. This 1s considerably less than the comparable areas
computed by the Sanborn map method that totaled 18.79 x 10°ft? with the
agricultural, public services, cultural and entertainment, and extractive
areas omitted.

One reason for the difference is that the land use data overstates the
land use for the commercial sector by using all potential land use, and not
Just the actual current land use. 2Another explanation is that the maps were
available for the more built up sections of the basin, and are not
representative of the material density (square feet of exposed material per
hectare) over the whole basin. Thus the results would be heavily weighted to
the urbanized region.

Originally the limited mapped area examined for each land use, 160,000
ft?, introduced errors. An analysis of the Sanborn map showed that the
160,000 ft? sections contained large amounts of materials on a per square

foot basis, i.e. high materials density, due to undercounting of streets and
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parking lots. The 5 maps that were originally analyzed on a 400 by 400 ft?
sample square were reanalyzed to cover the entire area of the map and thus
include all streets and parking lots. A reanalysis showed the ratio of wall
area to land area was greatly reduced due to the inclusion of street and
parking area. Subsequently all Sanborn map analyses were performed using the
entire map area (1,080,000 ft? or 3,840,000 ft® depending on the map
scale).

Based on the large differences and the more detailed business inventory
used for the MacRae Industrial Directory method, the total material amount in
the commercial/industrial sector derived from the Sanborn map analysis was
adjusted downward to a value close to the MacRae Industrial Directory value.
As no data are available for types of materials in the MacRae analysis, all
materials were reduced proportionally. The Sanborn map data was reduced by 47

percent for subsequent analyses.

3.6 Summary of Material Inventory

The inventory of buildings is based on a sample of 805 buildings covering
the various land use categories, as shown in Table 3-16. Photos were taken of
more than 100 buildings with the exposed area computed using a microcomputer
program.

The resulting material distribution for the major materials are shown in

Table 3-17. The results are summarized in Figure 3-2.

-61-



TABLE 3-16

NUMBER OF BUILDINGS USED IN THE SURVEY

No. Source’

Agriculture 230 USGS
Mixed Open Space 6 S
Mixed Industrial 20 S
Mixed Residential 56 S
Public Facilities 22 S
Retail Operations 73 S
Military/Airport 11 S
Highway 1 S
Mixed Commercial and Service 6 S
Cultural, Entertainment 18 S
Railroads 40 S
Mixed Transportation 10 S
Heavy Industry 5 S
Office Building 14 S
Light Industry 74 S
Ports 23 S
Mutiple Unit Residential 108 S
Single Family Homes 88 p
Total 805

' USGS  USGS Map
S Sanborn Map
P Photo Survey
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TABLE 3-17

SUMMARY OF THE AREA (10%ft?) OF MAJOR MATERIALS

IN SOUTH COAST AIR BASIN BUILDINGS
(STRUCTURAL MATERIAL, ONLY)

Material Residential Commercial Total
Single Multi Mobile
Stucco Painted 15.73 6.09 .53 22.35
Wood-Painted 10.94 0.30 .37 11.61
Iron .28 .28
Brick .72 2.42 3.14
Painted Brick .64 .64
Concrete 4.15 4,15
Reinforced Concrete 1.30 1.30
Glass 4.48 1.11 .07 5.46 11.12
Gunite .01 .01
Steel .06 .06
Metal Clad .90 .49 1.39
Tile .02 .02
Stone .10 .10
Galvanized .01 .01
Total 32.61 7.50 .97 15.06 56.18
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4.0 MATERIALS DAMAGE FUNCTIONS

4.1 Damage Functions

Damage functions are mathematical expressions that quantify the amount of
change in a measurable characteristic of a material in terms of environmental
factors, such as pollutant concentration and/or climate, and time. The
material damage functions currently available in the literature are based on
two different methods of study: field tests and chamber tests. Field tests
of materials are inherently representative of actual exposure. Chamber
studies where individual pollutants are introduced to sensitive materials, are
conducted under a much more ideal, controlled environment. Chamber studies
have been used to determine the impact of one or more damaging agents to the
overall damage process.

Damage functions exist in the 1literature for a limited number of
pollutants and materials, primarily sulfur dioxide and metals, ozone and
rubber (elastomer), sulfur dioxide and paint, and TSP and soiling.

A review of material damage functions, uncertainties in their application,
and the appropriate functions for application in SCAB are presented in

subsequent sections.

4.2 Review of Specific Damage Functions

4.2.1 Ferrous Metals

Most ferrous metal alloys (with the exception of stainless steels and
weathering steels, such as Corteri-A) do not produce reaction products which
protect against further reaction. Common rust 1is wusually only loosely
attached to the substrate and is easily penetrated by atmospheric reactants
and may even serve to accelerate the corrosion process due to retention of

moisture and other reactants. The most rapid corrosion of the metal occurs
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when the surface of the metal is wet. Thus "time of wetness" is an important
consideration in any material damage function for ferrous metals.

Most steel surfaces exposed to the outside atmosphere are treated with
protective coating (e.g., paint or zinc galvanizing) to minimize the corrosion
damage to the steel itself. However, once the protective surface has been
removed by corrosion or erosion, the steel itself will begin to corrode.

The sensitivity of steel to corrosion in an aggressive atmosphere depends
on the type and composition of the steel. Copper steel and low alloy copper
steel (containing 0.2 to 0.5 percent copper) are more resistant to corrosion
in an industrial environment than carbon steel (Larrabee, 1953). Similar
results are reported by Legault and Leckie (1974), Brauns and Kalla (1965),
Schwenk and Terres (1968), Guttman and Sereda (1968), Hudson and Stanners
(1953), and Briggs (1968).

Moisture and the natural constituents of the atmosphere, such as sea salt
particles, can greatly affect the corrosion rate of steel. The American
Society for Testing and Materials (ASTM) reported that a 1/16-inch mild steel
panel completely disintegrated after 1-1/2 years of exposure at a test site
along the San Francisco coast, while a similar panel at Davis, California,
located in a rural area 30 miles from the coast, lost only 2.67 grams after
5 years' exposure.

Briggs (1968) reported that cast steels have greater corrosion resistance
than malleable iron and wrought steels in an industrial atmosphere. He also
reported that the rate of corrosion decreases with time. A similar dependence
of the rate of corrosion on the length of exposure was reported by Upham
(1967) from a short-term (3 to 16 months) field study in seven sites in

Chicago.
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Several damage functions for steel have been reported in the literature.
Comparisons between these functions are difficult because the rate of
corrosion of steel depends on the length of exposure and the specific
composition of the steel alloy.

Upham (1967) studied the corrosion of low carbon (0.019 percent), low
copper (.028 percent), and mild steel in the St. Louis and Chicago afea, and
reported several damage functions for the corrosion rate as a function of the
sulfation rate and sulfur dioxide concentration. Different damage functions
were reported for each urban area. The damage function also changes with the
averaging time for the SO, concentration as well as the length of exposure.
The different damage functions are summarized in Table 4-1. The differences
between St. Louis and Chicago may be explained by the difference in average
relative humidity during the exposure period since relative humidity was not
reported by Upham.

Haynie and Upham (1970a) reported damage functions for carbon steel,

copper-bearing steel and weathering steel:

Carbon Steel

0.00161 SO: (0.7512 - 0.00582 OX) (4-1)
y = 9.013 e (4.768t)
Copper-Bearing Steel
0.00171 SO (0.8151 - 0.00642 OX) (4-2)
y = 8.341 e (4.351t)
Weathering Steel
0.0045 SO (0.6695 - 0.00544 OX) (4-3)
y = 8.876 e (3.389t)
where: y 1is corrosion in um

SO: 1is the annual average concentration of SO in pg/m®
OX 1is the annual average concentration of oxidants (ozone) in pg/m3
t is the time of exposure in years
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In a more recent laboratory study (Haynie, Spence and Upham 1976), it was
shown that the rate of corrosion of steel is independent of ozone concentra-
tion. Haynie and Upham (1974) reported that the corrosion of enameling steel

can be described as:

corr = 325 VYt exp [0.00275S0, - (163.2/RH)] (4-4)
where: corr is the corrosion in um
SO, 1is the annual average concentration of sulfur dioxide in ug/m?
RH is the annual average relative humidity in percent
t 1is the exposure time in years
Similar dependence on the square root of time of exposure was reported by
Haynie, Spence and Upham (1976). The corrosion of weathering steel was
-expressed as:
31,150 (4-5)

55.44 - RT
corr = 5.64 SO, + e tw

where: corr 1is the corrosion in um
SO, is the annual sulfur dioxide concentration in ug/m’
T 1is the absolute temperature
R is the gas constant = 1.9872 cal/g-mole
t, 1is the time of wetness in years
Ateraas et al. (1978) have developed damage functions which relate gaseous

SO, concentrations with corrosion of carbon steel and zinc. For carbon

steel, the damage function is:

Corrosion (g/m”) = 5.28 SO. + 176.6 (4-6)

where: SO = annual average SO: (pg/m3)

For zinc, the damage function is expressed as:
Corrosion (g/m?) = 0.22 SO, + 6.0 (4-7)

where: SO0 = annual average SO (pg/m3)
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In contrast to the work of others, note that neither of these equations
includes a moisture factor as a variable.

The effects of acid rain on exposed materials may be accounted for by
damage functions developed in the Scandinavian countries. Through long term
corrosion testing of different types of metallized, metallized and painted,
and painted steel in Norway, Haagenrud (1977), wusing a linear regression
analysis, developed the following equation to account for the effects of acid

precipitation and gaseous SO: on the corrosion of carbon steel:
Corrosion (g/m”) = 1.5x, + 2.3x, + 0.05x; — 15.2 (4-8)

where: x;

1l

concentration of SO, (pg/m3)

X2 = days with precipitation
x3 = concentration of strong acid in precipitation (p eqv H'/liter)
4.2.2 Zinc

Although strip zinc 1s rising in popularity, the primary use of zinc is in
galvanizing steel to make 1t resistant to corrosion. Because of its
widespread use in exterior exposures, the effects of SO; on corrosion of
zinc has been studied intensively.

Guttman and Sereda (1968) proposed that the corrosion rate of zinc panels
exposed to the atmosphere 1is:

.8152
Y = 0.00546A (B + 0.02889) (4-9)
where: Y is weight loss due to corrosion in g per 3 in. x 5 in. exposure panel
A is the time of wetness in hours
B is the concentration of SO, in ppm

This relation was proposed after an extensive field program in Birchbank,

British Columbia in which panels of pure zinc were exposed for different

lengths of time to the atmosphere. After the exposure, the corroded layer was
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removed and the corrosion was determined by loss of weight. During the
experiment the degree of wetness was measured by a dew meter and the
concentration of SO, was measured by a sulfation plate.

Haynie and Upham (1970b) found in their 5-year study in eight U.S. cities
that the corrosion rate varied 1linearly with SO. concentration and the

relative humidity according to the equation:
Y = 0.001028 (RH - 48.8) SO: (4-10)

where: Y is the corrosion rate in um/year
RH is the average relative humidity
SO, is the average concentration of SO in pg/m’

This is sihilar to the damage function reported by Hershaft (1976) (corr =
.000128f(RH)SO,, where £(RH) is an unspecified function of the relative
humidity). Note that according to this equation the corrosion rate will be
zero at an SO, concentration of zero. This result contradicts the findings
of many researchers, showing that zinc corrosion also occurs 1in clean
atmospheres although at a much slower rate than when SO is present. In a
chamber study, Haynie (1980a) reported that the corrosion rate of zinc can be

expressed as:

corr = [.0187 SO, + exp (41.85-(23240/RT)] t. (4-11)

where: corr 1is thickness loss in um
SO, is SO, concentration in pg/m’
T 1is the temperature in °K
R is the gas constant (1.9872 cal/g-mole)
tw is the time of wetness in years

In recent work, Haynie (1982) summarized the results of a Tennessee Valley

Authority (TVA) study and used this data to derive a material damage function.
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Based on the results of the survey and assuming an average relative humi-
dity of 70.6 percent and a time of wetness equivalent to 25 percent of ex-

posure time, the corrosion rate may be expressed as:
corr = (3.9 + 0.0383 S0:2) t (4-12)

where: corr 1is loss of thickness in um
SO, is concentration of SO, in pg/m’
t,, 1s time of wetness in years
In another study on the effect of sulfur dioxide on building material

Haynie (1980a) suggested that the damage function of S0; to galvanized sur-

faces can be expressed as:
corr = (2.5 + .02 SOz) t. (4-13)

Further refinement of the data used to derive this equation led Haynie to
propose separate approaches to calculate corrosion for zinc surfaces used in
different applications. The deposition velocity to large flat surfaces such
as roofing and siding is much less than that for lattice structures used in
transmission line towers. In addition, chainlink fencing has a deposition
velocity nearly twice as 1large as that of flat sheets. Based on these
differences, the damage function for the rate of =zinc corrosion can be

expressed as:

C = (A + B S0z) tyu (4-14)
C 1is the zinc corrosion rate

A is the corrosion rate when wet in a clean environment (2.4 um/yr)
B 1is the 0.0225 for roofing and siding and 0.0450 for fencing

tw 1s the time of wetness in years
A spot check of the above equation can be made by comparing the predicted

zinc erosion rates against the measurements of zinc thickness on electric

transmission towers made by the field survey technician (see Section 2.3).
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The technician measured the thickness of the galvanized coatings on eight
transmission towers at the Haynes Generating Station and the Harbor Generating
Station. Four thickness measurements were recorded, one on each side of the
eight towers (i.e., a total of thirty-two observations). The towers for
Haynes have been in place since 1965, and those at Harbor since 1943.
Unfortunately, at Harbor Station all but one of the towers had been painted
during the 1960's, and those twelve observations had to be discarded. Of the

remaining towers, the following was observed:

Mean Standard Number of
thickness (um) Deviation (pm) Observations
Haynes Generating
Station 69 17.9 16
Harbor Generating
Station 46.8 13.6 4

Assuming the initial coating thickness was equal to the ASTM Standard, 86um,
the observed erosion rates were 0.94um per year at Haynes, and 0.99um per

year at Harbor.

Erosion rates using Haynie's equation can be predicted if time of wetness

is calculated using:

T. = exp [ -3.35 (l00-RH)/RH] (4-15)

where T,, is the annual time of wetness in years.
RH is the annual average relative humidity.

The time of wetness is estimated as 0.32 years per year by using Los
Angeles County's average relative humidity of seventy-five percent. North
Long Beach air quality station average annual SO level of 0.002 ppm, is
selected for the comparison because of the proximity of the station to the

location of the transmission lines. Using B equal to 0.0225 (the value for
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large aerodynamic diameter deposition), the predicted erosion rate 1is 1.02
pm/year. This value compares reasonably well with the average observed

erosion rates of 0.94 and 0.99 um discussed above.

4.2.3 Paint

A paint surface is subject to several types of damage which affect its
usefulness. Cracking, peeling, erosion and discoloration are all considered
unacceptable. Modern formulations are designed to minimize cracking and
peeling, which lead to premature failure of the coating system. Erosion or
wearing away of the paint surface is the type of damage most closely
associated with the impact of ambient gaseous pollution, and is the usual
cause for repainting.

Several damage functions for SO, induced erosion of paint have been
reported in the literature. Such functions are based on either accelerated
chamber studies or long term outdoor exposure studies. Unfortunately, all
such studies to date have significant flaws which render their results highly
questionable. These flaws are inherent in the nature of the problem and
cannot easily be overcome.

Damage to a paint surface is the cumulative effect of the conditions to
which the surface is exposed. In the real world, the conditions include
various combinations of temperature, moisture, sunlight and pollution 1level.
No outdoor exposure study to date has been able to separate the impact of the
S0, factor from all the others.

Haynie et al. (1976) exposed oil based house paint, latex house paint,
vinyl coil coating, and acrylic coil coating to "high" (0.5 ppm} and "low"
(0.05 ppm) concentrations of 8S0O,, NO., and Os; in various combinations.
This experiment was done as a chamber study, and permits estimation of the

amount of damage due to pollutants alone. A statistical regression analysis
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of the data was used to derive the following relationship between erosion of

0il based house paint and concentrations of SO::

Erosion (pm/yr) = 14.3 + 0.0151 (SO:z) + 0.388 RH (4-16)

where: RH
S0.

annual average relative humidity, %
annual average SOz, pg/m’

Application of this model using typical ambient SO, concentrations indicates
that a small but quantifiable portion of the total annual erosion can be
attributed to SO-.

In this chamber study, Haynie found that the vinyl coil coating and
latex-acrylic coii coatings eroded at a much slower rate than the o0il based
house paint exposed under similar conditions. A regression analysis of the
data was used to derive the relationship between the erosion of vinyl coil

coating and SO;:

Erosion (pm/yr) = 2.51 + 1.60 x 10™° x RH x SO: (4-17)
where: RH = annual average relative humidity, %
SO, = annual average SOz, ug/m®

For latex-acrylic coil coating, ozone was found to be the most likely factor
to affect the erosion rates. As with o0il based house paint and vinyl coil
coatings, a regression analysis was used to derive the relationship between

the erosion of acrylic coil coatings and Os:
Erosion (pum/yr) = 0.159 + .000714 O; (4-18)
where: Ozone is expressed in pg/m3 (annual average)

In a comprehensive study done by Campbell et al. (1974) of the Sherwin

Williams Company, panels painted with different exterior paints (automotive
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refinish, latex coating, coil coating, industrial maintenance and o1l house
paint) were exposed to air pollutants in an environmental chamber wunder
accelerated weathering conditions. The panels were exposed to a low (0.1 ppm)
and high (1.0 ppm) concentration of ozone and sulfur dioxide. After exposure
the panels were examined with a scanning electron microscope and were assayed
for total erosion, gloss, surface roughness, tensile strength, and infrared,
attenuated total reflectance (IR-ATR). The panels were examined after 0, 400,
700 and 1000 hours of chamber exposure (considered as equivalent to 0, 200,
350 and 500 days of exposure).

The relative sensitivity of coating to pollutant damage depended on the
particular test used to define it. For example, when tested for the IR-ATR,
oil-based house paint exhibited the greatest change in properties while
automotive paint exhibited the 1least change. On the other hand, the
automotive paint exhibited the largest change in gloss while the oil house
paint suffered no change.

If erosion is considered the most important form of damage studies, the
chamber studies at Sherwin Williams indicated that SO, at concentrations of
2620 pg/m3 (1.0 ppm) caused measurable effects. Exposures at 262
pg/m3 (0.1 ppm) resulted in such variable degrees of damage that they were
statistically equivalent to no effect, or at least within the experimental
error range.

A comparison of both chamber studies indicates that not only are the
predicted rates of damage at a g-iven SO, concentration in the two studies
completely different, but the predicted rate of damage in a "clean" S0: free
atmosphere differs as well.

Haynie and Spence (1984) evaluated the exposure of white oil-based and
latex-based paint samples from the material exposure portion of the St. Louis

RAPS Program. These samples, mounted on a rack at 90° angles in both north
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and south facing postures, where removed after 3, 6, 12, 24, and 30 months of
exposure and the film weight loss was analyzed. A multiple regression
approach was taken to analyze the weight loss versus exposure variables. These
independent variables included sun exposure, temperature, time of wetness,
wind speed, total gaseous sulfur compounds, total gaseous NO, and oxidants.
From the results of the regression analyses, it was concluded the two white
household paints exposed in the RAPS Program were eroded primarily by the
effects of time of wetness, temperature, and sunlight. Of the gaseous
pollutants, only nitrogen oxide appear to be pfimary causative agents in latex
paint film loss. A possible effect of ozone on the latex paint was masked by

the strong covariances between ozone, temperature, and nitrogen oxides.

4.2.4 Building Materials (Soiling)

Soiling is defined as the accumulation of particulate matter on the
surface of a material exposed in the outdoor environment. An excellent review
on the effects of particulate pollutants on materials has been done by Lodge,
et al., (1981). Two types of material damage result from soiling.
Particulate matter, under the proper conditions, can enhance surface damage
-through accelerated corrosion and erosion by serving as centers for the
condensation of moisture or absorption of gaseous pollutants such as S0..
The synergistic effects of such combinations have been reported in the
literature. The second effect is aesthetic, that is, discoloration of the
surface apart from any other enhanced damaging effects. In this case, soiling
does not normally affect the structural functioning of the material. A soiled
coat of paint will continue to protect the substrate, but soiling does detract

from the amenity of the living and working environment.
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The soiling of surfaces is a continuous function of time. Immediately
after corrective action is taken, such as cleaning to restore a surface to its
original appearance, soiling begins again.

In a study in Birmingham, Alabama, Beloin and Haynie (1975) exposed
several materials (painted cedar siding, concrete block, =zinc, limestone,
asphalt shingle and window glass) at five sites. Total suspended particulate
matter measured using high-volume samplers at these sites ranged from 60
ug/m® to 250 ug/m’. Observed TSP wvalues in the SCAB range from 52 to
156 pg/m’. The degree of soiling was measured by reflectance and was
found to be proportional to the square root of the dose for all substrates
except for the white asphalt shingles where the reflectance was directly
proportional. A linear regression of the data resulted in the following

damage functions for acrylic emulsion paint:
In (92.5 - Y) = -0.311 + 0.345 1n (TSP) + 0.612 1n (t) (4-19)

where: Y is the percent reflectance
TSP is the average concentration of total suspended particulate matter

t is the time in months
For white asphalt shingles the damage function is:

In (41.8 - Y) = — 4.881 + 1.007 1n (TSP) + 0.595 1In(t) (4-20)

Although these damage functions pertain to specific effects on certain
types of very susceptible materials, these damage functions can be more
generally applied. Watson and Jéksch (1978) used these damage functions to
calculate household cleaning costs due to soiling. McCarthy et al. (1981)
used these functions to develop the potential benefits due to reduced soiling

of building materials in the Boston area.
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4.2.5 Elastomers

Damage to elastomers is caused primarily by ozone and other oxidants.
Sulfur dioxide and nitrogen dioxide have been implicated by several
researchers as causative factors in elastomeric degradation, as has sunlight
(UV spectrum), but oxidant damage is typically the 1limiting factor in the
use-life of the material.

Ozone can cause cracks in rubber under stress through attack on the
chemical structure of the rubber. Automobile tires are the major rubber
product in wide use outdoors and thus dominate the potential damage costs to
this pollutant. Modern formulation of plasticizers and antiozonants reduces
the susceptibility of tires to attack by ozone to a point where tread wear 1is
usually the dominant factor in product 1lifetime. However, the recent
development of the long-lasting radial steel-belted tires might reestablish
the importance of ozone as a limiting factor on the lifetime of tires. Damage
functions directly relating tire life to ozone concentration were derived by
McCarthy et al. (1981) based on general information on rubber damage in the
literature. The work of Edwards and Storey (1959) provides a framework for
making an initial assessment of ozone concentrations and rubber. They
determined the effects of ozone on certain elastomeric formulations used in
tire sidewalls containing various amounts of antiozonants under 100 percent
strain. The results show that increasing the amount of antiozonants produced
significant reductions in the rate of cracking, with increasing amounts of
ozone necessary to 1initiate visible cracks. An exponential relationship
between the dose, expressed in ppm multiplied by exposure time in minutes, and

the percentage of antiozonant, was found:

bz

Critical Dose (ppm min) = ae (4-21)

where: a and b are constants dependent on the elastomeric mix
z is the percentage of antiozonant

-79-



Haynie (1980) has suggested the following damage function to relate the

rate of cracking (depth) with ozone concentration and antiozonant:
R =75.3 e ' °°* [03] (4-22)

where: R 1s the rate of cracking (mm/yr)

x 1s the amount of antiozonant expressed as a percentage of tire
weight

[0s5] 1is the ozone concentration in parts per million, volume (ppm)

Substituting design worst case ozone concentrations of 0.05 ppm and the
typical antiozonant concentrations used by tire manufacturers (about 1.5
percent), the formula predicts design 1lifetimes in good agreement with
observations if the critical damage level for crack depth is assumed to be
5 mm. This yields lifetimes in excess of 13-1/2 years. Tread life for a good
tire rarely exceeds 60,000 miles. If a car is-driven only 5,000 miles per
year, the tires' wuseful 1life will be limited by 1its tread wear, not ozone

induced cracking.

4.2.6 Fabrics

Nitrogen dioxide and ozone are two pollutants which significantly affect
the use-life of fabrics. Particulate matter is thought to affect
deterioration of fabrics through abrasive actions but the controlling factor
for particulate matter damage is usually soiling.

Nitrogen dioxide and ozone affect the use-life of fabrics, primarily
through their influence on dye fading. Ozone, due to its high solubility in
water, 1is thought to attack some fabrics, notably cotton. However, according
to Bogarty, Campbell and Appel (1952), the effects of ozone on fabrics are
minor compared to the effects of sunlight, heat, wetting and drying, and

biological attack.
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While the effects of nitrogen dioxides on fabric dyes was first noted
prior to World War I, it wasn't until 1955 that Salvin and Walker (1955)
showed that ambient levels of ozone were also capable of fading dyes. Ozone
fading of dyes., which affects primarily the blue and red disperse dyes applied
to nylon, is characterized by a bleached or washed out appearance rather than
the reddening which 1is characteristic of the effects of NO.. The ozone
fading of sensitive dyes is accelerated by moisture. Studies performed in the
last 10 years have indicated that long exposures of sensitive dyes to ambient
levels of atmospheric ozone in the presence of relative humidities greater
than 65 percent leads to accelerated fading.

Although many controlled exposure studies have been conducted to measure
the effects of these two pollutants (O;, NO:) on dye fading, Haynie et al.
(1976) appears to be the only researcher to develop and publish a damage
function relating pollutant exposure to measurable damage. Based on a chamber
study and resultant fading of a drapery fabric (manually employed indoors)
exposed to NO:, exposures of 262 jug/m® and 940 pg/m®, Haynie

developed the following:

-5
~-(0.75 + 0.01 M + 2.9 x 10 =x NOz x M) t (4-23)
AE = 30 (1 - e)
where: AE = amount of fading (fading units)
M = amount of moisture (ug/m?®)
NO, = concentration of NO., (ug/m®)
t = exposure time (years)

According to the regression analysis used to develop this relationship, this
function accounts for nearly 78 percent of the wvariability. Alternatively,
Haynie has also used the data derived in the chamber study to develop an
equation relating the NO:; concentration to the percentage of 1life 1lost due

to pollutant exposure:
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-3
2.9 x 10 x NO, x M
Percentage Life Lost = (4-24)

0.75 x 0.01 M + 2.9 x 107° x NO, x M

4.2.7 Building Stone, Concrete, and Masonry

Apart from the aesthetic effects to building materials through soiling due
to particulate matter, gaseous SO, and sulfates and nitrates dissolved in
precipitation are 1involved in the deterioration of several types of stone,
most notably marble and limestone. The natural weathering process, the
effects of moisture, freezing and thawing, and impurities present in the
materials themselves, tend to dominate the deterioration of the material.

For marble, the typical damage due to air pollution is manifested as sooty
encrustations of gypsum in areas protected from rainfall (Yocom, 1979). The
gypsum 1is the end product of the reaction of marble and gaseous SO2. These
encrustations slowly develop with time, obliterating details of the
structure. For limestone, SO, reacts with the calcite present in the stone
and the resulting product, gypsum, is readily washed away during precipitation
events. This also results in the pronounced loss of surface detail, most
noticeable on monuments and statuary. New information indicates that
carbonaceous particles may also play an important role in deterioration of
marble.

Few quantitive studies of air pollution damage to stone have been reported
although the increased rate of érosion. for marble tombstones in the wurban
environment of Edinburgh was observed as early as 1880 (Geike, 1880). A study
of tombstomes in U.S. National Cemeteries (Baer and Berman, 1981) has
developed a methodology for measuring damage to marble headstones exposed to

the environment for 1 to 100 years. Their data base consists of measurements
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of some 3,900 stones in 21 cemeteries distributed throughout the United
States. The factors affecting damage rates include grain size, total
precipitation, and local air quality.

In the United States, measured rates of marble deterioration have
generally been small, on the order of 2.0 mm per 100 years (Winkler 1982).
This is substantially below values reported for stones exposéd in urban areas
in Europe although direct comparison is difficult because the stones exposed
in Europe are generally more reactive.

R

Comparing the condition of similar samples of sandstone exposed in
different areas of ,Germany for about 100 years, Luckat associated 1large
differences in‘ observed deterioration with trends in 1local air quality
(Luckat, 1981; Schreiber, 1982). These results presented in Table 4-2
describe stones openly exposed to the environment. For similarly reactive
stones protected from the direct action of rain and placed at 20 locations in
West Germany, the following functions correlating reaction with SO emission

rate were obtained:

Baumberg sandstone U

0.54 D; r® = 0.92. (4-25)

Krensheim shell limestone U 0.22 D; r? 0.72. (4-26)

When similar test samples were exposed to the rain the following damage
functions were obtained:

Baumberg sandstone L =0.03D + 0.5; r? = 0.36. (4-27)

Krensheim shell limestone L = 0.018 D + 0.6; r? = 0.80. (4-28)
where:

U = SO, emission rate (uptake rate) of the stone in (mg/m~2d) 4~ '

D = SO, emission rate, IRMA measured valued (mg/m”%d) at

L = Loss in weight

Correlation coefficient

L]
1}
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TABLE 4-2

DETERIORATION OF SCHLAITDORF SANDSTONE EXPOSED FOR
100 YEARS IN WEST GERMANY (AFTER SCHREIBER 1982)

Relative SO.
Emission Rate,*

Monument Location mg m~ *-day Deterioration
Neuschwanstein Fussen 6 Practically none
Castle
Ulm Cathedral Ulm 48 Moderate
Cologne Cathedral Cologne 111 Very severe

*Relative emission or uptake rate of SO,, annual average (August 1973 -
July 1974).
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A series of measurements made at St. Paul's Cathedral, London on the
Portland stone (biosparite limestone) balustrade, demonstrate a high rate of
weathering (Sharp, et al. 1982). Using lead plugs filled in 1718 in openings
in the stone as base level references, a mean rate of lowering of 0.078 mm
yr‘1 was obtained for the period 1718-1980. The balustrade represent
conditions of exposed rain flow. Similarly, by use of a micro-erosion meter
(dial micrometer gauge mounted on reference studs) a current erosion rate of
0.139 mm/yr~' was obtained for six sites on the cathedral. These sites
represented drip erosion zones. Though the two sets of data are not strictly
comparable, both represent substantially higher rate of loss than observed for
marble in the United States.

Haynie (1982) conducted controlled chamber experiments to calculate the

effects of SO, on cement and marble. For white Cherokee marble, a damage

function relating erosion to pollutant concentrations was calculated:

E = -3.31 + 0.078 x RH + 2.95 x 10°® x SO2 + 3.33 x 107> x O3 (4-29)
where: E = erosion rate, um/yr
RH = relative humidity, %
SO; = concentration of SO, pg/m’
03 = concentration of Os;, pg/m®

The calculated erosion rates were very low. Using 80 percent RH, SO, levels
of 80 pg/ma, and ozone levels of 60 pg/m’, the equation predicts that
marble will erode only 1 mm in about 300 years. The pollutant effects on
cement could not be determined due to effects of moisture and temperature on
the weight of the samples.

Haynié has also analyzed the erosion of white Georgia marble exposed for 3
years in the St. Louis area as part of the EPA study performed by Mansfield
(1980). He found that erosion of marble was strongly related to the time of

wetness and developed a stoichiometric erosion rate for a marble surface
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taking into account the presumed effects of acid rain and sulfur oxides:

Em = Er + (17.6 + 5.34 SO0.)f (4-30)
where: Em = marble erosion rate (um/yr)
Er = erosion rate from rain, defined as 171 x R x exp(-2.3 pH)
where: R = annual rainfall (cm)

PH = pH of rain
SO, = flux of sulfur oxides (mg/cm’/yr)

f = fraction of time when wet

These damage functions relate sulfur oxides and moisture to SO, but do not
address the more pronounced and potentially more serious effect of

encrustation.

4.3 Uncertainties with the Physical Damage Function Approach

Most material damage functions currently available in the literature are
based on two different methods of study: outdoor field tests and laboratory
chamber tests. Field tests of materials are inherently representative of
actual exposure. However, they are compromised by the fact that most types of
damage are the result of a number of factors. Damage can be caused by
unreported pollutants, moisture, CO;, natural particulate matter, sunlight,
and other features of the test environment. Determining the isolated
influence of a single pollutant or class of pollutants in an ambient exposure
study is not a simple matter and spurious correlations can easily lead to
erroneous conclusions.

Chamber studies, where individual pollutants are introduced to sensitive
materials independent of other influences, have tended to be conducted at
unrealistically high concentrations or otherwise are not representative of

actual exposure situations. These types of studies are typically designed to
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demonstrate cause and effect relationships in a reasonable period of time, not
to mirror real-world conditions. Attempts to extrapolate these results to
ambient concentrations can produce damage estimates of questionable value.

A major source of uncertainty in the application of damage functions is
associated with the variations in types of materials or exposures tested
compared with those used or experienced in real-world applications. That is,
seemingly minor variations in surface treatments, in the composition of alloys
or mixtures used for determining corrosion damage functions, or in the manner
in which the sample is prepared for damage assessment can have a profound
effect upon the nature and extent of air pollution-induced damage to materials
indicated by the tests. General functions based on such data may not apply to
the specific situation being assessed.

In addition, there is uncertainty in the use of material damage functions
because of disagreements in the literature on the form of the functions
themselves. If separate studies yield results which are significantly
different yet nothing disqualifies one of them on technical grounds, the
potential user is uncertain as to which author's function to apply. A user
may have a preference for one function or another, but it is often difficult
to show that it is clearly superior on completely objective grounds.

One can summarize as follows the applicability and reliability of damage

functions:

¢ The damage functions for steel and zinc damage by gaseous
pollutants are well developed and documented.

¢ The present damage functions for paint are not adequate to
characterize damage definitively. Peeling and cracking as well as
erosion of the painted surface are the primary forms of damage
that are experienced in the real-world. These types of damage are
not adequately treated in existing calculations. The equations
typically lack climatic data such as heat, cold, sunlight, wind
and temperature which have an impact on the use life of a painted
"surface. 1In addition, the damage functions do not address many of
the new types of coatings currently available in the marketplace.
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e For the effects of gaseous and particulate acidic pollutants on
building stone (marble, limestone) and concrete, available
material damage functions are of limited usefulness either because
they do not address the full range of variations in materials or
because they are based on data of questionable applicability to
conditions in places other than where they were derived.

¢ The current damage function for the impact of ozone on rubber
appears to fit the existing data well.

e Available damage functions for soiling by TSP do not address the
effects of soiling on the range of colored materials of interest
and do not account for the range of self-cleansing mechanisms
(e.g., rain) that operate in real environments. However, as with
damage to paints, the existing soiling functions can be used to
provide approximate estimates.
For other demonstrative effects of pollutants on materials such as NO;
and dye fading, ozone and dye fading, and ozone and fabric deterioration,
available material damage functions are of limited usefulness either because

they do not address the full range of variations in materials or because they

are based on data of questionable applicability to conditions in the South

Coast Air Basin.

4.4 Acid Deposition and Material Damage

Acid precipitation, sulfate deposition, and acid fog represent relatively
"new pollutants" for material damage. There is only one published damage
function relating these parameters to material erosion or corrosion. The low
volume and intermittent nature of such damage agents make it difficult to
apply engineering studies of materials response to acid solutions directly to
ambient atmospheric conditions.

Yocom and Baer (1983) have reviewed the state of knowledge about the
effects of acid deposition on materials and cultural resources. Haagenrud,
Kucera, and Gullman (1982) reported on the results of a chamber study where
carbon steel and zinc specimens were exposed to simulated precipitation pH

values of 5.7, 4.2, 3.4, 3.2 and 2.7. Over the course of a chamber study of a
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few week's duration which featured six simulated rain periods (2.5 hours at 2
mm/hr) each week followed by intervening dry periods (10°C, 50% RH), weight
loss was monitored. For the carbon steel samples, there was no effect,
defined as no increase in the corrosion rate, with decreasing pH in the range
5.7 to 4.2. Below 4.2 at pH values of 3.2 and 3.4, the corrosion rate rose
sharply. At a pH of 2.7, the corrosion rate increased to a value 7 times
higher than at a pH of 5.7 or 4.2.

For zinc, the corrosion rate for pH exposure values of 3.2, 3.7, 4.2, and
5.7 were essentially equivalent. Corrosion rates for the =zinc, calculated
using the weight loss method, were four times greater at a pH of 2.7 than a pH
of 3.2.

Harker et al (1982) conducted a dynamic chamber study of the effects of
SO, and H:S04 (aerosol) pollutant induced corrosion of =zinc. The
results of the study indicated the principal factors affecting sulfur
pollutant—-induced corrosion to be surface wetness, pollutant flux 'to the
surface of the material, and the chemical form of the pollutant.

Harker found that with typical urban ambient pollution 1levels for SO:
and H,S0s (27 wug/m® and 15 pg/m3), SO, deposition was 30 times
greater than the deposition of H,S0s aerosol. In addition, it was found
that SO: induced corrosion of zinc proceeds at a rate approximately a factor
of two greater than that for the equivalent amount of deposited sulfuric acid
aerosol.

The work of Ateraas and Haageﬁrud (1982) on corrosion of metals in Norway
represents an attempt to propose a damage function to differentiate between
the effects of gaseous S0, and acidic deposition. However, it is uncertain
if the results can be applied directly to an analysis of damage elsewhere. 1In
the U.S., the Acid Deposition Task Force as part of the National Acid Rain
Assessment Program is currently conducting outdoor exposure tests for a wide

variety of materials but the results are not yet available.

-89-



4.5 The Application of Damage Functions Applied to Economic Estimates

A summary of the known air pollution damage to materials, various

causative agents, and the recommended damage functions for assessing the
Ndamage are presented in Table 4-3.

In all cases except for the metals only one material damage function
exists. For zinc and steel, a number of damage functions exists for specific
material types, such as =zinc, carbon steel, and weathering steel.

For =zinc, Haynie's 1982 damage function is selected because it
incorporates molsture variables, SO concentration, and a pollutant
deposition term keyed to the type of material application. Conceptually, this
approach is superior to those incorporating only pollution concentration and
moisture.

For other types of steel, the damage functions of Haynie and Uphan (1970a)
are selected. This selection is based on TRC's prior use of these functions
in a previous study for EPA.

For building stone, the only damage function available is for pollutant
effects (SO:) on marble. At the present time, damage functions do not exist
for limestone, concrete, masonry, or brick.

The evaluation of painted surfaces and subsequent economic analysis of
damage presents a special problem. Paint is widely distributed and commonly
used. The effects of the ambient environment on paint is a strong function of
the paint formulation and application (i.e., surface preparation and
thickness). The formulations varf from residentially used latex and oil based
types to aluminum and vinyl top coat systems used in the commercial/industrial
sector to the 1lead-silico chromate-linseed o0il alkyds, vinyl-lead silico
chromate, and inorganic zinc rich systems for highway and transportation
systems. As part of the survey in SCAB, paint retailers, industrial/

commercial maintenance groups and public works departments were contacted to
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obtain information on paint sales, routine maintenance practices, and
frequency of painting in various areas of SCAB. For the purposes of the
economic estimates latex paints were assumed to erode in the same way as
latex—acrylic paints, and the damage to all paint systems on metal substrates
in the commercial sector was assumed to be represented by the vinyl coating
system equation. Both of these systems are relatively pollutant resistant
compared to paints in wide use at the time of the original damage studies.
Recent paint formulations are likely to also be more damage resistant, and,
therefore may be well represented by the choice of these two paint systems.
Alternatively, if most paint systems are not as resistant as latex-acrylic and
vinyl coil coatings, then the damage calculations may under-estimate the total
pollutant induced damage.

Soiling of painted surfaces is another form of damage, however, it is not
an additive impact to paint erosion. In fact, as the paint surface erodes, it
sloughs off a portion of the soiling layer together with the paint surface.
Damage functions explicitly combining these two effects are not available,
however, damage functions for soiling alone are available. Two soiling damage
functions are selected for use in estimating the damage. For painted wood,
Haynie's damage function for soiling of acrylic emulsion paint is used. For
painted stucco, with its rougher surface and lower initial reflectivity, the
damage function for soiling of white asphalt shingles is used as an
approximation.

For elastomers, only one material damage function is available to assess
the effects of ozone. For ceramics and glass a damage function does exist to

quantify the effects of particulate soiling on exposed surfaces.
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5.0 COSTS OF AIR POLLUTION DAMAGE

5.1 Cost Estimate Basis

Several pieces of information are needed to estimate the incurred costs of

air pollution damage to materials. The necessary information includes:

e the distribution and exposure of materials;
¢ the ambient pollutant levels to which the materials are exposed:

e the rate at which damage is incurred as a function of pollutant
levels;

e the amount of damage that +triggers remedial actions, or
alternatively the actual frequency of maintenance in polluted
atmosphere;

e the costs of remedial or preventative actions; and

e if remedial action is not possible, an estimate of the wvalue
associated with the loss.

The distribution of materials in the SCAB 1is discussed at 1length in
Section 3. The pollutant levels in the basin are available from the
California Air Quality Data Summaries, and have been included on the projects'
data base as described in Section 2.2. Table 5-1 gives the pollutant
concentration data used in deriving the damage estimates. Only those statioms
reporting two or more years of data for each pollutant were included in the
data base and the concentrations used are averages of the reported annual
average concentrations. Both the materials distributions and pollutant data
are based on field measurements in the SCAB. Estimates of their reliability
can be defined, and, because they'have been measured in the SCAB, the data are
representative of —conditions in the SCAB. The remaining information
categories required to compile cost estimates for materials damage are based
on data of unknown representativeness. This section describes the remaining
information categories and presents estimates of the damage costs for

different classes of materials.
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TABLE 5-1
POLLUTANT CONCENTRATION LEVELS USED FOR CALCULATION OF MATERIALS DAMAGE

The Three-Year Average of the Reported Annual
Average Pollutant Concentrations (1978-81)

Station SO» (O TSP

Name {ppm) {ppm) (pg/m3)
L.A. Downtown .008 .034 93.3
Azusa .005 .041 156.3
Burbank .008 .033 -
North Long Beach .012 .014 101.4
Resida .005 .038 109.0
Pomona . .007 .035 -
Lennox , .009 .026 87.4
Whittier .009 .026 -
Newhall .008 .043 -

" ‘Pasadena-Walnut .009 .042 83.1
Lynwood .010 .013 108.3
Pico Rivera .006 .034 114.6
West L.A.-Robertson .007 .058 83.5
Mt. Lee .007 .058 83.5
Long Beach .032 - 71.8
Mt. Wilson - .063 -
Dominguez-Cal. St. .014 - 82.3
Harbor City .017 - 82.0
Anaheim .006 .019 88.8
La Habra .007 .021 100.6
Costa Mesa Harbor .004 .015 58.5
Santa Ana Police Sta. - - 82.5
El Toro - .025 75.1
Los Alamitos-Orange .007 .023 92.7
Santa Ana-Weir Canyon Rd. .003 .018 80.9
Norco Prado - .030 -
Riverside-Rubidoux .006 .039 146.9
Riverside-Magnolia .004 .030 111.3
Perris - .038 -
San Bernandino .005 .041 103.5
Redlands - .026 63.0
Rialto Airport .005, - 88.7
Ontario Airport - - 143.1
Upland Civic Center - - 97.5
Upland - ARB .007 .037 -
Fontana-Foothill .007 .048 113.4
Lake Gregory - .055 52.4
Yucaipa - .047 -
Upland-Post Office - - 101.6
Redlands-Univ. of Grove - .041 99.9
Fontana .007 - -
L.A.-North Main .009% .024 118.4
Glendora-Laurel .004 .042 98.3
Costa Mesa-Placentia .004 .021 83.1
Riverside-UCR WTHR - .040 -
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The rate at which damage 1is incurred is calculated from the materials
damage functions discussed in Section 4. Damage functions are available for a

limited number of materials which include:

¢ Bare steel

e Galvanized steel or iron

e Paints, erosion and soiling
e Marble

e Textile dyes

e Rubber

The application of some of these functions, however, is moot. Steel is
nearly universally coated in some manner to prevent corrosion. Therefore, the
use of damage functions for bare carbon steel or copper steel 1is not
appropriate because the actual surface exposed to pollutants is normally
painted. There are two notable exceptions where bare steel is exposed. The
first is for railroad track. Railroad track is generally uncoated steel and
is directly exposed to pollutant induced damage. The useful 1life of track,
however, is limited by wear and stress from railway traffic use, and not by
air pollution induced damage. Therefore, although it is possible to calculate
pollutant damage to railroad tracks, it is inappropriate to assume that this
damage leads to an economic disbenefit. The second exception to steel being
coated is the use of "weathering Eteels". Weathering steel 1s formulated to
rapidly produce a surface corrosion layer that offers significant protection
from subsequent corrosion. Weathering steel has been used primarily for
highway applications and as structural supports. Unfortunately, metal stains
caused by rain water run-off from weathering steel surfaces have been an

aesthetic problem, and continued use of weathering steel has not been
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widespread. While some weathering steel undoubtedly exists in SCAB, no
examples were found by the field survey or the telephone survey. For this
reason, no economic estimates are made for corrosion of weathering steel.

Elastomers are used primarily for automobile tires and for waterproofing.
The inclusion of antiozonants in rubber formulations, discussed in Section
4.2.5, has effectively eliminated pollutant induced damage as a use-life
limiting factor for tires. The cost of antiozonant compounds as a portion of
the total product cost at the retail 1level has been indicated to be
vanishingly small by tire distributors and manufacturers. The use-life of a
tire, if calculated from ozone induced sidewall cracking, would be at least
eleven years in the SCAB. Average treadlife of a tire is estimated to be
40,000 miles (based on distributor information) and, assuming that the wvast
majority of cars are driven more than 3,600 miles per year, the tire use-life
will be determined by tread wear, not sidewall cracking. The primary
construction use of elastomers is as waterproofing (normally for roofs)
applied either as sheeting or trowelled in place. The most common types of
waterproofing materials are polyvinyl chloride, polyethylene, neoprene, or tar
extended polyurethane, all of which are very ozone resistant.

The sole use of marble found in the basin was for tombstones. The vast
majority of cemetery markers in the basin are bronze or granite, however, in
at least the small, older cemeteries a small percentage of the stones are
marble. Approximately 750,000 markers are in place in the cemeteries
contacted during the telephone éurvey. An estimated 500 of these markers
(about 0.07 percent) are marble. Approximately half that number were cleaned
periodically with a cleaning/fungicide solution. Assuming one man-year per
year is expended basin-wide cleaning marble tombstones, a total estimated
cleaning costs would be less than $50,000/year. Some fraction of this cost

would be due to air pollution induced damage, the rest to fungus growth and
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soiling caused by lawn mowing, etc. These costs are minimal, and a more
rigorous investigation of marble damage is not warranted with the current data
set.

For galvanized steel, paint, textiles and soiling induced damage, the
damage functions can be used to estimate either the rate at which pollutant

induced damage occurs, or the portion of damage resulting from pollutant

induced degradation. The damage functions, as discussed in Section 4, are
from various studies, and represent different exposure modes and
climatological conditions. Stankunas, et al. compared calculated repainting

costs for SO; induced damage in metropolitan Boston based on two different
damage functions. The estimated costs were $31.6M and $0.83M (a factor of 38
difference) depending upon the damage functions used. Although their example
may be somewhat extreme, it does provide a quantitative illustration of the
dependence of the final economic estimates on the selection of the damage
functions.

Another crucial factor in determining the economic impact of pollutant
induced damage is the frequency of maintenance. Critical damage levels are
defined as the amount of damage that must be incurred for maintenance or
repair activities to be triggered. For example, galvanized fencing has a zinc
coating thickness of about 25pm. Because the =zinc electrochemically
protects the substrate steel, all 25um of =zinc must be removed before the
steel begins to rust. Therefore, the critical damage level for galvanized
steel is the removal of 25um of.zinc. The period required for this amount
of zinc erosion to occur can be calculated from the galvanized steel damage
functions, and thus the maintenance frequency can be estimated for various
pollutant levels.

The critical damage level approach must be applied with caution, however.

The "rule of thumb" for paint is that, when ninety percent of the thickness of
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paint has been eroded, repainting is performed. If the thickness of a typical
residential paint system is assumed to be about 60pm (Haynie, et al., 1976)
and the time to erode 54um of paint is calculated using the damage function
for oil based paint selected in Section 4, repaint frequencies on the order to
two years are predicted for the basin. Clearly, this is not reasonable based
upon common experience. The telephone survey results indicate that routine
repainting frequencies in the basin are on the order of seven years for
residential exteriors. The reason for this apparent gross discrepancy is not
clear. However it is known that the paint damage functions were developed
based upon chamber studies conducted at relatively high pollutant levels. The
applicability of chamber studies, using unrealistically high pollutant levels,
to real world exposure has always been somewhat questionable. In 1light of
these difficulties, another approach is required. Since typical repaint
frequencies are available from the telephone survey of paint distributors and
painting contractors, it 1is possible to calculate the total costs for
repainting in the basin, and then assign a portion of that cost to pollutant
induced damage Based on the damage function. This approach has been used for
the economic estimates of paint damage.

-Once the total area of each material type is known, and the frequency and
portion maintenance activities assignable to air pollution damage are
estimated, the final piece of information needed to make monetary estimates
are the costs of maintenance on a square foot of materials basis. Costs for
this project are estimated basea on a maintenance strategy, rather than a
replacement or neglect strategy. For exampie, once a galvanized fence has
deteriorated to the point where it begins to show rust (i.e., the critical
damage level has been reached), it is assumed that the fence is painted. The
alternatives would be to either replace the fence (more expensive), or to

allow the fence to continue to deteriorate (less expensive). Estimates of
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maintenance costs for this project are based on the Repair and Remodeling Cost

Data, Commercial/Residential (R.S. Means Co., Inc., 1983). The Means Company

provides cost estimating data for contractors and others interested in
construction costs. Maintenance costs estimates from the Means Company have
been adjusted to be 1979 dollars, based upon construction cost indices, and
have been adjusted to reflect labor and material costs in the basin by
applying the city cost indices for finishing work in Los Angeles. The values

used in the current studies are shown in Table 5-2.

5.2 Costs of Pollutant Induced Damage and Soiling on Painted Surfaces

The largest quantity of exposed material in the South Coast Air Basin is
paint on either stucco or wood and constitutes sixty-one percent of the total
exposed material. The functions for paint erosion were described in Section
4.2.3 in equations 4-16 through 4-18 where the independent parameters include
S0, and O3 concentration, available from air quality monitoring stations,
and relative humidity. The annual average relative humidity only ranges from
about 60 to 70 percent across the basin (Keith, 1981). Countywide averages of

relative humidity were developed as:

Los Angeles County 67%
Orange County 70%
Riverside County 60%
San Bernadino County . 60%

These average relative humidities were used to calculate time of wetness based

on equation 4-15.

The telephone survey indicated that the average exterior repainting

interval in the basin for residential homes 1s approximately seven years.
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TABLE 5-2

ESTIMATED COSTS OF MAINTENANCE PER SQUARE
FOOT OF EXPOSED MATERIAL (R.S. Means Co., 1983)

Item 1983 Cost 1979 Adjustment
Painting Stucco (Primer +1 Coat) .56 467
Painting Metal Building 4,03 3.365
(Remove existing paint, primer
+2 coats)
Chain Link Fence. .92 .768

(Paint both sides)

1979 cost = 1983 cost x I x C

.743, Nationwide Construction Cost Inflation Factor
1.124, Los Angeles Labor and Materials adjustment factor
finishing work.

where 1
C
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Further, the survey found that paint sales for exterior residential use are
divided about eighty percent for 1latex and twenty percent for o0il based

paints. The total cost for repainting due to pollution, T, is given by:
T = PChA {(5-1)

where P 1is the ratio of the predicted erosion rate due to pollutant
concentrations to the total erosion rate (based on equations 4-16 and 4-18), A
is the painted area, and Ca is the annualized cost for repainting (i.e. the
total repainting costs from the Mean's Co. cost data divided by the repainting
interval). The annualized wall painting cost is about $0.067 per square
foot. P, the ratio of the predicted pollution induced erosion rate to the
total erosion rate, 1is calculated on a tract by tract basis. The lowest
observed three-year average pollutant concentration levels (see Table 5-1) are
used as background pollutant levels for this calculation. The background
level for SO, is taken as .003 ppm: and the background level for Oz 1is
taken as .013 ppm. Equations 4-16 and 4-18 are then solved for pollutant
induced damage using the anthropengenically induced pollutant levels (assumed
to be the three-year average pollutant level interpolated for each tract minus
the background pollutant level) and setting the non-pollutant concentration
containing terms in these equations equal to zero. These results are then
divided by the total predicted damage using all terms in 4-16 and 4-18
equations and using the interpolated tract pollutant concentrations. This
yields the proportion of damage dﬁe to anthropenquenically produced pollution,
P. Both total cost estimates and the costs per housing unit based on solving
equation 5-1 across the entire basin are shown in Table 5-3. Note that high
ozone levels combine with high usage to make latex paint damage substantially

more significant than damages to oil based paints.
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TABLE 5-3

YEARLY COSTS (1979 DOLLARS) FOR AIR POLLUTION
INDUCED DAMAGE TO PAINTS FOR RESIDENTIAL STRUCTURES IN THE SCAB

Paint Type Total Cost Cost/Residential Unit
{(Million $) (Single Family &
Multi-Unit Dwellings)

Latex 38.2 13.40
01l 2.2 0.75
Total 40.4 14.15

-103-



For all exposed steel, and iron or metal clad buildings in the commercial
and public sectors, (excluding galvanized steel) it was assumed that vinyl top
coat systems were used to protect the substrate. Equation 4-17 was used to
develop damage estimates for the commercial sector. The telephone survey
results indicated that the repainting interval ranged from four to more than
twenty years for commercially exposed steel. The very short intervals seem to
be for corporate signs, or other special uses where aesthetics are especially
critical. The repaint interval selected for the economic analysis 1s fifteen
years, and appears to be reasonable for most uses. For commercial structures,
it was assumed that existing paint is removed, and a primer and two coat
system is applied. Based on Mean's data, this process acts about $3.36 per
square foot on an annualized cost of $0.24 per square foot to maintain
commercial sector painted metal surfaces. Multiplying the figure by the
portion of damage due to sulfur dioxide and the total exposed painted metal in
the commercial sector yields a cost of $45,000 per year attributable to sulfur
dioxide for maintaining these structures. The relatively low cost 1is because
vinyl top coat systems are quite resistant to pollutant induced damage, and
the total area at risk 1s far 1less than painted areas for residential
structures.

The amount of soiling is computed from equations 4-19 and 4-20 to predict
changes in reflectance. While many socio-economic factors control the ability
and motivation to maintain clean surfaces, estimates of repainting costs have
been made assuming reflectance of the surface is a criterion a houseowner uses
to repaint.

In order to estimate the total cost of soiling damage to painted surfaces,
a repainting interval of seven years was used, consistent with the previous
analysis. Eguation 4-19 is applied to painted wood surfaces (high initial

reflectivity) and 4-20 is applied to painted stucco and brick (moderate
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initial reflectivity). TSP concentrations in the basin range from 52 to 156
pg/m®>  from Lake Gregory to Azusa, respectively. If 52 jug/m®  is
assumed to be the naturally occuring background particle loading, then levels
above 52 ug/m’ are taken to be anthropogenically induced loading, i.e.,
pollution. On a tract by tract basis, using the interpolated TSP levels for

each tract, the portion of soiling over and above the background soiling can

then be calculated. The total cost of soiling can then be evaluated is:
T = SCa A (5-2)

where S is the proportion of soiling predicted over and above the background
induced soiling; Ca is the annualized reprinting cost per square foot based
on the means data and the seven year repaint interval, and A is the area of
painted material. The above equation is evaluated twice for each tract, once
for painted wood and once for painted stucco and brick. The annualized cost
of soiling is thus computed to be about $44 million, or comparable to the cost
estimated for paint erosion damage.

There is no damage function that combines the effects of both soiling and
the erosion of paint by pollutant gases. One would expect that damage from
SO2. and other acidic components that erode the paint's surface would tend to
inhibitkthe build up of particulate matter that would decrease reflectance.
Thus, the effects of soiling and erosion are not additive. However, one must
remember that the soiling damage function was based on exposure of various
materials in the area around Birmingham, Alabama in the early 1970's (Beloin
and Haynie, 1975). Thus, the resulting soiling of material surfaces (decrease
in reflectance) represented the integrated effect of particulate matter, SO:
and other pollutants, and other environmental factors characteristic of that
area at that time. If the presence of SO. caused some erosion of the soiled

surface, this effect would be included as part of the damage function.
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TABLE 5-4

RESIDENTIAL SURFACE AREA (ft* x 10°) FOR PAINTED
STUCCO AND PAINTED WOOD

Pollutant Concentration Painted Stucco Painted Wood
NO. (PPM)

.025 - .05 24.6 16.8

.05 - .075 31.2 20.3
.075 - .100 1798.5 886.8
.100 - .125 : 34.2 23.4
.125 - .150 293.7 176.2

NOs (ug/m’)

6 — 8.25 42.21 28.8
8.25 - 10.5 1846.50 918.6
10.5 - 12.75 293.58 176.4
Oz (PPM)

.013 - .023 114.6 76.3
.023 - .033 348.1 212.2
.033 - .043 1719.6 835.1
SOz (PPM)

.003 - .006 1799.8 885.8
.006 - .009 375.8 232.8
.009 - .120 4.9 3.8
.120 - .150 1.7 1.2

SOa (ug/m®)

8§.5 - 11 60.4 40.1
11 - 13.5 2120.2 1082.5
13.5 - 16 1.7 1.2

TSP (ug/m’)

52 - 73 74.3 51.0
73 - 94 369.2 224.2
94 - 115 1738.8 848.5
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TABLE 5-5

DISTRIBUTION OF PAINTED STUCCO AND
PAINTED WOOD BY COUNTY (ft? x 10°)

County Stucco Wood
Los Angeles 16.81 8.17
Orange 3.36 2.12
Riverside 0.72 0.61
San Bernadino 0.92 0.50
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However, the relative importance of any such effect may not be characteristic
of conditions in the SCAB. Large variations in predicted damage rates and
economic impacts can arise as a result of selecting different materials damage
functions.

Currently, CARB 1is sponsoring research to develop materials damage
functions specific to California's environment. In order to facilitate
recalculation of the damage estimates presented here, the amounts of
residential painted surface exposed at different pollutant levels have been
summarized. The results are seen in Table 5-4. The table shows that the
majority of the painted material as exposed to high ozone and TSP
concentrations and low sulfur dioxide levels. The distribution of stucco and
wood by county is shown in Table 5-5 and can be used to develop gross
estimates of damage if desired.

Commercial structures that are painted stucco or wood are assumed to have
the same repaint frequency as residential structures. For the SCAB, the
repaint cost estimates based on residential structures can be increased by
about 2 to 3 percent for stucco and by 3 percent for painted wood to include
the quantities from commercial structures.

.In summary, the damage to paint in all sectors is estimated to be about
$43 million per year as the result of the presence of ozone, and sulfur
dioxide. Estimates of repainting due to soiling are about $44 million per
yvear. These numbers are not additive. Using the larger figure and estimating
the population in the basin as eieven million people, the cost can also be

represented as approximately $4 per capita per year.

5.3 Costs of Pollutant Induced Damages to Galvanized Surfaces

There are approximately 2.00 x 10° square feet of galvanized f£fencing,

mostly as chain 1link fence in highway and residential uses, in the SCAB.
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Approximately one half this amount is along highways and has been estimated
from the telephone survey results, the remaining area is residential and
commercial usage. The telephone survey did not determine the geographical
distribution of highway fencing, and for this reason, the distribution has
been treated as uniform across the basin. In reality more galvanized fence
may be used in densely populated areas, which also have higher sulfur dioxide
levels. Thus the estimates of costs for damage to fences may be
underestimated. An average sulfur dioxide level for the basin for the period
1978-1981 was 0.008 (about 21 ug/m’) ppm and an average relative humidity
of 65 percent (resulting in a time of wetness equal to about .31 years/year
based on equation 4-15) were used for these calculations. The predicted
erosion rate of galvanized coatings exposed at the background SO
concentration of .003 ppm is estimated as 0.85 pupm/year, and in the actual
environment as 1.04 um/yr based on equation 4-14. If the thickness of
galvanized coating of fencing is assumed to be 25 wum, then expected
maintenance intervals are 29.4 years and 24.1 years at background SO: levels
and in the actual environments, respectively. If painting both sides of the
fence is the selected maintenance procedure, the costs are $0.77 square foot
based on the Means costs data. Thus, on an annualized basis the costs are
about $.032 per square foot ($0.77/24.1 years) for a total annual maintenance
cost of $6.,400,000. If 0.18 of the total damage to galvanized fencing
[(1.04um/yr - 0.85pm/yr)/1.04um/yr] is induced by SO:. Then the
estimated annual cost of 8O0: dahage to galvanized fences 1is approximately
$1,169,000. It must be recognized, however, that not all galvanized fences
have been in place for 24 years in the basin, and that these predicted
maintenance costs have not actually been expended, although the damage has

presumably been incurred.
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Similarly, costs can be predicted for SO; induced damage to large
galvanized surfaces, e.g. guard rails, electrical transmission towers, and
roofing. There are about 0.64 x 10®° square feet of these materials exposed
in the basin. Predicted erosion rates for large surfaces are 0.79 pm/yr and
0.89 um/yr in a background concentration level SO, environment and in the
actual environment, respectively. Thus about 11 percent of the damage to
these surfaces can be attributed to SO.. If the original coating thickness
is assumed to be equal to the ASTM standard for electric transmission lines,
88 um, then the predicted maintenance interval is 99 years. This 1s a very
long maintenance interval, and it may be reasonable to assume that the
use-life of this type of galvanized is determined by economic factors (e.g.,
replacement due to new construction) rather than by surface erosion. Assuming
maintenance involves removing rust, priming and two coats of paint ($3.36 per
square foot) for the surfaces, the annualized maintenance cost is about $0.034
per square foot. This yields a total, annual SO, induced damage cost for
large galvanized surfaces of $240,000. These expenditures will not have been
made because the critical damage level will not have been reached (i.e., no
galvanized steel has been in place for 99 years), however the damage has

presumably been incurred.

5.4 Other Damage Costs

The painted surfaces represent about approximately 61 percent of the total
exposed building material in the SCAB. Windows constitute an additional 20
percent. The remaining materials of significance are brick (5%), concrete or
reinforced concrete (10%). Damage functions applicable to these materials are
not available. However, the major damage to these materials appears to be
soiling. In the case of glass, routine maintenance is generally undertaken by

either the individual homeowner or by the owners of the commercial buildings.
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The other materials are not normally cleaned on a routine basis. No damage
function for window cleaning is available. Based on census data, there were
31 firms with 219 employees and a payroll of $1.1 million that clean windows
in the SCAB. The total revenues (payroll, overhead, profit, etc.) would be
higher. However, a portion of the soiling is also due to natural sources.

Soiling an automobile can be attributed to natural, airborne soiling, and
transportation related soiling. In the SCAB, these are 297 car washes with
4,260 employees and an annual payroll of $28.3 million. Again, total revenues
would be higher. In addition, a large number of automobile owners will wash
their own cars.

The outdoor exposure of permanently placed fabrics is quite limited in the
basin. Awnings tend to be painted metal, rather than cloth, and only one
example of outdoor exposure of cloth was reported. Obviously, soiling of
clothes occur. No estimate was made of these costs due to the 1lack of
previous studies and to the large number of reasons that would require clothes
to be cleaned. For this reason, no estimates of damage to fabric has been
made, although it is probably safe to assume that the overall cost impacts are
low.

Likewise, no examples of outdoor art work were found in the field survey.
Telephone conversations with the Getty Museum indicated that they have a few,
minor pieces exposed outdoors. In ongoing work for the National Park Service,
as part of the National and Deposition Program, TRC has found that the average
cost to clean a bronze statue is ;pproximately $5.500, and that this typically
occurs no more than every five years (or, for many pieces, never at all). If
an annual cost of $1,100 per statue per year is assumed, and an estimated
twenty-five statues per year are cleaned, the costs are only $27,500 per
year. Most other pieces of art work are protected indoors, and no estimate

‘has been made of pollution damage to materials located indoors.
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6.0 SUMMARY AND CONCLUSIONS

A study of the South Coast Air Basin (SCAB) was made to estimate costs
associated with air pollution induced materials damage during the period
1978-1980. The study developed an inventory of the exposed materials and an
estimate of the additional maintenance costs of damage and soiling to selected

materials. The following conclusions are the result of the study:

1. The materials inventory assembled for the South Coast Air Basin
is based on a combination of readily available data, field
surveys and telephone surveys. This multipronged approach makes
efficient use of resources and permits reliable estimates of
materials in place to be assembled. The methodology should be
readily transferable to other locations.

2. Extrapolations of materials based on an exhaustive census of
total housing units and businesses appear to be more reliable
than estimates based on material densities (i.e., the square feet
of exposed materials per square feet of land area). This is
because there is greater variability in the density of buildings
from urban to rural areas, than there is in the amount of exposed
material per building. For example, both urban and rural areas
may contain refineries in regions classified as industrial
land-use. The total exposed materials for two refineries of
similar capacity are 1likely to be similar, while the material
densities for the refineries and their surrounding areas
classified as  industrial land-use will be significantly
different. Therefore, to extrapolate materials in place beyond
the immediate region of the survey, 1t is more reasonable to
count the total number of refineries and extrapolate, than to
extrapolate based on an estimate of the number of square feet of
exposed material per refinery type land-use area. Fortunately,
the U.S. Census Bureau and several private agencies maintain
detailed records of the number of housing units and the numbers
and types of business, farms, etc.

3. On a gross area basis, as well as for most types of materials,
the residential sector dominates the commercial/industrial and
public sectors. The notable exceptions are for masonry (brick
and stone), concrete, and metals. Approximately seventy-two
percent of the total exposed materials are in the residential
sector in the basin.

4. Paint, as painted stucco and painted wood, dominates the exposed

surface area, accounting for about sixty percent of the total
exposed materials. Latex paint accounts for most of this area.
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Damage functions are available for a limited number of materials,
and their applicability to environmental conditions in the South
Coast Air Basin has not been generally demonstrated. Common
materials for which damage functions are not available include
glass, brick, concrete and tile. The damage functions for paint
selected for this project are based upon results of chamber
studies performed at elevated concentrations. While they are
useful for estimating the portion of damage due to pollutants,
these functions cannot be used reliably to estimate total damage
in the real world. The damage function selected for galvanized
steel agreed reasonably well with the limited field measurements
collected for loss of thickness of zinc on transmission towers.

Estimates of the incurred damage costs, based on a maintenance
strategy, are presented below. The estimates have been made
based on the survey of materials in place (presented in
Section 3), materials damage functions (presented in Section 4)
relating pollutant 1levels to rate of damage, and the observed
pollutant levels and estimated costs of maintenance per square
foot of material exposed (presented 1in Section 5). These
estimated costs include the cost of the increased freqguency of
painting various building structures and fencing due to pollutant
induced damage estimated from the damage function presented in
Table 4-3 and the estimated costs for cleaning cemetary markers
and statuary: other cleaning and maintenance costs have not been
included. Other aspects of economic loss, such as preventative
maintenance costs, substitution of more resistant materials,
replacement costs, and aesthetic losses are not contained in
these estimates. The figures are 1in 1979 dollars and are
estimates for the damage to materials in place in the basin circa
1979. Further, inadequate data exists to quantify the potential
errors associated with these estimates, and caution should be
applied in using these figures for quantitative purposes.

Incurred Pollutant

Materials

Elastomers

Marble

Textiles

Latex Paint

Induced Damage Costs

Minimal
< $50,000/yr

Minimal

$38.2 million/yr
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Comments

Protected by addition of
antiozonants.

Cost of cleaning cemetery
markers and incidental
monuments.

Negligible use of tex-
tiles in permanent
outdoor exposures, and
most textiles use-life
limited by non-pollution
wear.

Residential plus
commercial/industrial,
public sectors.



Materials

01l Paint

Vinyl Top
Coat Paint

Soiling (Stationary.
Painted Surfaces)

Galvanized Fence
Other Galvanized

Outdoor Statutory

Incurred Pollutant
Induced Damage Costs

$2.2 million/yr

$45,000/yr

$44 million/yr

$1,169,000/yr
$240,000/yr

$27,500/yr

Comments

Residential plus
commercial/industrial
public sectors.

Commercial/industrial and
public sectors.

Not additive to paint
erosion damage as
calculated for the above
three items.

Total (approximate)

$42 million/yr

Excludes soiling to paint
as distinct from erosion
to paint.

There are approximately eleven million people in the South Coast

Alr Basin, therefore this is about $4 per person per year.
are dominated by the predicted erosion damage

and/or soiling of surfaces.

Costs
to latex paint

The lack of preciseness in the damage

functions precludes estimates of the variability of the costs.

7. Several

assumptions

and extrapolations
estimate and have been noted throughout this report.

into this
The quality

have entered

of the information required to make the estimates 1s summarized

below:

e the

distribution and

exposure

materials was developed

specifically for the SCAB and is representative of the basin.

e the pollutant levels and climatological data for the basin have
been subject to external quality assurance, and are of known
high quality.

® the applicability of damage functions to exposures in the basin

1s uncertain.

Selection of different damage functions can lead

to large differences (more than an order of magnitude) in the

predicted damage

rates.

Further,

no damage functions are

available for several common materials, and estimates of damage
to these materials have not been possible.

e the

critical

damage

levels are

generally poorly defined.

Surveys of actual maintenance frequencies appear to be more
reliable for estimating maintenance costs.
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e the costs of maintenance are available from survey data and from
commercial estimating firms. These estimates, on average, are

probably fairly reliable although costs for individual projects may

vary widely.

e finally, costs of replacement where maintenance is not possible,
have not been included for this estimate. All costs for this
program have been based on a maintenance strategy and estimates for

processes like textile dye fading (where maintenance cannot be done)

have not been made.

In summary, the cost estimates presented are subject to wide error bands.
Significant classes of materials have not been included in these estimates
(such as damage to concrete and soiling of windows). Therefore, it is likely
that the estimated costs represent a minimum of the increased costs of

material damage from pollutants, and that the actual costs may be

significantly higher.

-115-



7.0 RECOMMENDATIONS

Based on the work performed for this project, the following

recommendations are presented for further studies:

1. The extrapolation of materials in place using land use data
produces unreliable results. Future material surveys will produce
better estimates 1if extrapolations are based on the absolute
number of Thousing units and businesses in various census
categories.

2. On a gross area basis, and an incurred damage cost basis, latex
paints are the most significant material to which damage 1is
incurred in the SCAB. Careful study of a variety of available
formulations of latex paint should be undertaken to refine the
potential range of costs associated with these materials in the
SCAB. Further, it is recommended that these studies be done in
the SCAB to ensure the representativeness of the results to the
basin's environment.

3. Damage estimates for glass, concrete, brick and tile were not made
because no damage functions or critical damage levels have been
established for these materials. Research to develop these
relationships should be initiated, and the results of the research
combined with the estimates for total areas of these materials
presented in this report to produce economic estimates.

4. No estimate has been made of pollutant induced damage to materials
in the indoor environment. Research should be carried out to
establish these estimates, such as:

e TIndoor pollutant levels attributable to outdoor concentrations
and indoor sources.

e Critical damage levels associated with pollutant induced damage
for "indoor materials" (e.g., paper, electronic components,
etc.)

5. No damage estimates were made for acid deposition due to the
current lack of acid deposition damage functions. Damage
functions applicable to acid deposition phenomina should be
developed, and, if significant damage is expected, estimates of
the costs of acid deposition induced damage should be compiled.
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APPENDIX

TELEPHONE SURVEY INSTRUCTIONS
AND
GROUPS CONTACTED






1)

2)

3)

4)

TELEPHONE SURVEY - Instructions to Surveyor

Contact highway and public works departments:

information on:

— amount of chainlink fencing (length and type of fence
- amount and type of guardrails ("w'" and cable)
- types of materials and coatings

COR10 steel
galvanized

painted galvanized
aluminum

painted (baked on)

(28R 200 2K 2N 4

*Any information of # of gallons of paint used each year.
information on structures, signposts, poles
— # of structures

-~ types of materials and coatings
- maintenance practices

Call California DOT

obtain highway bridge inventory

need location, type of bridge, length of bridge

what are maintenance practices and maintenance schedule

obtain info regarding Item #l above

maintenances practices (i.e., type of paint, surface preparation, etc.)
vary in different parts of SCAB?

Contact electrical utilities

find the number and type of electrical transmission towers (either poles
or lattice), painted steel, bare steel, on galvanized steel; the size
and number of switch yards and maintenance/replacement/repair practices)
obtain information on the number, size, and maintenance practices for
storage tanks (most California utilities have predominantly oil fired
capacity)

contact the phone company and radio/television stations (perhaps a trade
organization)

Contact railroad companies

obtain information on the number of miles of track (Class I & II)

obtain information on the number and type of bridges and material of
construction

what are maintenance practices; what types of coatings are used



5)

6)

7)

8)

9)

Contact water and o0il (bulk storage) firms

® obtain information on the number, sizes of tanks, amount of chain link
fence (length and height) amount of exposed piping

¢ obtain information on the material of construction, maintenance
practices, types of coatings

Contact wholesalers, contractors (major), and distributors of fencing,
paint, and building materials

® how much chainlink fencing is sold?

¢ how much chainlink fencing with vinyl coating is sold?

® how often do people paint (residential structures, commercial,
industrial sectors)?

¢ how much and what types of paint are sold annually (alkyd, latex, oil,
specialty coatings)?

® how much aluminum and vinyl siding is sold?

® any maintenance or replacement practices for these materials?

¢ what 1is perceived effect of air pollutants and their effect on the
durability?

® are paints and other coatings specially formulated or blended for use in
SCAB?

Contact motor vehicle department to find the total number of:

e trucks
® buses
e auto (private and otherwise)

registered in SCAB in 1978-79-80.
Contact tire distributors to determine

e the number and type of tires sold

® special autiozonaut protect (this may only be available from a trade
organization on a national basis)

Contact cemeteries and cemetery association

obtain information on the number of monuments, spacing
most common monument size and material

portion of monuments that are marble

structures and chainlink fencing

maintenance practices for materials and monuments



The following cities, agencies, and companies were contacted:

California Transportation Department, District 7
Long Beach

Los Angeles

Pasadena

Riverside

A A Pacific Fence Company
Alcan Siding Company
American Tire Warehouse
Atlantic Richfield Company
Benjamin Moore Paint Company
Built-rite Fence Company
Commercial Chemical Company
Edgington 0il

Griffith Company

Lechleiter Fence Company
Mark C. Bloome

Scotch Paint Company

‘Shell 0il Company

Southern Pacific Transportation Company
Spectrum Paints

United Steel Fence Company








