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ABSTRACT

In-situ environmental exposure tests were conducted at nine
proposed intermediate~temperature Industrial Process Heat (IPH)
sites. Three types of reflector materials were evaluated for
survivability at the nine sites: second-surface silvered glass,
aluminized acrylic FEK-244 film on aluminum-substrate, and Alzak
(electropolished dluminuwn) on aluminum cubstrate. Rlack chrome
absorber material and low~iron float glass were evaluated for
thermal, photochemical, and environmental degradation. The
reflector specimens were monitored for decreases in specular and
hemispherical reflectance due to séil buildup. The absorber
material was evaluated for changes in solar absorptivity and
emissivity, and the float glass was monitored for changes in
transmissivity. Surface and subsurface defects on all materials
were examined microscopically and, where deemed of note, were
documented photographically.
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PREFACE

This final contract report is being issued in two volumes - Volume I,
which is a condensation of all results and conclusions, and Volume II, which
contains all data, results, and conclusions. This was deemed necessary
because of the large amount of data in Volume II, which is of more interest
to persons conducting research in related areas than to the césual reader.

The effort described herein was performed by the McDonnell Douglas Astronautics
Company for The Sandia National Laboratories, Albuquerque, New Mexico, in

accordance with Céntract 13-0261.
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SOLAR COLLECTOR MATERIALS EXPOSURE TO
THE IPH SITE ENVIRONMENT

Introduction

In 1976, the Office of Conservation and Solar Applications of The Deﬁart—
ment of Energy (DOE) undertook the design (Phase I), construction (Phase II),
and operation (Phase III) of a series of/field experiments to investigate the
application of solar thermal energy‘systémS‘to the industrial process heat (IPH)
matket. Experience gained from the operational phaée of the initial series of
field experiments in the hot-water and the drying-dehydration cycles of'the IPH.
program indicated that the environment of the industrial site might interfere
with the proper optical functioning of solar collectors. Certain effluents,
contaminants, and pollutants characteristic of the industrial environment could
seriously degrade the optical properties of solar collector reflector and

receiver materials.

During 1979, DOE instituted a test program to provide early indication of
serious environmental degradation of the optical properties of reflector and
receiver materials at industrial sites selected for future solar IPH experi-
mental projects. Sandia Naﬁional Laboratories is managing the program, and
the McDonnell Douglas Astronautics Company is doing the actuél testing. This
final report has been prepared to disseminate test results and to describe

problem areas encountered at the field experiment sites.

Technical Approach

At the inception of this materials exposure test program, conceptual
design studies (Phase I) for seven candidate solar project sites had recently
been initiated under the IPH field experiment program. The original design
concept for all these project sites was to use concentrating line-focus solar

collectors to supply steam at intermediate temperatures (300° to 550°F) to



the industrial process at the site. Subsequent cancellation of contracts for
construction and installation (Phase II) of two of these seven sites had no
effect on the operational philosophy adopted for conducting the materials
test program: the number of sites to be monitored during the initial phase
was simply reduced to five. Four additional sites were subsequently added to
the program. All these sites were candidates for the next cycle of DOE IPH
field tests.

The influence that the environment at the industrial site had on collector
performance was evaluated by monitoring the change in optical characteristics
of typical reflector and receiver material specimens exposed on site. During
the exposure period, the specimens were not cleaned, either artificially or
intentionally, the only. cleaning being that which occurred as a result of

" natural cleaning forces, e.g., precipitation.

Test Specimen Materials

Initially, three reflector materials were selected for exposure testing.
Two of these, electropolished sheet aluminum such as Al;ak and the thin
aluminized acrylic films such as FEK-244, were chosen as being representative
of the near-term trend in reflector materials for concentrating line-focus
collectors. The Alzak and FEK-244 reflectors were both bonded to 0.125-in.-
thick aluminum éubstrates to enhance the dimensional étability of the specimen.
surface. The third group consisted of glass reflectors, on which three
different types of rear-surface protective coatings were applied. These
were (1) an Imron polyurethane enamel, (2) an adhesive-backed vinyl coating,
and (3) a two-layer epoxy system, which used an initial primer coat and a top

coat of paint. All reflector specimens were 6x6-in. flat plates.

Receiver test specimens consisted of a 2.5x5.5-in. flat absorber specimen
plated with a black chrome coating and a 6x6-in. clear, low-iron, float-glass

cover plate representing a receiver envelope.

Appendix A gives a more detailed description of specimen fabrication.

'



Test Specimen Orientation

Although all the initial series of solar projects used single-axis track-
ing collectors, it was felt that movable or rotating test specimens represented
an unnecessary complication, and that adequate simulation could be achieved
by using stationary specimens. Reflector specimens were exposed in three
orientations: (1) 45° tilt from the zenith toward the southern horizon,

(2) horizontal, faceup, and (3) horizontal, facedown.

Receiver specimens were mounted in an enclosed box structure that con-
tained heating elements encased in an aluminum bar. The absorber -specimens
were clipped to the bar. The gléss covers were mounted in the box 1lid over
the absorbers. This heater box was attached to the exposure test rack so
that the full complement of receiver specimens at each site (fodr absorbers
and four glass covers) was oriented in the 45° tilt from the zenith toward

the southern horizon.

Exposure and Retrieval Procedures

It was considered desirable, for an initial test program, to provide &
12-month data accumulation phase, with test specimen retrieval spaced over
this interval to evaluate seasonal influence as well as the progression of
environmental effects. A full complement of 108 mirrors provided monthly

retrieval of reflector specimens of each material and from each orientation.

All 108 reflector specimens were mounted on the test rack at the begin~
ing of the test. Following 1 month of exposure, a sample of each of the '
three material types was removed from the three exposure orientations. Each
retrieval included nine specimens, which were returned to tﬁg contractor for
evaluation. Following evaluation, the samples were archived. The second set
of samples was removed after 2 months of uninterrupted exposure and was
returned to the contractor for evaluation and archiving. This procedure was

followed for 1 year, with the 12th retrieval consisting of nine specimens that

had been exposed for 12 continuous months, : T



Figure 1 illustrates the test rack. This design facilitated packaging
and shipment to sites disassembled, -and provided ease of assembly and‘erection
on site. The project relied upon the voluntary cooperation of the solar
project contractor or the site owner or both for the retrieval on schedule

and the return of test specimens to the contractor by mail.

As-previously described, four black chrome absorber specimens and four
glass cover plates were exposed at each site. The absorber specimens were
each mounted on a timer-controlled heating element contained within a box
structure that attached to the test rack in the 45° tilt orientation. The
glass cover plates were mounted in the box 1id._ The box structure did not
form a dust-tight seal, thus it was répresentative of ‘contemporary nonevacuated-
‘type receivers. Figure 2 illustrates the heater box with specimen complement.
A clock-driven timer provided a 12-hour, diurnal, thermostat—controlled heating
cycle to 450%50°F for the absorber specimens. Maximum current capability of
‘the heater circuit automatically limited the maximum temperature of the absorber
specimens to approximately 520°F, Retrieval of the recelver specimens was
scheduled to occur at the end of the 2nd, 6th, 9th, and llth months following

original exposure.
Test Sites

The initial series of exposure test sites was determined by the Phase 11
awards of the Intermediate—Temperatufe Steam IPH Solar RFP. These five sites

were:

1. Dow Chemical Company
Dalton, Geurgia

2. Lone Star Brewing Company
San Antonio, Texas

3. Soullern Unicn Refining Company
Lovington, New Mexico

4, Stauffer Chemical Company
Henderson, Nevada

5. Ore-Ida Foods, Inc.
Ontario, Oregon



Figure 1. Expasure Rack. Used in environmental degradation stucy of mirror surfaces. A — Receiver specimen
test unit. Reflector exposure planes: X —45° upward ilt; Y — horizonta , faceus; Z — horizontal, facedown.






A second series of experiment sites was used approximately 6 months
later. These sites represented the four Phase I projects selected in response
to the Intermediate-Temperature, 50 000—ft2, cost-shared solar thermal system

Program Opportunity Notice (PON). These four sites were:

1. Bates Container Company
Ft. Worth, Texas

2, Caterpillar Tractor Company
San Leandro, California

3. Hilo Coast Processing Company
. Pepeekeo, Hawaii

4. U. S. Steel Chemical Company
Haverhill, Ohio

Test Protocol

Environmental degradation effects for the reflector, receiver, and glass
cover plate mdterials were monitored by (1) evaluating changes in specified
optical properties, and (2) photomicrographically examining surface and sub-
surface defects of the candidate materials after exposure to specific
environments. Figure 3 shows:-the test protbcol for these cleaning materials,
and the specific cleaning and evéluatiqn procediures are described in the

following paragraphs.

Specimen Cleaning Procedures

The specimen cleaning procedures specified in the materials test program
were selected from the results of a study of cleaning solutions and techniques
completed by McDonnell Douglas Astronautics Company - Huntington Beach,
(MDAC-HB) for Sandia National Laboratories, Alburquerque (SNLA).] The study
evaluated the effecfiveness of cleaning tcchniques that rould be applicable to
solar collector fields. Some techniques studied were barrier coatings, high-
pressure sprays of water or detergent solutions or both, ultrasonic cleaning,

and low-pressure detergent and rinse washes.
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The best cleaning method, primarily because of cost, was a high-pressure
water-spray wash. The most effective detergent solution found was McGean
C-120 detergent; however, this detergent contains low levels-of hydrofluoric
acid, and could be considered environmentally unacceptable. The next best
detergent product studied was Lime-Brite detergent (Vestal Laboratories).
While not as effective as the McGean product, it did not contain ahy poten-

tially hazardous or environmentally unacceptable chemicals.

The high-pressure water spray and the Lime-Brite cleaning methods were
found to be approximately equally effective. Consequently, while the high—
pressure water spray would be better for field cleaning, the Lime-Brite method

was selected for laboratory studies.

Reflector Specimens ~- Before being fielded, the newly fabricated speci-

‘mens were cleaned by sprayihg spectroscopic-grade methanol onto the specimen
surface and gently wiping the surface with noﬁ—abrasivé, lintless paper.
Aqueous cleaning solutions were not used because of the possibility of the
water-detergent mixture diffusing into the reflective metal materials and
causing premature or non-field-related corrosion. A random selection of
reflector specimens was documented photographically for the 'before exposure"
condition. These specimens were used as controls for subsequent comparison:
with exposed samples. Photographic evaluations were made at magnifications

of 1X, 32X, and 200X.

When the specimens were returned to the laboraﬁory after their pre-
scribed exposure time and were re-evaluated for specular and hemispherical
reflectance, they were cleaned by sbraying a detergent solution of 6.37%7 by
volume of Lime-Brite detergent in deionized water onto the specimen surface,
such that the entire surface was covered with a continuous liquid film. The
detergent solution was applied with an aerosol spray bottle at pressures
slightly above atmospheric. The solution was left on the specimeﬁ for at
least 5 minutes. The detergent solution was thoroughly rinsed from the
specimen surface with deionized water, and the surface was dried with filtered,

compressed air (100 psi).

Following the third and final measurement of the specimens in the cleaned

condition for reflectance, both specular and hemispherical, the specimens were



cleaned again, using a 6.3% by volume solution of the McGean C-120 detergent
in deionized water. The McGean detergent contains 700 ppm hydrofluoric acid
at the aforementioned detergent dilution and has been shown to be a very
effective glass cleaner;1 however, questions have been raised as to the
acceptability of this cleaner for actual use in the field because of environ-
mental impact considerations and the toxic hazards for personnel using the
detergent. Consequently, this detergent was not considered for field use, but
was used to remove residual éoil from the specimen surface in the laboratory
so that the surface and sub-surface defects, e.g., abrasion and corrosion,
could be examined using optical microscopic techniques. The proéedure for
using the McGean (C-120 detcrgent was ideulleal to that described for using
the Lime-Brite detergent. (Appendix A contains toxicity data for McGean
c~-120.) . ‘

No dry~-form detergents were considered for cleaning in order to avoid
any possibility of surface abrasion from insoluble constituents that might be
present. Also, for the same reason, only non-contacting cleaning methods

were used.

Glass Cover Plates -- The low-iron, float~glass cover plates were cleaned
using the same procedures outlined for the reflector materials, with the '
excepllon of the tinal wash with the McGean detergent.. The .final wach was
not used because corrosion and abrasion of the cover plates were not con-

sidered t¢ be applirable or significant degradatlon mechanisms.

Receiver Specimens -- The receiver materials were not cleaned at any

time during the course of this program.

Optical Property Evaluation

Reflcetor Bpeciweus =- Changes in the optical properties of the reflector

materiala, followiuy [leld exposure, were monitored by evaluating the specular
and hemispherical reflectance. The measurements were made (1) beforec the
specimens were shipped to the site, (2) in the as-received or soiled—specimen
condition, and (3) following cleaning of the specimen using the Lime-Brite

method.

10°



‘ The specular reflectance values of each test specimen were characterized
by the average of five readings over the surface. Hemispherical reflectance
was measured at one location in the center of each test specimen. Special
mirror specimen holders were fabricated that permitted readings at the same
locations to be repeated following retrieval from the field. A Sheldahl
portable bidirectional reflectance distribution photometer (PBFDF) was used to
measure specular reflectance, and a Gier Dunkle MS-251 solar reflectometer
(filter = O)‘was used to measure hemispherical reflectance. All hemispherical
reflectance values reported are solar avefaged, and the specular reflectance
values are measured using a broadband tungstén light source with a measurement

spectrum of 440 to 600. nm and a maximum of 520 nm.

The results of the specular and hemispherical reflectance measurements
of the exposed samples, in both the soiled and cleaned conditions, were
plotted as the fraction of the original rellectance versus the duration of
environmental exbosure in months. The fraction was calculated from the
average of the surface readings on the spécimen before énd after the pre-

scribed exposure interval.

Figure 4 shows an example of a plot of the fraction of the original
specular reflectance versus the exposure duration in months. Each data point
is designated with a letter —— X, Y, or Z. These letters designate the
exposure orientation on the test hardware: (X) 45° upward tilt facing south,
(Y) horizontal, faceup, and (Z) horizontal, facedown. The solid lines (—)
represenf measurements for samples in the as-received or soiled éondition,
and the dashed lines (-~--) represent measurements for the cleaned samples.
‘The treflector material type and Lhe localiuvu ul the exposure test are
designated on each plot. The hemispherical reflectance measurement plots

are formatted identically.

In addition to the reflectance measurements, optical microscopy was used
to evaluate each mirror specimen for degradation effects. To facilitate
computerized data management, a code system was devised that described surface
and sub-surface defects. An explanation of the code is contained in Appen-

dix C. The reflector specimens were examined microscopically following

1"
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Figure 4. Plot of Optical Properties of Collector Specimens vs Exposure Duration

routine cleaning with the McGean C-120 detergent method. The second evalua~
tion was to determine if a more aggressive detergent would remove any

remaining surface soil.

Following the surface characterization, selected specimens were subjected
to further analysis to determine the degradation mechanism. Surface con-
tamination and corrosion by-products were investigated using Fourier-transform

infrared spectroscopy (FTIR), scanning electron microscopy/energy—dispersive

X-ray (SEM-EDAX), and X-ray diffraction techniques.

Receiver Specimens -- Absorber degradation waé evaluated from changes in
the solar absorptance.and emittance characteristics. The solar absorptance
was measured with a Gier Dunkle MS-251 solar reflectometer (filter = 0), and
emittance méasurements were made with a Gier Dunkle DB-100 infrared reflecto-
meter. Both solar absorptance and emittance measurements were made at three
locations on each specimen, and the final result was expressed as an arith-
metic mean of these three results. The measurements were made on each specimen

- before exposure and then again, following the specified exposure duration. A

12



combination of alignment marks scribed on the back-side of the specimeﬁs and a
template were used to replicate the measurement locations for determining the
change in solar absorptance and emittance. Optical microscopy was used to
evaluate degradation effects on the receiver specimens, and these effects were

documented photographically.

A separate experiment was conducted in the laboratory to evaluate
exclusively the thermal degradation of the receiver specimens. The control
specimens were placed in a heated test assembly identical to the assemblies
used in the field tests, and were thermally cycled under the same temperature
cycle. Ihe control experiment was conducted in a laboratory environment in
the absence of light and'environmental pollutants. These control specimens
were used to obtain baseline data for the field tests and to ascertain the
extent of thermal versus photochemical plus environmental degradation effects
for the receiver specimens. These specimens were not cleaned during any

portion of the test.

Glass Cover Plate Specimens -- Glass cover plate degradation was deter-

mined by changes in the transmittance, both specular (Cary 14 spectrophoto-
méter) and hemispherical (measured by Dr. R. Pettit of Sandia National
Laboratories, Albuquerque, New Mexico, using a Beckman 5270 spectrophotometer
with an integrating sphére). All transmittance measurements were made over
the spectral range of 200 to 800 nm. The specimens were measured before
exposure and after exposure, both before and after being cleaned. The Lime-
Brite cleaning technique was used. Care was taken, using an instrument sample

holder, to replicate the measuremént locations for each analysis.

Test Results and Discussions

Reflector Specimen Evaluation and Site Description

¢

Because the environment at each site was unique, each location was
evaluated separately. All meteorological data were obtained, for the exact

exposuré duration of the reflector specimens, from the Environmental Data and

13



Information Service of the National Oceanic and Atmospheric Administration -
National Climatic Center in Asheville, North Carolina.Z Table 1 presents

the data for all the sites.

Stauffer Chemical Company -- Stauffer Chemical Company, which manufactures

primarily chlorine and sodium hydroxide, is located in the extreme southern
portion of Nevada at Henderson. A survey of the plant facilities showed six
cooling towers located at the site, one of which was approximately 60 ft
southwest of the environmental test hardware. Adjacent industries were several
small companies that contributed little to the overall environment in that
area, e.g., a water heater company and the Kerxr-McGee Titaninm Refining
Company. The immediate surrounding area would best be described as semi-
rural, the only topographical area of note being Lake Mead, approximately

20 miles to the east.

The U.S.D.A. soil map categorized the soil in the Henderson area as Red
Desert, an alkaline soil, which has a carbonate layer that is generally
within 1 ft of the surface soil and a thin organic layer. The vegetation
is arid, creosote bush shrubland.3 The following meteorological data were
obtained from the weather station at the Las Vegas, Nevada, airport:

° Annual average wind speed 9.0 mph

. Months of highest wind speed March, 11.9 mph
April, 12.0 mph

° Months of lowest wind speed August, 8.4 mph
September, 8.4 mph

° Maximum and winimum daily 91°F in July to
mean tcmperatures 41°F 1n January
° Annual average relative humidity 44% at 7 am

32% at 7 pm

® . Prceipitation 3.03 1inches annually
Maximum - 2.18 inches, January
Minimum - 0.03 inch, Novewber

Qver the 12-month exposure period, both soil retention and corrosion
caused losses in the optical properties of the reflective specimens. The

extent of the degradation varied as a function of the material type.
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Table 1 (Page 1 of 2)

"Environmental Test Site Descriptions

Gl

. Industrial Meteorological Impacting Site
Site Location Process Conditions Soil Type Parameters Adjacent Industries
Stauffer Henderson, Chemical Arid Red Desert e 6 Cooling towers Kerr-McGee
Chemical Nevaca plant -alkaline e Chlorine/ Titanium Refining Co.
Co. lori i
© (Chlorine/ - cau§t1c Small industries (e.g.,
NaOH) environment
water heater company)
Southern lovington, 0il Semi-arid Red Prairie e 1 Cooling Tower Refineries; relatively
Union New Mexico refinery -alkaline @ Moisture unpopulated area
Refining _ Cycling
Co. o High Wind Speeds
Lone Star San Brewery Temperate Rendzina e 2 Cooling towers Junkyard for scrap
Brewing Antonio, -neutral - & Roof mount--tar metal/cars. Heavily
Co. Texas roof industrialized area.
Ore-Ida Ontario, Food Arid with Gray Desert Roof mount over Pasture/crop land.
Foods, Jregon Manufaz- ice/snow in —alkaline vent for potato Relatively unpopulated
Inc. turer winter frying vats. area
(frozen
foods)
Dow o Dalton, Chemical Warm Red or Solar structure Vegetation; relatively
Chemical Georzia plant temperate to yellow located on hill- unpopulated area
Co. © (latex tropical humid Podzol side away irom
polymer) -acid - plant processes.
: Clean plant.
U.S. Steel Haverhill, Chemical Temperate with Sol Brun e Cooling towers Heavy industry--steel
Chemical Ohio plant rain, ice, Acide e Mixing pond refining.
Corp. (acids, snow -acid e Plant processes
polymers) '
Hilo Pepeekeo, Food Manu- Tropical with Not Known Located near Not Known
Coast Hawaii facturer heavy rainfall ocean
Processing (sugar) :

Co.
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Industrial Meteorslogizal

Table 1 (Page 2 of 2)

Environmen-al Test Site Descripticns

" Impacting Site

Site Location Process Conditions Soil Type Farameters Adjacent Industries
Bates Ft. Wortk, Cardboard Warm to Rendzina Construction on School; lumberyard
Container Texas box manu- moderate -neutral site causing
Corp. ' facturer blowing soil
Caterpillar San , Manufac- Cool to warm Brunizem - e Rocf mount on e Kaiser Polymer Plant
Tractor Leandro, turer oi temperate or prairie paint-sealed o Truck farm
Co. ) California h=aavy -neutral roaof e In flight path to

machinery o Roof venting Oakland Airport
of dezreasing o Semi-truck high
solveats and pressure washing
machiaing oil apparatus
°

Located near ocean



The specimens in the 45° upward tilt (X) and the horizontal, faceup (Y)
orientations were more susceptible to soil accumulation, losing between 20
to 100% specular reflectance following 12 months of exposure, with the 100%
losses occurring for the samples at the 3- and 9-month retrievals (Appendix B,
Bl - B3). The cyclic nature of the plots for the uncleaned specimens was
closely related to seasonal variations, with the least soil accumulation
occurring during January 1980 (Month 4) to April 1980 (Month 7). This time
frame corresponded to climatic periods of the greatest precipitation and
highest wind speeds. All material types exhibited essentially the same
susceptibility for soil accumulation. However, differences were observed in

the ability to clean the surface as a function of material type.

Figure B-1, Appendix B, shows the decrease in specular reflectance for

the second-surface glass mirrors. Even though up to 1007% specularity was

lost due to soil accumulation, cleaning, using the standard Lime-Brite method,
returned the specular reflectance to an average of 95% of original. The
reflector specimens from all three exposure orientations were cleaned to
approximately the same level. Microscopic examinations of the cleaned
specimen surfaces (Lime-Brite method) showed the presence of particulate
deposits, which were removed when the specimens were cleaned using the

McGean method (Appendix C, Cl1 - Cl12).

The three additional protective backings added to the glass specimens
did not prove totally effective in withstanding the micro-climate at this
site, particularly along the unprotected edges of the reflector specimen,
i.e., those edges not covered by the sample retainers. The paints chipped,
blistered, and peeled, and the vinyl sheet lost adhesion around the exposed
edges to a depth of 0.50 inch. The silver was corroded in the areas where
the protective backing failed on the unprotected edges (Figure 5). Six months
of exposure were required to reach the 0.50-inch corrosion depth. However,
continued exposure from 6 to 12 months did not produce further degradation of
the silver, and corrosion in the center areas of the specimen was not observed.
It is not clear whether or not continued exposure would further degrade the
paint backings and allow penetration of the corrosive material into the silver

layer, thus resulting in corrosion across the surface of the reflector.

17



8t

Figure 5 Glass Specimen with Epoxy Backing. Specimen 206 was exposed 6 months, X-plane at Stauffer
Chemical Co. Arrows indicate silver corrosion along sample edges. Specimen 88 is a control specimen maintained in
a desiccated lakoratory environment. Specimen 206 has been c.eaned.



The FEK-244 aluminized acrylic reflector specimens showed soil accumula-
tion profiles similar to those of the glass mirrors, as indicated by their
specular reflectance (Appendix B, Figure B-2). However, the FEK-244 reflector
specimens did not exhibit the same characteristics of high specularity follow-

ing cleaning.

Laboratory cleaning of the FEK-244 specimens restored the specular
reflectance values to an average 157 loss for the first 7 months of exposure,
but a decrease in the measured specular reflectance is noted after that time
for all specimens except those in the horizontal, facedown (Z) orientation.
The surface analysis (Appendix C, Tables C1-Cl2) revealed the acrylic film
over the aluminum sheet started becoming cloudy after 2 months, and the
cloudy appearance increased as the exposure duration progressed. A SEM-EDAX
analysis of the surface of an FEK-244 specimen that had been exposed 12 months
was conducted to determine if at least a portion of the loss in specular
reflectance was caused by corrosion of the underlying aluminum layer. While
only incidental corrosion was found where there was damage to the acrylic
film, particulates did appear to be embedded in the soft acrylic top layer
(Figure 6A). It is, however, difficult to say conclusively that this is a
true embedment phenomenon, because the high-intensity source of the SEM-EDAX
instrument caused the acrylic film to bubble, which tended to obscure the
data. EDAX analysis of the soil particles on the specimen surface showed
aluminum, silica, sulfur, calcium, and iron, which are typical of most soils,
in addition to lead and tin (Figure 6B). One particle was isolated that was
composed primarily of lead and tin and was probably airborne from the adjacent

Kerr-McGee plant (Figure 7).

The Alzak specimens fared the poorest at this location (Figure B-3,
Appendix B), with soil accumulation causing losses of up to 100% specular
reflectance for 3 months of continuous exposure. Specimens exposed 4 months
to 1 year generally showed reflectance losses of 70 to 90% because of cor-
rosion and soiling of the aluminum surface. Figure 8 shows a clean Alzak
specimen exposed 7 months in the horizontal, facedown (Z) plane, whose surface
is uniformly pitted by corrosion. After 5 months, the losses in specular
reflectance leveled off, apparently because the soil accumulation passivated

the surface and protected the material from further corrosion.
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10 um
A. FEK-244 specimen (ID 318) exposed 8 months at Stauffer Chemical Co.

B. EDAX analysis of surface soil showing, respectively, Na, Al Si, Pb, Cl, K, Sn

Figure 6. Soil Embedment. Apparent in acrylic layer of FEK-244 specimen.
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A. FEK-244 specimen (ID 318) exposed 8 months at Stauffer Chemical Co.

B. EDAX analysis of discrete particle shown in A. Particle is primarily lead and tin.

Figure 7. Lead-Tin Contaminant. Photomicrograph of reflector specimen from Stauffer Chemical Co.
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Figure 8. Alzak Corrosion. Specimer: 638 {Alzak) exposed 3 months, X-plane, at Stauffer Chemical Co.
Specimen 88 is a control maintained in a desiccated laboratory environment. Specimen 638 has been cleaned.



SEM-EDAX and X-ray diffraction analyses of the Alzak surface were con-

ducted.

Results from these studies confirmed that degradation of the surface

was due to chlorine attack, and also revealed the presence of titanium dioxide,

probably as airborne particulate from the adjacent Kerr-McGee plant.

The results of the hemispherical reflectance measurements are shown in

" Figures D1-D3, Appendix D.

ments for the soiled specimens as a function of exposure time.

There is considerable cycling in these measure-

However, little-

variation in results is seen for the cleaned specimen.

Ore-1da Foods, Inc. —— Ore-Ida Foods, Inc., located in Ontario, Oregon,

manufactures frozen food items; e.g., potatoes and pizza.

the Ore-Ida plant is rural, with very little industry.

J
The area around

The environmental

test hardware was located on a tar-gravel roof near a vent for large frying

vats.

precipitation of less than 10 inches.

shrubs.

The climate in the Ontario area is classified as arid, with an annual
The primary vegetation is sagebrush

The U.S.D.A. soil map categorized the soil as Gray Desert, with a

thin organic layer, plus a carbonate layer, which is generally within 1 ft of

the surface. The soil has a high degree of alkalinity.3

The following meteorological data were obtained from the Ontario, Oregon,

observation station:

Annual average wind speed
Month of highest wind speed
Months of lowest wind speed
Maximum and minimum daily
mean temperatures

Annual average relative humidity

Precipitation

9.0 mph
March, 10.4 mph

August, 8.3 mph
September, 8.3 mph

76.8°F in July to
14.5°F in January

52% at 7 am
447 -at 7 pm

10.42 inches annually

Minimum - 0.10 inch, July

The reflector specimens at the Ore-Ida site were heavily soiled when

returned to the laboratory for evaluation, but were easily cleaned (Fig-

utres B4-BS, Appeudix B). 3pecular reflectance losacs of 20% due to soil
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accumulation remained fairly constant until the 6th month (May 1980), when
the rate of soiling was accelerated. It should be noted that the first major
volcanic eruption of Mt. St. Helens occurred May 18, 1980. A sharp decrease
in the specularity was observed in the 9th month (August 1980). The glass
and FEK-244 specimens had specular refléctance values that returned to 85%
of the original value following cleaning. However, following cleaning, the
specularity of Alzak specimens was 80% of original reflectance measurements
for specimens exposed 12 months. Little apparent corrosion of the métallic
components of the reflector specimens or attack on the paint backings was
observed (Tables C13-C24, Appendix C). Heavy cil deposits on the reflector
surface,probably cooking'oil effluent from the roof vents, appéared to be

responsible for the heavy seil accumulation.

It was observed only during the summer months that a white waxy material,,.
which could be a component of the cooking oil, was precipitating onto the
reflector surfaces. While this material could not be removed with normal
cleaning procedures, little effect on the specular reflectance was noted.

It is notable that the Alzak specimens in the horizontal, facedown (Z) orien-
tation experienced a significant loss in specularity analogous to the Alzak
specimens at the Lone Star Brewing Company_site. This loss was believed to

be caused by outgassing of the roofing material, However, the decision was
made to locate the proposed solar array at this site on a ground-level
alternate location. Consequently, the effects of roofing material outgassing
and blowoff from roof vents is not anticipated to be a problem, particularly
as there are buildings located between the alternate location and the building

where the frying is done.

Figures D4-D6, Appendix D, show the hemispherical reflectance measure-
ments for the reflector specimen. Tittle variation in reBults is observed

for the cleaned specimens.

Dow Chemical Company -- The Dow Chemical plant is located in Dalton,

Georgia, a mountainous, heavily wooded area with little surrounding industry.
The area would best be described as rural. The primary product of the plant
is vinyl latex pulymer; the surrounding plant structures are clean and well

maintained. The only plant structure that. could impact the solar optical
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materials is a boiler houée, which vents steam from the side of the building

nearest the environmental test hardware.

The U.S.D.A. soil map categorized the soil in this area as Red or Yellow )
Podzol.  This soil is acidic and has a thin, dark-colored organic layer at
the surface over a yellow-gray or gray-brown leached layer, covering a darker
~clayey layer of deposition that grades downward into a brightly colored,
deeply weathered parent material. The parent material may be scores of feet
deep, while the organic layer, leached layer, and the layer of déposition is
commonly 3 to 4 ft deep. ~The climate is warm temperature to tropical humid, -

the primary vegetation being mixed broadleaf and pine forest.3

The following typical weather data for this area were obtained from the

Dalton, Georgia, weather station:

. Annual average wind speed 9.1 mph

. Months of highest wind speed February, 11.0 mph
. March, 7.1 mph
. Month of lowest wind speed August, 7.1 mph
® Maximum and minimum daily 76°F in August to
mean temperatures 33°F in January
° Annual average relative humidity 83% at 7 am

57% at 7 pm

o Precipitation " 70.88 inches annually
Maximum - 10.09 inches, July
Minimum - 2.10 inches, October

The second-surface glass spccimenc exposed ot this site lost 30 to 35%
of their specular reflectance due to soil accumulation during exposures of
up to 12 months. Cleaning restored these specimens to within 92 to 95% of
the original specular reflectance‘ﬁalues (Figure B7, Appendix B). No cor-
rosion or other degradation defects were observed, other than a slight chipping
of the paint backings along the exposed edges not protected by the sample
retainers (lables C-25 - C36, Appendix C). A microscopic examination of the
reflector surfaces showed that routine cleaning with the Lime-Brite detergent

removed most of the soil that had accumulated for 6 months. Some particulate
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buildup was observed from 6 to 12 months of exposure (May to November 1980),
but cleaning with the McGean C-120 detergent removed virtually all residually

retained soil.

Figure B8, Appendix B, shows the decrease in specular reflectance for the
FEK—244 specimens exposed at this site.. Again, the rate of soil accumulation
was less than at the other sites, and thc samples were easily cleaned to 93
to 95% of the original reflectance values with the Lime-Brite detergent.
Particulate deposits began accumulating after the 6th month (May 1980) of
exposure, but cleaning with the McGean C-120 detergent did not remove a sig-
nificant amount of the residual soil rcmaining wu Lthe surface after the

~standard cleaning procedure (Tables €25 - (-3A, Appendix ().

The Alzak specimens did not respond as well to this environment as did
the other two materials. After 6 months of exposure there was a significant
increase in the rate of soil accumulation, approximately 20% greater than for
the two other materials. Following cleaning, the specular reflectance values
were restored to a value 35 to 407 less than the original measurements
(Figure B9, Appendix B). There was a small amount. of surface plttlng, and

the loss in specular reflectance was due primarily to soil accumulation.

Figures D7 - DY, Appendix D, show the hemispherical reflectance measure-

ments. Little variation in results is observed for the cleaned specimens.

Lone Star Brewing Company -- Lone Star Brewing Company, as a beer

manufacturer, has the typical clean plant environment usually associated with
food manufacturers. The plant, located in San Antonio, Texas, 1is situated in
an industrialized area and is adjacent to a junk yard conftaining rusting
automobiles and metal. The environmental test hardware was mounted on the

roof of a two-story structure 60 ft northwest of two cooling towers.

The p;imary vegetation in thia region is vak hickory toresL, and the
soil, as categorized by the U.S.D.A. soil map, is Rendzina, a neutral pH
soil. The Rendzina soil is a dark-gray or black, organic-rich surface soil
.oVer a soft, white, calcareous material derived from chalk, eoft limestone,

or marl. This soil is typically associated with ''swellable clay". The
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climate is variable from moderately warm summers to mild winters and has

. moderate rainfall.3

The following typical weather data for the area were obtained from the

San Antonio, Texas, observation station:

. Annual average wind speed 7.6 mph

] Month of highest wind speed April, 9.5 mph

@ . Month of lowest wind speed August, 5.1 mph

[ Maximum and~minimum‘daily 85°F in July to
mean temperature: ' 44°F in January

) Annuai average relative humidity 83% at 7 am

47% at 7 pm

° Preéipitation 36.64 inches ahnually
Maximum - 7.39 inches, July
Minimum -~ 0.11 inch, October

The reflector specimens exposed at this-site were less heavily soiled

" than those at most sites, losing at most 60% of their specular reflectance
due to so0il accumulated over a 13-month period (Figures B10 - Bl2, Appendix B).
Upon cleaning, the specular reflectance of the glass and FEK-244 specimens
was restored to within 85 to 95% of the original values. No corrosion of the
glass specimens was observed. The FEK-244 acrylic layer turned cloudy, and
abrasion patterns developed. However, these phenomena did not greatly affect
the specular reflectance of the reflectors. The only anomalous result at this
site was the performance of the Alzék specimens, particularly those in the
horizontal, facedown (Z) plane, (Figure B12, Appendix B). These specimens
lost up to 60% specular reflectance because of accumulated soil. However,
cleaning the Alzak specimens still left a loss in reflectance of 10 to 40%.
It was theorized that the tar roof was outgassing, thus.affecting the Z-plane
more severely than the other orientations of exposure, and that these out-
gassing products.served as an adhesive for entrapping particulates. ‘It is not
known why the Alzak was more affected by this phenomenon than were the other

material types.
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Microscopic surface examination showed pgrticulate deposits on the front
surface of all material types, but the Alzak specimens appeared to have the
higheét density of puddle-shaped particulate formations (Tables C37 - C48,
Appendix C). '

The Lone Star Brewing site was considered to have only a moderate soiling
problem over the 13-month exposure time. The FEK-244 aﬁd the glass specimens
appeared to survive the environmment well. However, the long-term impact
-of outgassing of the tar roof on the specimens is not known at this time.

Some rust-like particulate formations were observed on the 45° upward tilt
‘ (X), and the horizontal, faceup (Y) plane specimen, possibly from the adjacent

junk yard, but they were easily removed with routine cleaning procedures.

The hemispherical reflectance measurements for these specimens are
shown in Figures D10 - D12, Appendix D. Little variation in results is

observed for the cleaned specimens.

Southern Union Refining éompany -- Southern Union Refining Company,

located in the southeast corner of New Mexico near Lovington, is an independent
0il refinery. The site is situated in a rural environment with only agricul-
tural land in a 5-mile radius around the plant. The soil in the area is
categorized as Red Prairie, and is alkaline. The soil is browmn to red on

the surface covering a clay subsoil layer, and has a large lime carbonate

component in the surface soil. The climate is semiarid, with the primary

vegetation being short grass.3

The following meteorological data were obtained from the Hobbs, New Mexico,

weather statiom:

® Annual "average wind speed 9.6 mph

® Months of highest wind speed April, 12.0 mph
March, 11.Y mph

° Months of lowest wind speed August, 8.4 mph
' September, 8.4 mph

® Maximum and minimum daily 79°F in July to
mean temperatures 37°F in January
® Annual average relative humidity 34% at 7 am

267% at 7 pm
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® Precipitation 14.83 inches annually
Maximum - 3.59 inches, June
Minimum - 0.11 inch, October

Figures B13 - B1l5, Appendix B, show the severe loss in specular reflect-
ance for all reflector materials exposed at this site. The reflectance losses
were greater than 907% in the 45° upward tilt (X) and horizontal, faceup (Y)
planes after 7 months of exposure. Cleaning by routine cleaning methods,
including both the Lime-Brite and McGean C-120 detergents, improved the reflec-
tance values by only a few percentage points. The horizontal, facedown (Z)

plane specimens were not as severely soiled and were more easily cleaned.

The microscopic examination of the reflector specimens following clean-
ing of the surface showed soil adhering to the mirror surfaces in small (up
to 0.25 in.) elliptical patterns resembling water droplets (Tables C49 - C55,
Appendix C). Figure 9A shows soil encrustation along a partial perimeter
of a water droplet, and Figure 9B shows soil encrustation encompassing a water
droplet. This phenomenon increased until the surface was totally occluded
by the adhered soil (Figure 10). Minor corrosion of the Alzak and the
silvered-glass mirrors was observed. Before total surface occlusion by soil,

significant abrasion patterns were observed in the FEK-244 acrylic layer.

It was observed during a site visit that, under the proper wind conditions,
a spray of water from a cooling tower (approximately 30 ft high) was deposited
on the test rack, which was located about 200 ft east of the tower. The spray
from the tower is believed to be a critical element in the reflector soiling

process.

The surface analyses indicated that the principal components of the soil
adhering after washing were alumino silicates, probably clay from the natural
environment. Essentially all the ingredients of the additives to the
cooling tower makeup water (a very heavily doped solution) were found in
smaller amounts. Also seen were magnesium, potassium, sodium, calcium, and
carbonates. The latter two are important because calcium carbonate (CaCO3)
can serve as an effective cement for clays.4 It turns out CaCO3 is present
both in the makeup of the cooling tower and in the natural environment

(as caliche, a local limestone). It is significant (since this is a refinery

site) that high levels of hydrocarbons were not seen.
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A. 1000X magnification of soil encrustation along perimeter of water droplet.

e

10 um

B. 1000X magnification of soil encrustation over entirety of water droplet.

Figure 9. Soiling Patterns. Two Alzak specimens exposed 1 month at Southern Union Refining Co.
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Figure 10. Specimen 470 FEK-244, X-Plane. Specimen 88 is a control specimen maintained in a desiccated
laboratory environment. Specimen 470 is a cleaned specimen.



There are two principal types of natural soil in the area: caliche, and
a loam ("Kimbrough-Lea complex'"), which has a high clay component.5 The type
of bonding mechanism that might be taking place depends to some extent on the

clay Lype (e.g., illite, kaolinite, montmorillonite).

In MDAC's first cleaning study for Sandia,l the development of a tenacious
soil layer after several months of exposure to the natural environment was
observed. However, it was responsible for only a 2 to 5% loss in specularity
after washing. Over approximately the same exposure period, much less
tenacious dirt accumulated in this study because of the low number of wet-dry
cycles. At the Lovington site, the number of thecse cycles is very large

because of the cooling tower.

It is probable that a similar process was occurring on the Lovington
mirrors, but the rate of growth of tenacious soil on the reflector surface
and severity of the reflectivity degradation were orders of magnitude greater
because of the spray from the cooling tower. It has often been observed that
a large quantity of water (a long soaking rain, for example) tends to clean
mirror surfaces, while a small quantity (very little rain, or dew) causes
dirt to accrete. At the Lovington test rack, periods during which the wind-
borne spray wets the surface lightly alternate with drying periods when the
wind shifts to another direction. Thus, the number of wet-dry cycles are
greatly increased, and the conditions seemed to be the best possible for the

formation o[ a tenacious soil layer.

The high level of chemical additives in the water being emitted from the
cooling tower could also play a role in the soiling process. There are two
hypotheses being considered for the mechanism bonding thc soil to the reflector
surfaces: first, certain types of clay are non-swelling. Afler a number of
wet-dry cycles, the clay particles (typically 2 to 5 um and planar in
shape) could develop a contact area with the reflector, which was optically
flat over a significant area. Physical (non-chemical) forces alone (electro-
static or Van der Waals or both) could then exert extremely strong binding
forces (up to 100 000 psi) in theory.6 Second, water soluble chemical cements
could, over time, seep under the lightly bonded dirt particles and form a
strong chemical bond. The dirt particles and the dirt layer would then pro-

vide a hermetic seal over the cement layer, preventing water (or other
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solvents) from reaching and dissolving the cement. The most likely candidate for
this cement is calcium carbonate, the principal ingredient of Portland cement.
Calcium carbonate was an ingredient in the cooling tower makeup water, as

were a number of other cement candidates (e.g., sulfates). However, calcium
carbonate also exists in abundance in the natural soil. Thus, although the
additives in the cooling tower spray may aggravate soil accretion, it is
unlikely that the problem can be completely eliﬁinated by a change in the

makeup water formula.7

Following the initial 7-month exposure, the test was terminated at the
initial site and an alternate site, approximately 1000 ft south of the
original site, was selected. It was believed this location would be less
affected by the cooling towers. Figures B16 - B18, Appendix B, show the
specular reflectance measurements for 5 months of exposure at the new loca-
tion. The alternate location was much less susceptible to the presence of
the cooling tower. Although the specimens were heavily soiled when returned
to the laboratory, the specular reflectance of the specimens, when cleaned,
returned to an average 947% of the original value. The glass specimens showed
slightly higher reflectance values after cleaning than did the FEK-244 or
Alzak specimens. Surface examination (Tables C56 - C60) showed non-removable
particulate deposits on the surfaces of the reflector specimens following

5 months of exposure.

A test plan modification was initiated at the original site near the
cooling towers to determine if increased frequency of cleaning would alleviate
the rapid loss in specularity. Specimens were successively re—exposed for
1 month periods. After each expusure period, the specimens were returned to
the contractor for evaluation. After three successive exposure intervals of
1 month each, it was found that monthly cleaning maintained the specular
reflectance values at 957% of their original values (Figures B19-B21,

Appendix B); however, surface examination revealed that particulate deposits
were building up again (Tables C61 - C62, Appendix C). It is suspected Lhal
increased frequency of cleaning significantly retards, but probably does not

prevent, this tenacious soil layer from developing.

The results of the hemispherical reflectance measurements are shown in

Figures D13 - D21, Appendix D. There is considerable cycling in the measure-
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ments for the soiled specimens as a function of exposure duration and some
cycling in the measurements for the cleaned specimens caused by the high level

of soil retention.

Hilo Coast Processing Company -- Hilo Coast Processing, a manufacturer

of sugar products, is located on the east side of the main island of Hawaii,
near Hilo. The company is located in a small community called Pepeekeo. The
only known adverse environmental parameter that could affect the survivability
of the reflector specimens at this site was the proximity of the test hardware
to the ocean. Soil-typing information is not available from the U.S.D.A soil

maps for the Hawaiian Islands, hut the climate is sub-tropical.

The following typical meteornlngical data were obtaiuned [rom the Hilo,
HI, weather station:
® Annual average wind speed 11.8 mph

® Months of highest wind speed July, 13.6 mph
August, 13.6 mph

® Months of lowest wind speed January, 10.8 mph
February, 10.8 mph

® Maximum and minimum daily 77°F in Septemher to
wean temperatures 70°F in .Jannary
] Annual average relative humidity A% Al 7 8

57% al 7 pm

® Precipitalion 158.8 inches annually
Maximum - 45.5 inches, February
Minimum - 3.6 inches, September

All reflector specimens at this site had unusually heavy soil accumula-
tion on the surfaces, which caused a loss of specular reflectance of >90Y%
following 10 months of exposure for specimens in the horizontal, faceup (¥),
and a loss of approximately 60% for specimens in the 45° upward tilt (X)
planes (Figures B22 - B24, Appendix B). Only 10 months of results are
reported for this site because the test hardware was vandalized and the final
2 months' specimens were stolen. The glass specimens had approximately 107%
grealer surface soil accumulation that did FEK-244 or Alzak. This trend
became apparent following 3 months (August 1980) of exposure, and continued

until termination of the test.
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Cleaning the reflector specimens, using the Lime-Brite cleaning method,
returned all glass reflectors to within 887% of their original reflectance and
all FEK-244 specimens to within 80% of their original reflectance throughout
the 10-month test interval. The cleaned Alzak specimens showed continuing
loss of specularity until termination of the test, losing from 18 to 42% of their
original specular reflectance. Both the FEK-224 and, even more noticeably,
the Alzak specimens had developed particulate deposits on their surfaces fol-
lowing 3 months of exposure. These deposits were not removed by cleaning with
the Lime-Brite or the McGean C-120 cleaning method (Tables C63 - C71,
Appendix C).

Significant corrosion of the silvered reflective layer of the glass
mirrors was observed at the Hilo coast site. Small circular corrosion patterns
were distributed non-uniformly over the surface of the samples (Figure 11).
There was evidence of edge-attack of the silver by the corrosive material and
attack through the protective backings to produce corrosion in the center of
the glass reflector specimens. Damage appeared to occur where liquid droplets
formed on the backside of the reflector, and the corrosive material diffused
through the coating to attack the silver layer. It is notable that the vinyl
sheet backing was as susceptible to '"through-the-backing'" attack as were the
two paints. Where the corrosion occurred, the backing had blistered and

bubbled, but no mechanical damage, e.g., holes or tears, were observed.

Corrosion damage was not observed on the FEK-244 or, surprisingly, the
Alzak specimens. While it is postulated that corrosion of silvered glass
mirrors resulted from exposure to salt water, no confirmation of this theory

has been made at this time.

The hemispherical reflectance measurements for reflector specimens are

shown in Figures D22-D24, Appendix D. Little variation in results is seen

in the reflectance for the cleaned specimens.

U. S. Steel Chemical Corporation —-- U. S. Steel Chemical Corp., located

on the Ohio River in Haverhill, Ohio, manutactures polymers, acids, and other
related chemicals. There are a number of adjacent industries along the river,
but the areas away from the river are farm and pasture lands. Some of the

industries in the area of this site are steel refining plants and other
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Figure 11. ‘Through the Backirg’ Corrosion. Specimen 84 (glass, DuPont Imron backing} exposed 4 months,
X-plane, at Hilo Coast Processing. Arrows indicate corrosion. Specimen 93 is a control specimen maintained in
a desiccated laboratory environment. Specimen 84 has been cleaned.



chemical plants. In the immediate area of the environmental test hardware

were cooling towers and a mixing pond for waste chemicals.

The following meteorological data were obtained from the Ironton, Ohio,

weather observation station, approximately 20 miles from Haverhill:

) Annual average wind speed 7.1 mph

® Month of highest wind speed March, 9.0 mph
® Month of lowest wind speed August, 5.1 mph
& Annual average relative humidity 79% at 7 am

637% at 7 pm

° Maximum and minimum daily 74°T in August to
mean temperatures 27°F in February
@ Precipitation 54.7 inches annually

Maximum - 7.6 inches - July
Minimum - 2.0 inches - March

The primary vegetation in this region is deciduous broadleaf (oak,
hickory) forest, and the climate is temperate and humid. The soil is classified
as Sol Brun Acide, which is composed of a surface layer, mostly litter from
broadleaf trees, that covers a humus-rich layer containing mineral matter.
These layers overlay a brown, leached layer that is primarily clay. This

soil type is acidic and rich in carbonate content.3

Figures B25-B27, Appendix B, show specular reflectance data for the
reflector specimens. The soil accumulation profiles are fairly typical of a
site with a moderate soiling problem, with reflectance losses of 20 to 60%
being measured for the soiled specimens. Cleaning restored the specular
reflectance to greater than 827 of the original for the glass specimens and
to over 857% of the original for FEK-244. Alzak specimens could only be

restored, upon cleaning, to 20 to 407% of their original reflectance values.

A large portion of the loss of specular reflectance for the glass
specimens was caused by the silver layer corroding and separating from the
glass in large circular patterns (Figure 12). The corrosion of the silver
was first observed in May 1980 (5 months of exposure), and the separation of

the silver backing was observed in October 1980 (9 months of exposure). An
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Figure 12. Glass Specimen with Epoxy 3acking. Exposed 8 months, Y-Plane, at U.S. Steel Chemical Co.
Specimen 93 is a control maintained in z desiccated laboratory environment. Specimen 1£3 has been ¢ eaned.



examination of the paint backings showed blistering and the appearance of a
liquid droplet falling or condensing on the areas where the silver-backing
separation occurred. The paint backing was intact, i.e., had not flaked away.
There was also a progressive accumulation of surface particulate formation
that could not be removed by either the Lime-Brite or McGean C-120 detergents

(Tables C72-C83, Appendix C).

The Alzak specimens also showed damage to the surface caused by corrosion.
Small pits and microcracking around the pits were observed as early as after
3 months of exposure, and the phenomena increased until the test terminated.
These pits were covered with a white crystalline material, which was
removed mechanically, i.e., by surgical knife, thus revealing the underlying
pits (Figure 13). Cleaning the specimens using both the Lime-Brite and the

McGean C-120 methods did not remove the crystalline material.

It was reported in the contract interim report8 that the FEK-244 specimens
had shown corrosion effects, which resulted because of chemical damage to the
acrylic top layer. Following a subsequent, more-intensive examination of the
FEK-244 specimen in question, this was found not to be the case. During the
10th through the 12th month of exposure, the FEK-244 specimens exposed in the
horizontal, facedown (Z) orientation developed a unique surface condition,
which appeared to result in damage to the acrylic film. The other two exposure
orientations, 45° upward tilt (X) and the horizontal, faceup (Y), were unaf-
fected. Damage to the acrylic film of FEK-244 is perceived to be a serious
problem, as it would expose the underlying reflective aluminum film to the
same corrosive environment that caused corrosion of the silver on the glass

and Alzak specimens.

The FEK-244 specimens, when evaluated in the "as-received'" condition
before any cleaning, had developed what appeared to be 2.5- to 6-in.-long
cracks in the acrylic layer. A significant number of these 'cracks" originated
from localized white, cloudy areas on the specimen surface, and the total
specimen surface was involved (Figure 14). There were, however, areas where
the "cracks'" were more dense. The potential seriousness of acrylic damage
prompted an in-depth analysis of the surface phenomena, with contributing
analyses by Drs. R. B. Pettit and E. P. Roth of Sandia National Laboratory,

Mr. B. A. Benson of 3M Corp., and the McDonnell Douglas Astronautics Company.
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A. Conrrol Alzak specimen maintained in a desiccated laboratcry B. Photomicrograph of cleaned Alzak specimen expasad
environment. 5 months at 1J.S. Steel Chemical Co.

Figurz 13. Crystalline Deposits. Photomicrocraph of enlargement (32X) of deposits covering corrosion pit on
cleaned Alzak Specimen.
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Figure 14. Specimen FEK-244 (ID 488). Exposed 12 months,
Z-Plane, U.S. Steel Chemical Co. (A) Localized cloudy areas;
(B) Fibers encrusted with siliceous materials (Photo courtesy
Dr. R. B. Pettit, SNLA. 1/2 sec., f5.6)

The results of the analysis showed the '"cracks'" were actually organic
fibers, encrusted with a crystalline growth. The fibers, whose origin is
unknown, were attached to the mirror surface by the white, cloudy areas, which
appeared to be siliceous materials (soil) in an organic matrix. The cloudy
areas had the appearance of being a wax-type material. All surface deposits
except the waxy material could be removed by a conventional contact detergent
cleaning method, high-pressure cold-water spray, or a solution of 50:50% by
volume isopropyl alcohol and water. Approximately 50 to 60% of the waxy
material was removed using a hot-detergent non-contact cleaning method, and
approximately 90% was removed using a hot-detergent contact cleaning method.
The contact cleaning method used a cotton swab for cleaning after allowing the
cleaning solution to stay on the specimen surface 10 minutes, whereas the non-
contact cleaning method used the same procedure but without using any physically
contacting cleaning procedure. Upon cleaning the FEK-244 surface, no damage
to the acrylic film was observed and, subsequently, no corrosion of the reflec-
tive aluminum layer was observed. There does, however, remain the problem of

developing an effective method for removing the waxy material.
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Figures D25-D27, Appendix D, show the hemispherical reflectance measure-

ments for the reflector specimens at this site.

Caterpillar Tractor Company -- Caterpillar Tractor Company manufactures

precision-machined parts for heavy machinery at San Leandro, California, a

location that is approximately 1 mile from the San Francisco bay. The environ-
mental test hardware was mounted on the roof of a three-story structure housing
the machining operation. The roof is tar, sealed with a white paint. It was
observed during a visit to the test site that the air in the first floor

machining area was hazy, apparently because of finely dispersed low-viscosity
machine oil. This atmosphere and the effluent from the vapor degreasing area

are vented through the roof in the area of the test hardware. Two cooling

towers are also located on the roof.

The Caterpillar plant is situated in a heavily industrialized area,
immediately surrounded by a polymer manufacturing plant, a vegetable truck
farm, and a high-pressure washing station for large trucks. Consequently,
there is a high moisture contribution to the area from the proximity of the
bay and the truck wash station, and a source of loose, blowing soil —-- the
truck farm. The test site is also located in the flight path for small air-
craft traffic for the Oakland Airport. The assumption was made that a high
concentration ot exhaust fumes from small aircraft could contribute to the

air quality in this location.

The following meteorological data were obtained from the San Francisco,

California, weather station:

° Annual average wind speed

Month of highest wind speed

Month of lowest wind speed

Maximum and minimum daily
mean temperature

Annual average relative humidity

Precipitation
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10.5 mph
June, 13.9 mph
January, 7.1 mph

64°F in July to
48°F in January

70% at 7:00 am
627% at 7:00 pm

24.6 inches annually
Maximum - 6.6 inches - January
Minimum - Trace, June/August



The soil in the San Leandro area is classified as Brunizem or Prairie
Soil with a neutral pH. It is dark brown, mildly acidic surface soil, which
overlaps a well-oxidized Subsoil.. There is no accumulation of lime carbonate
~in this soil type. The general climate is cool to warﬁ, humid, with an
annual precipitation of 25 to 30 in. The primary vegetation is southwest
broadleaf forest, although the area.is in the transition zone for the redwood

forest.3

As anticipated from the parametric study of the test site and the sur-
rounding industries, the rate of soil accumulation on the reflector specimens
was high. Reflectance losses of 20 to 75% due'to soil accumulation were |
reported following 12 months of exposure (Figureé B28 - B30, Appendix B).
Cleaning with the Lime-Brite.detergent restored the reflectance values of all
material types, except Alzak, to 92 to 95% of their original values. A micro-
scopic surface examination showed a small buildup of residual soil, which was
not removed by cleaning with the McGean C-120 detergent (Tables C84 - C96,
Appendix C).

The metallic elements of all collector specimens exhibited evidence of
corrosion to varying degrees. The cleaned Alzak specimens had reflectance
values that were 20 to 50% less than the original measurements. This loss
‘'was caused by large pits across the entire surface of the mirror sample. A
white crystalline material was‘obéerved on the Alzak mirror surfaces which,
upon removal, was found to cover large pits. The identity of the crystalline
material is not known. Minor corfosion of the aluminum on the FEK-244 speci-
mens was observed where damage to the acrylic film had occurred. The damage
‘to the acryllc appeared to be from mechanical rather than from chemical sources.
Corrosion of the silver on the giass reflectors appeared primarily along the
:edges, altﬁough some corrosion attéck was seen in the center areas of the

specimens. ) .

1
The hemispherical retlectance measurement results are shown in

Figures D-28 = D30, Appendix D,

Bates Container Corporation -- Bates Container Corp., located in Ft. Worth,

Texas, manufactures corrugated cardboard boxes by steam pressing sheets of

paper interlaced with adhesive. Site documentation revealed no known plant
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processes that could affect the environmental exposure of the reflector and
receiver materials. Adjacent to the site ﬁas a rail line still currently iﬁ
use by, primarily, freight trains. The rail line was approximately 150 ft
from the test hardware. Althoughlthe proposed parabolic trough system for

this site was planned to be a roof-mounted structure, the test hardware was
located on the ground, as the area where the troughs were to be located was
under construction and no suitable roof location could be found on other site
structures. Subsequently, the system was changed to locate the collectors on
the ground because of potential fire hazards. The on-going consfruction during
the duration of the exposure test created temporarily high levels of airborne

[)H’l’l irulare.

The following meteorological data for the area were obtained from the

regional airport at Dallas - Ft. Worth, Texas:

o Annﬁal average wind speed. * 11.1 mph

° Month of highest wind speed March, 13.3 mph

° Month of lowest wind speed August, 9.3 mph

° Maximum and minimum daily 85°F iniJuly to
mean temperatures 35°F in January

° Annual average relative humidity 83% at 7 am

57% at 7 pm

. Precipitation 38.0 inches annually
Maximum -~ 8.29 inches, March
Minimum ~ 0.17 inch, November

Mesquite and.- desert grasslands are the primary forms of vegetation in the
Fr. Worth area, where the climate is variable, from warm (85°F) summers to
moderate (35°F) winters. The. soil type is Rendzina, a neutral pH soil, which
is a gray or black, organic-rich surface soil over a soft, white calcareous
material derived from chalk, soft limestone, or marl. This soil is typically

associated with "swellable" clays.3

The glass and FEK-244 specimens responded similarly to exposure condi-
tions at this site, with specular reflectance losses for specimens in the X and

Y orientations being < 40% of the original reflectance values. Cleaning these
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specimens, using the Lime-Brite procedure, restored the reflectance values to

I

2_95% of the original values.

The Alzak specimens showed somewhat greater susceptibility to the accumula-
tion of surface soil., Specular reflectance values were restored to V55% of the
original values., Cleaning the Alzak specimens (Lime-Brite procedure) restored
the vélues to > 50% of original valﬁes in the worst case, i.e., Month 5,

Z orientation, and to an average of 70% of original values for all orientations.

v Tables C97 - Cl09, Appendix C, which contain the surface analysis data,
show an increase in residual soil buildup for all specimens that was not effec-
tively remoééd, even with the more stringent McGean C-120 detergent. However,
this soil 'buildup did not significantly affect the specular reflectance meas-

urements during the 1 year of exposure testing, except for the Alzak specimens.

Corrosion of the FEK-244 and glass reflector specimens was not observed.

Only very minor corrosion was observed on the Alzak reflector specimens.

The hemispherical reflectance measurements are contained in

Figures D31 - D33, Appendix D.

Experimental Results for Receiver Materials

The black chrome receiver materials, which were supplied by Dr. R.B. Pettit
of SNLA, were eva;uated for changes in solar absorptance (as) and emittance (g)
following the prescribed exposure conditions and dgration at the IPH sites.
The glass cover plate spécim?ns were evaluated for changes in specular and hemi-
spherical'transmittance. Aidescription‘of specimen preparation for the black
chrome and glass cover plate materials is given in Appendix A. Heated receiver
and glass test units were not exposed at Southern Union Refining Co., because
of fire hézard, nor at Hilo Coast Process%ng Co., because of its early with-

- drawal from consideration as an IPH demonstration site.

Black Chrome Receiver Specimens -- The black chrome receiver materials

were subjected to three types of exposure conditions that could cause degrada-
tion: (1) thermal cycling (suécessive'exposure of 450+50°F for 12 hours fol-

lowed by 12 hours of no thermal exposure), (2) photochemical degradation caused
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by exposure to the sun, and (3) environmental pollutant attack on the material

caused by exposure to real industrial environments.

A control experiment was conducted in the laboratory to ascertain the
effect of thermal cycling on the black chrome material. Four specimens were
subjected to thermal exposure conditions identical to those at the field sites,
but in the absence of light and environmental pollutants. These specimens
were evaluated for o and ¢ before the thermal cycling test and, again, follow-

ing 2, 6, and 9 months of thermal exposure.

Figure 15 shows the plot_of a_ versus exposure duration for the four speci-
mens ﬁrom the control experiment. The range of o for the specimens before
thermal cycling was 0.978 to 0.985. {Following 2 months of thermal exposure,

o for three specimehs increased by q.Oll absorptance units. After 6 months

of exposure, all specimens showed a ﬂecrease from the initial measurement of

o by an average 0.010 absorptance units. The average g of the four-specimens
following 9 months of thermal cycling was 0.982, as compared to the average: of

the original o values of 0.982.

The average total variation of o of the control specimens, over the
course of 9 months of test, was 0.979 * 0.013. The Gier Dunkle solar reflec-
tometer has an instrumental accuracy rating of *0.015 absorptance units. Con-
sequently, thermal cycling caused essentially no measurable change in the solar

absorptance of the black chrome specimens.

Figure 16 shows a similar plot of emittance versus exposure duration for
the same four control specimens. Original emittance measurements ranged from
0.136 to 0.166 (Eo = 0.151 t 0.009, where £ is the average initial emittance

measurement). All four specimens showed average increases in e, following.

cyeling, as follows:

. r - €
Exposure Duration Ave agﬁ ( eI o)

2 months + 0.008
7 months + 0.010
9 months + 0.010

where €p is the emittance measured at time, T, and eo is the original emittance

measurement for the specimen. The quantity, €r = eo, is calculated for each
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ABSORPTANCE OF CONTROL SPECIMENS

EMITTANCE OF CONTROL SPECIMENS

FIGURE 15. PLOT OF ABSORPTANCE VS EXPOSURE DURATION FOR BLACK CHROME CONTROL
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individual specimen, and the four results for the control specimens were

avéraged to obtain Average (sT - eo).

The instrumental accuracy rating for the Gier Dunkle infrared reflectometer
is *0.02 reflectance units. The maximum variation in € for any specimen meas-
ured was less than this *0.02 accuracy rating, indicating that thermal cycling

caused no measurable change in the emissivity of the black chrome specimens.

The only observed degradation of the control specimens was the formation
of gray spots (approximétely 0.1 mm diameter) on the hlack chrome surface.

This phenomenon was observed only after 9 months of thermal cycling.

Figures 17 and 18 show the plots of Amo versus exposure duration for
specimens exposed at the IPH sites. Aas is calculated as the o of the exposed
sample minus e of the same specimen before deployment. +Aa; represents a '
decrease in the solar absorptance of the specimens. The lines N--- are the

Aus values of the control specimens, as previously described.

At three sites (Stauffer Chemical Co., Lone Star Brewing Co., Ore-Ida
E?ods, Inc.) black chrome specimens had measurable decreases in as, within
the instrumental error of *(0.015 absorptance units, after 9 months of exposure.
Stauffer Chemical Co. had the worst-case spécimens, with a Aas Bf 0.071 = 0.015
.absorptance units after 6 months and a Aas of 0.071 £ 0.015 absorptance units
-after 9 months of'exposufe. ’Specimens exposed at Lone Star Brewing Co., had
an avcragce Aas of 0.030 # 0.015 absorptance uuils vver 6 tu 9 months. Speci-
mens from Ore-Ida Foods, Inc., did not show a measurable decrease in o until

the ninth month of exposure, with a Aas of 0.029 + 0.015 absorptance units.

Figures 1Y and 20 show the plots of Ae versus exposure duration for the
exposed specimens. Ac is calculated as the emittance of the exposed specimen
minus the emittance of the same specimen before exposure. +As represents an
increase in the emissivity of the specimen. The lines designated N--- are the

Ae values of the control specimens, as previously described.

Average Ae measurements for the control specimens were 0.0 + 0.02 reflec-
tance units over the 9-month exposure period. Three sites'(Dow Chemical Co.,
Caterpillar Tractor Co., U.S. Steel Chemical Co.) had specimens with Ae values

for the exposed samples which were equal to those of the control specimens,
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ABSORPTANCE INITIAL - ABSORPTANCE EXPOSED

FIGURE 17 . PLOT OF ABSORPTANCE INITIAL - ABSORPTANCE EXPOSED
VS EXPOSURE DURATION FOR BLACK CHROME ABSORBER
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FIGURE 19. PLOT OF EMITTANCE EXPOSED - EMITTANCE INITIAL
VS EXPOSURE DURATION FOR BLACK CHROME ABSORBER
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within the measurement error of the instrument. All other sites showed meas-

urable variations in Ae at 5 to 6 and at 9 months of exposure.

Specimens from Stauffer Chemical Co. had the most dramatic increase in
'e, with a Ae of 0.26 * 0.02 reflectance units at 6 and 9 months of exposure
Bates Container Corp. specimens had Ae values 0.05 + 0.02 reflectance units at
6 months and 0.08 * 0.02 reflectance units at 9 months. A constant Ae of
0.06 £ 0.02 reflectance units was reborted at 6 to 9 months of exposure for
the Lone Star Brewing Co. specimens, and Ore-Ida Foods, Inc., specimens showed
measurable increases in e at 9 months (0.03 * 0.02 reflectance units) and
12 months (0.07 = 0.02 reflectance units). The increase in emissivity for

these sites generally appears to be progressive with time.

Many black chrome specimens received from the test sites had a number of
visual defects, in addition to changes in the emittance and solar absorptance.
The specimens were soiled where dust had accumulated on the surfaces and, at
some sites, foreign matter (e.g., white crystalline deposits) was observed on
the samples. At most sites, cracking of the black chrome plating was observed,
and at some sites the rusting nickel support could be seen through holes which
had developed in the plating. However, unless these localized defects were
in one of three measurement locations on the specimens, they were not reflected

in the as and € measurements.

Glass Cover Plate Specimens -- The glass cover plate specimens were sub-

jected to the same three types of field exposure conditions as were the black
chrome receiver specimens. A laboratory control experiment for the glass cover
plate specimens was ronducted concurrently for the black chrome receiver speci-

mens, using the same exposure instrumentation and conditions.

The glass cover plate control specimens were evaluated for specular trans-—
mittance (Ts) before the thermal cycling test and also following 2, 6, and
9 months of thermal exposure. Because of programmatic time constraints,
hemispherical transmittance (TH) measurements were not made on the control

specimens, but were made on the field-exposed specimens.

Figure 21 shows the results obtained for Ts measurements on the control
specimens. - The Ts measurements were made (1) before inception of the test,

(2) following the presciibed exposurc duration for the uncleaned specimen,
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and (3) following cleaning of the specimen. The Lime-Brite cleaning procedure
was used. The test was conducted in the absence of light and in a laboratory
environment; consequently, the only sbiling which occurred was from normal

laboratory dust. The Ts results for the control specimens were the arithmetic

mean of four controls.
The data are plotted as follows:

X-axis: Exposure duration, months

Y-axis: fraction of original transmittance, where the fraction
is calculated as:

Ts, following exposure
Te, initial

The solid linés on the plot ( ) represent measurements for the cleaned

specimens, and the dashed lines (----) represent measurements for the soiled
specimens. All glass measurement plots are formatted identically. Incomplete
data was available for some of the field-exposed specimens, as some broke

during the thermal cycling test.

The giass cover plate control specimens, which had been thermally cycled
and not cleaned, showed a continuing loss in Ts from Month 0 to Month 6
(approximately 30% loss in Ts) with an approximate 20% increase in Ts from
Month 6 to Month 9. Visual examination of the specimens showed dust accumulated.
on the surface. Cleaning the specimeﬁs restored the Ts to the original value,

so thermal cycling of the glass cover plates caused no irreversible degradation.

Figures 22 through 28 show the plots of the fraction of the original
transiittance (specular and hemispherical) versus exposure duration for the
glass cover plate specimens at the IPH sites. Four sites (Dow Chemical Co.,
Lone Star Brewing, U.S. Steel Chemical Co., Bates Container Corp.) showed
virtually identical TH measurements for both the soiled and cleaned specimens
. for the exposure duration and showed total losses in TH < 5% of the original
transmittance. These four sites had Ts values for the soiled samples that were
65 to 85% of the original measurements. Upon cleaning, the Ts was restored

to 75 to 95% of the original Ts.
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FRACTION OF ORIGINAL TRANSMITTANCE

FRACTION OF ORIGINAL TRANSMITTANCE

FIGURE 21 . PLOT OF TRANSMITTANCE VS EXPOSURE DURATION

FOR GLASS COVER PLATES
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FRACTION OF ORIGINAL TRANSMITTANCE

FRACTIOM OF ORIGINAL TRMNSMITTANCE

FIGURE

23. PLOT OF TRANSMITTANCE VS EXPOSURE DURATION
FOR GLASS COVER PLATES
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FRACTION OF ORIGINAL TRANSMITTANCE

FIGURE- 25. PLOT OF TRANSMITTANCE VS EXPOSURE DURATION

FOR GLASS COVER PLATES
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FIGURE 26 . PLOT OF TRANSMITTANCE VS EXPOSURE DURATION
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FRACTION OF ORIGINAL TRANSMITTANCE

FRACTION OF OR1ISINAL. TRANSMITTANCE

FIGURE

27 . PLOT OF TRANSMITTANCE VS EXPOSURE DURATION
FOR GLASS COVER PLATES
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TH values after 12 months of exposure for the soiled samples of glass

cover plates at Ore-Ida Foods, Inc., were approximately 90% of the original TH’

but cleaning the specimens restored the T, to approximately 1% of original.

H
Soil accumulation on the specimen surfaces caused a sharp decrease in Ts,
particularly from Months 6 to 12, but cleaning restored the specular trans-

mittance to approximately 907 of the original values.

Glass cover plates at Caterpillar Tractor Co. and Stauffer Chemical Co.
behaved similarly to the Ore-Ida specimens, with losses in transmittance,
both T, and Ts, reported for. the soiled specimens. Cleaning restored Ts

H

to within 10% and TH to within 1% of the original values. TH values for
“exposed specimens at Stauffer Chemical Co. at 9 months are not available

because the specimen was broken after the Ts measurement.

Statistical Analysis of Specular Reflectance of the Reflector Specimens

During the course of this study, answers were sought to the following
questions: (1) were there differences in the susceptibility of the three
reflector materials to soiling, and (2) were the three materials equally

responsive to cleaning?

These questions were investigated by constructing bar plots of all data
generated during this study for each specific material. The graphs were con-
structed by plotting the relative population of specimens of one material (as
a fraction of the total number of samples) which had lost a discrete value of
specular reflectance. A plot was constructed for the soiled and the cleaned
samples. The measurements arc ghown for all specimens evaluated in this pro-
gram, and consideration is not given separately to site location, cooling
towers, soil type, or any other impacting parameters. The bar plots show
relative trends for the reflector specimens. All subsequent calculations in

this section were done using actual numerical values.

Figures 29 through 31 show the bar plots of the specular reflectance
values for the soiled samples. The plots for the glass (Figure 29) and the
FEK~-244 (Figufe 30) specimens show that the two materials have very similar
susceptibilities for surface soil accumulation, with 70% of the sample popula-
tion density losing 407 or less specular reflectance aftér 1 to 12 months of

exposure.
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The remaining 30% of the samples were fairly uniformly distributed from
reflectance losses of 41 to 100%. The Alzak specimens had a different profile
(Figure 31), with approximately 70% of the specimens losing between 0 to 54%
specular reflectance. Thus, the Alzak material appears to be slightly more

susceptible to soiling.

However, the real differences in the reflector materials become apparent
in the specular reflectance measurements for the cleaned specimens (Figures 32
through 34). Approximately 8% more of the silvered-glass specimens could be'
restored to 967 of the original specular reflectance values than dould the
FEK-244 specimens. As these reflectance measurements for the ¢leaned specl-
mens represent reflectance losses caused both by corrosion and soiling, it is
believed that the 8% figure should be higher, since the FEK-244 specimens did
not corrode as significantly as did the silvered-glass spceimens. The wmust
significant losses in specular reflectancé were for the Alzak specimens. These
measurements, again, reflect both corrosion and reéidual soil rctentioh. A
large contributor to the low specular reflectance values for Alzak was its low
resistance to corrosion. However, the optical microscopic evaluation of the
reflector specimens revealed that the Alzak specimens also had higher 1e§els

of residual soil retention than did the other two materials.

Figures 35 through 52 show the reflector material population that wés
exposed 1, 6; and 12 months as a function of percent specular reflectance loss
for both the soiled and cleaned specimens. These plots show that increased
duration of exposure shifts the population of the reflector specimens to the
larger percentage of specular reflectance loss. The ability of the specimens
to be cleaned also decreases with exposure duration, with glass reflactors ‘
having the greater ability to be cleaned over FEK-244, followed then by Alzak.

Appendix E shows these same plots broken down per each month of exposure.

Degr¥adation Mechanisms of Reflector Specimens

In situ environmental exposure tests comprise a complex matrix of
parameters, e.g., meteorological, industrial plant process and resulfant air
quality, and soil chemistry, which could affect the optical properties of the
materials under investigation. Because of the potential for site-specific

degradation mechanisms, each site was documented photographically (when
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FRACTION OF TOTAL IN EACH COMPOSITION

FRACTION OF TOTAL IN EACH COMPOSITION

FIGURE 29. PLOT OF FRACTION OF TOTAL IN EACH COMPOSITICN
VS PERCENTAGE LOSS IN SPECULAR REFLECTIVITY
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FRACTION OF TOTAL IN EACH COMPOSITION.

FRACTION OF TOTAL. IN EACH COMPOSITION

FIGURE 3! . PLOT OF FRACTION OF TOTAL IN EACH CUMPOSITION'
VS PERCENTAGE L0OSS IN SPECULAR REFLECTIVITY
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FRACTION OF TOTAL IN EACH COMPOSITION

FRACTION OF TOTAL IN EACH COMPOSITION

FIGURE 33 . PLOT OF FRACTION OF TOTAL IN EACH COMPOS1TION

VS PERCENTAGE LOSS IN SPECULAR REFLECTIVITY
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FIGURE 35 . PLOT OF FRACTION OF TOTAL IN EACH COMPOSITION
VS PERCEMTAGE LOSS IM SPECULAR REFLECTIVITY
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FRACTIbN OF TOTAL IN EACH COMPCSITION

FRACTION OF TOTAL IN EACH COMPOSITION

FIGURE 37 . PLOT OF FRACTION OF TOTAL IN EACH COMPOSITION
VS PERCENTAGE. LOSS IN SPECULAR REFLECTIVITY
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FIGURE 38 . PLOT OF FRACTION OF TOTAL IN EACH COMPOSITION
VS PERCENTAGE LOSS IN SPECULAR REFLECTIVITY
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FFACTION JF TOTAL IN EACH COMPOSITION

FRACTION OF TCTAL IN EACH COMPOSITION

FIGURE 39 . PLOT OF FRACTION OF TOTAL IN EACH COMPOSITION

VS PERCENTAGE LOSS IN SPECULAR REFLECTIVITY
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FIGURE 40 . PLOT OF FRACTION OF TOTAL IN EACH COMPOSITION
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FRACTION OF TOTAL IN EACH COMPOSITION

FRACTION OF TOTAL IN EACH COMPOSITION

_FIGURE 4) . PLOT OF FRACTION OF TOTAL IN EACH COMPOSITION
: VS PERCENTAGE LOSS IN SPECULAR REFLECTIVITY
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FIGURE 42 . PLOT OF FRACTION OF TOTAL IN EACH COMPOSITION
VS PERCENTAGE LOSS IN SPECULAR REFLECTIVITY
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FRACTION JF TOTAL IN EACH COMPOSITION

FRACTION OF TCTAL IN EACH COMPOSITION

FIGURE 43 . PLOT OF FRACTION OF TOTAL IN EACH COMPOSITION

VS PERCENTAGE LOSS IN SPECULAR REFLECTIVITY
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FRACTION OF TOTAL IN EACH COMPOSITION

FIGURE

45 . PLOT OF FRACTION OF TOTAL IN EACH COM#OSITIDN
VS PERCENTAGE LOSS IN SPECULAR REFLECTIVITY
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permission was obtained) and a description of plant structures and processes
and surrounding industries is given in Table 1. Each site had to be evaluated

independently because the environment at each location was unique.

As anticipated, the environment at each of the nine sites produced differ-
ent degradation mechanisms for the reflector specimens and varying degrees of
degradation. Two primary degradation mechanisms were observed: (1) corroSioﬁ
of the metallic elements of the samples, and (2) a tenacious layer of surface
soil,.which could not be removed by routine cleaning procedufes using both the
Lime-Brite and the more chemically aggressive McGean C-120 detergent. A third
dggradation’mechanism, which was observed but which had considerably less impact
on the optical properties of the refiector specimens, was abrasion of the

softer material surfaces.

Corrosion Degradation Mechanism -- Corrosion occurs on the reflective

metallic portiop of the reflector specimen as 'a result of a chemical reaction
between the corrosive material and the metal. The corrosive material is
usually a liquid or gas and is easily transported as an airborne contaminant

to the reflector specimens exposed on the test racks. Water obtained from any
éonventional water supply, although seemingly innocuous, can act as a corrosive
material for metallic species. However, when a strongly oxidizing material,
e.g., chlorine, becomes dissolved in the water, the solution becomes even more
aggressive as a corrosive agent. Chemiéally oxidizing species are naturally
préesent as an airborne species in trace amounts in most environments, as shown
in Table 2. Over a period of years, these materials alone can significantly
corrode some metals. When the chemical oxidizing capability of these mate-
rials is enhancedlby either increasing Lhe councentration of fhc active -
species'or by adding other dxidizing species to the environment, then corrosion
becomes a more critical problem. Urban environments with high concentrations
of photochemical smog, and the subsequent generation of ozone (03),.have strong
oxidizing atmospheres. Some industrial processes that generate oxidizing
species as a byproduct of their process are an additional source. A natural

source of a strong oxidizing atmosphere is the salt component of coastal waters.

Corrosion effects were observed on all the reflector specimen material
types, but not at all sites. FEK-244 aluminized acrylic was the most corrosion-

resistant reflector material in this study. Corrosion of the underlying

71



o>}

Table 2

Composition of Precipitation of Aerosols, Southwestern Desert Area

.  Precipitation

(pH =6)

AerLusuls
(Death
Valley)l3

Constituent Concentration References

c1- 0.2-0.3 mg 1 - 9
F~ = 0.02 10
Br 0.003 11
1 0.001' 12
Noj' 1.3 12
wa, 0.1 12
so4= 2.0 512
Na® 0.8 12
k' 0.2 12
ca’’ 1.5 12

H2c93,Hc03',co3= = 1.0

(mostly as H)CU,

and HCU3~)
cl 0.42 ug n~> Air
S 0.31
K - 0.24
Na 0.21
Si 0.41
Ca 0.44
Ti
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aluminum layer was observed only when the acrylic film was damaged, usually the
damage being mechanical, e.g., tearing or puncturing the film by sharp objects.
However, many specimens could not be examined closely for corrosion effects, as
the surface was heavily soiled and the soil could not be removed by a razor
blade or knife because of the soft acrylic overlayer. This technique was
employed for examining the glass reflector specimens. Difficulty was also
experienced trying to use SEM-EDAX to analyze for corrosion byproducts, because

the instrument source bubbled the acrylic film and obscured some of the data.

The second-surface silver/glass mirrors did show corrosion effects at
several of the exposure sites. There were two primary modes of corrosive attack
on the silver reflective layer. The first mode was '"edge attack', where the
corrosive material would diffuse into the silver layer from the edges of mirror
(Figure 5). This phenomenon occurred primarily along the unprotected edges of
the reflector specimen (i.e., those edges not covered by sample retainers on
the test hardware) and appeared to be self-regulating. The corrosion penetrated
to a maximum depth of 0.5 in. Further exposure did not produce continued pene-
tration depth of the corrosion. The second mode of corrosive failure for the
silvered glass mirrors (second-surface) was '"through the backing" attack. 1In
this failure mode, the corrosive material would diffuse through the permeable
paint or vinyl sheet mirror backings and attack the silver in discrete circular
patterns (Figure 11). These patterns usually corresponded to bubbling or
blistering of the protective backings, which appeared to be caused by liquid
droplets falling or condensing on these backings and diffusing through.

Figure 53 shows a 17X magnification of one of the circular corrosion patterns

on the reflector specimen shown in Figure 11.

In the more severe cases of corrosion, the silver/backing layers
delaminated or separated from the glass surface, thus producing an air pocket

between the glass and reflective layer (Figure 12).

The Alzak specimens were the most susceptible to corrosive environments.
The corrcsion effects were usually exhibited. as small pits in the reflector
surface, usually surrounded by microcracks. As the exposure time in the
corrosive environment increased, the pits became progressively larger
(Figure 54) and more numerous, until the total reflector surface was covered

(Figure 8). 1In some cases, a crystalline material was seen on the Alzak
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Figure 53. Circular Corrosion Pattern (17X magnification). Specimen 84, (glass, Dupont Imran backing), X-Plane,
exposed 4 months at Hilo Coast Processing. Specimen 84 has been cleaned.

surface and, when this was removed by a razor blade, a corrosion pit was

observed below the contaminant (Figure 13).

It is of interest that when the residually retained soil, which remains
after the reflector is cleaned, reaches a high level, the corrosion of the
Alzak reflector is inhibited, as the corrosive material can no longer reach
the surtace. This is not, however, suggested us a viable corrusion inhibition

technique for solar reflective materials.

The Alzak retlector is a front-surface mirror, and corrosion occurred on
both the front reflective surface and the rear backup material. With the glass
reflectors, which are second-surface mirrors, corrosive attack occurred through
the edge seals and the backing materials. No apparent degradation of the glass
front surface was observed. The FFK-?244 specimens arc also second-surlace
reflectors, and corrosion only occurred when the top-surface acrylic film was
damaged. No edge attack was observed, but the aluminum backup material was

degraded.

Soiling Degradation Mechanism -~ Soil deposition on solar reflector

surfaces is a serious problem because of the related loss in optical efficiency,
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200 um sk 50 um

A. Control Alzak reflector specimen maintained in a desiccated laboratory B. Photomicrograph of cleaned Alzak specimen exposed 12 months at

environment Stauffer Chemical Co. Deep corrosion pits are partially filled with soil
deposits.

Figure 54. Corrosion Pit on Alzak Specimen. Photomicrograph of enlargement (32X).



caused by losses in reflectivity, and the subsequent cost of cleaning. Many

studies have been conducted on reflectivity losses for solar reflectors as a

function of their exposure in benign environments, where benign environments

are defined as a typical solar use environment without the impact of industrial
114 15 16 17 18 ; : . :

processes. This study adds the industrial environment to the

test matrix.

Illustrations used for describing the residual soiling mechanism were
taken from worst-case situations. The residual soil problem was observed at
all sites, but to varying degrees, with the average sites reporting losses of

specular reflectance for the cleaned reflector materials of 5 to 15%.

As observed in previous studies for the bhenign environments, solar reflec
tive surfaces may become heavily soiled when exposed 30 days or more to
"real" environments (Figure 55). Th% extent of the soiling is quite dependent
upon the frequency and amount of natural precipitation, the concentration of
airborne particulates, the duration of exposure, and its location. However,
upon cleaning with conventional cleaning procedures, e.g., high-pressure water
spray or use of detergent solutions, the specular reflectance could be returned
to a value near the original reflectance.l T In some cases, small specular-

ity losses of 2 to 57 after cleaning were reported for reflectors exposed for

up to 1 year.

The soil attached to the reflector surfaces was divided into two cate-
gorles: (1) a loosely held surface soil that is weakly attached to the surface,
probably by electrostatic or Van der Waals' forces or both, and (2) a residually
retained soil (after cleaning), which is more tightly bound to the surface.

The loosely held soil is easily remnved by conventional clcaning techniques,
but the residual soil represents a potential problem for which no clear solution

has been determined.

One hypolhesis of the mechanism tor allaclment of the residual soil to
the reflector surface is as follows: the reflector surface is wetted with
water from natural or man-made sources, e.g., cooling towers, evaporation
ponds, liquid sources. The sonil is transported as airborne particulale Lo Lhe
reflector surface and is entrapped in the liquid matrix. As the liquid eva-

porates, contaminants precipitate or settle out, including the soil, carbonates

76



LL

Figure 55. Second-Surface Silvered Glass. FEK-244 and Alzak Specimen “‘as raceived”’ following 1 month
exposure at Lone Star Brewing Site.



and sulfates from natural sources, and dopants and contaminants in the man-made
liquid sources. Carbonates and sulfates are known to be natural, water-soluble
cements and, hence, cement the soil to the surface. If the soil is planar in
shape, does not absorb moisture to swell, and is cemented onto the surface in
an overlapped manner, then a soil layer seemingly impervious to cleaning solu-
tions is formed, as the aqueous cleaning solution cannot penetrate the soil
layer to dissolve the cement layer.l If the soil particles swell, the liquid
has a better chance of penetrating the soil layer to dissolve the cement. When
the reflector surface is allowed to undergo a number of thermal cycles, i.e.,
elevated temperatures of hot days to cool night temperatures with subsequent
condensation, the layers ot the residual soil build up to create an even more
tenacious residual soil layer as the layers overlap (Figure 56A). Continuous
buildup of the soil layers results in a specimen whose condition can be seen

in Figure 56B. !

The soil type believed to be the most damaging in this phenomenon is a
clay-type soil. Analyses of the residual soil layer have shown that the parti-
cles adhering to the surface are small (< 10-pym diameter). These are known
to adhere more strongly than larger particles.l 17 The three most prevalent
clay soils found in alkaline desert soils are: kaolinite clay (5 to 20% of
southwestern desert clay-sized materials), illite (35 to 70%), and mont-
morillonite (35 to /0%). Montmorillonite is the only clay of the three listed
above that has the capability to swell significant]y.zo

The types of clay that appear to be the most deleterious in the soiling
mechanism are non-swellable clays, which are extremely small in size and are
cemented to the reflector surface in an overleaf fashion to create a soil
layer seemingly impervious to existing cleaning methods. The primary non-
swellable clays.are illite and kaolinite and are found in large concentrations
in alkaline desert environments. Table 3 shows the breakdown of soil types at
the different sites and the related specular reflectance losses for FEK-244,
the only material whose reflectance losses are due almost entirely to soiling,
not corrosion. The results from the nine sites show that sites with acidic
soils have generally the lowest specular reflectance losses, followed by the
neutral soils, with the highest losses in specular reflectance being reported
at sites with alkaline soils. The Lone Star Brewing and U.S. Steel Chemical

sites have other mechanisms in addition to soil type and moisture entrapment,
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A. 4000X magnification of residual soil layer of a cleaned specimen exposed 6 months at Southern
Union Refining Co.

B. 100X magnification of residual soil layer of a cleaned specimen exposed 12 months at Stauffer
Chemical Co.

Figure 56. Residual Soil Buildup. Examples on Alzak specimen.
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Table 3
Effect of Soil Type on Specular Reflectance Losses
Average Percent Loss in

Specular Reflectance of
Cleaned FEK-244 (12-Month

Site Soil Type Soil pH Exposure, X-orientation)
Southern Union Red Prairie Alkaline 100% - near cooling tower
Refining Co. (pH >7) v127% - 1000 ft. S. cooling

tower
Stauffer Chemical Co.1 Red Desert Alkaline >15%
(pH >7)
2
Ore-Ida Foods” E Gray Desert Alkaline 15%
(pH >7)
Caterpillar Tractorl Brunizem Neutral 5-8%
(pH =7)
Lone Star Brewingl 2 Rendzina Neutral 5=15%
Co. (pH =7)
Bates Container Co. Rendzina Neutral 5%
(pH ==7)
Dow Chemical Co. Red or Yellow Acid 5-7%
Podzol (pH <7)
UieiS e Steell 3 Sol Brun Acid 15%
Chemical Co. Acide (pH <7)
Hilo Coast Not known Not known 2-20%

Processing Co.

il . :
Cooling towers were located on the site.

2 i ; ’ »
Additional soil entrapment by outgassing of tar roofs. Caterpillar Tractor
Co. was also a roof mount but roofing material was sealed with white paint.

3Unique soiling problem, i.e., white waxy deposits.

which cause them to fall somewhat out of the trend. Cooling towers accelerated
results at some sites. Organic contaminants also entrapped soil particles.

It is theorized that contaminant entrapment of soil particles played a substan-
tial role at many sites but could not be clearly isolated from the liquid
entrapment phenomenon. Effluent from industrial solvent towers, spraying of
agricultural chemicals, and effluents from surrounding industries, etc., were

also suspect.

80



Chemically, the clay minerals are best described as hydrous aluminum
silicates, with the general formula HxAlySizOr . m(HZO). Many clays will
contain other metals in addition to the aluminum (Al), particularly magnesium
(Mg) and iron (Fe). Actual compositions are never simple but show variations
in the silicone (Si):Al ratio, a variable quantity of water, and usually con-
siderable amounts of magnesium, iromn, calcium (Ca), and the alkali metals.
Clay minerals are phyllosilicates, which are silicates with continuous sheet
structures, and the characteristic structure is made up of alternating layers
of two kinds. One layer consists of the ions A1+3, 0—2, and OH_l; the negative
ions form octahedra around Al+3. This pattern is called the "gibbsite" or the
octahedral sheet. The second layer is made up of Si+4, 0—2, and OH—l ions,
with each Si+4 in the center of a tetrahedron of oxygen ions; the tetrahedra
all face the same direction, and the oxygens at their bases are linked to form
hexagonal rings. This sheet is the silica sheet of the clay structure. The
complete clay structure consists of several possible combinations of the octa-
hedral and tetrahedral sheets.21 The spacing between the consecutive sheets
is 7 to 10 angstroms for illite and kaolinite and 10 to 17.5 angstroms for
montmorillonite. The larger the spacing, the greater the swelling capability

the clay has.4 The clay minerals are then best described as water-insoluble

layers, which overlap to form flat particles of very small sizes.

Water, the second element in the residual soil mechanism, can be obtained
from natural or man-made sources. Natural sources include rain, condensation,.
dew, etc. Heavy rains prove beneficial, as they clean the reflector surfaces.
Light rains, having no runoff from specimen surfaces, appear to be the most
damaging. Man-made sources include blowoff from solvent towers, evaporation
and mixing ponds, and cooling towers. The cooling towers are probably the
single most deleterious moisture source, as the water is doped with chemicals
(carbonates, sulfates, polymers), which serve as cements for soil particles.
Many of the intermediate-temperature IPH sites have cooling towers asso-

claled with their process.

The impact of wet cooling towers was obvious at the Southern Uunion
Refining Company site, where the test hardware was located 200 ft from the
tower. Persons standing near the test rack could feel the effluent, a heavy

mist, from the tower. A microscopic examination of the reflector surfaces
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deployed 1 month at this site showed soil that had precipitated along the
perimeter of a water droplet (Figure 9A) and soil that had encrusted over

the entire area of a water droplet (Figure 9B). With the constant moisture
source from the tower, this process continued until the entire reflective
surface was covered with the soil and the specular reflectance had decreased

to 0. It is believed that the soiling phenomena at the Southern Union Refining
site is an extremely rapid acceleration of the natural soiling found in more
benign environments, the acceleration being caused by a continuous, low-level

source of moisture.

Tn some siles, an additional mechanism of soil attachment was observed in
addition to the liquid method. At sites where the environmental test hardware
was located on a roof, some types of roofing material would outgas and contami-
nate the reflector surtaces with sticky organic materials. These organics
also entrapped soil particles. It is theorized that contaminant entrapment
of soil particles played a substantial role at many sites, but it conld not be
clearly isolated from the liquid entrapment phenomenon. Effluent from indus-
trial solvent towers, spraying of agricultural chemicals, and effluents from

surrounding industries, etc., are also suspect.

Abrasion Degradation Mechanism —-- Abrasion of the solar reflective surfaces

was observed on the softer surfaces, i.e., Alzak, and particularly, FEK-244.
The abrasion phenomenon was documented by photographing an enlargement of

20 randomly selected specimens of each material type, hefore fielding, and
rephotographing them following their field exposure. In many cases, abrasion
was difficult to document because of the advanced stage of soil retention in

the latter period of the test.

Abrasion was observed on virtually all the FEK-244 specimens that were
exposed at the test sites (Figure 57). The abrasion patterns were usually
linear from side to side of the exposed specimen (i.e., cast to west or con-
versely, as arranged on the exposure rack). Abrasion was also observed on

many of the Alzak specimens, as noted in Appendix C.

Degradation of reflector surfaces by abrasion, although it does not appear
to significantly decrease the specular reflectance values, is of concern,

particularly for FEK-244 specimens. Figure 58 shows an FEK-244 specimen where
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A. Control FEK-244 aluminized acrylic sample maintained in a desiccated laboratory environment

. ] . LR 200 um
B. FEK-244 aluminized acrylic specimen exposed 1 month, X-Plane, at Stauffer Chemical Co.

Figure 57. Abrasion Degradation. FEK-244 aluminized acrylic specimen.
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B. FEK-244 aluminized acrylic specimen exposed 8 months, X-plane, at Stauffer Chemical Co.

Figure 58. Abrasion and Subsequent Corrosion. Underlying aluminum layer of FEK-244 aluminized acrylic
specimen.
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the acrylic film has been'damaged, and the subsequent corrosion ofvthe
underlying aluminum film. If, over a long period of time, the aérylic layer
is sufficiently damaged by abrasion, corrosion‘may then become a pfoblem for

this material.

Summary and Conclusions

Results obtained from the in situ exposure of solar optical materiais in
"real" industrial environments show that some serious problems have been encoun-
tered. For many sites, the projections for 30-year life expectancies for the
reflector and receiver materials evaluated in this program cannot currently be
'supported,'as a number of degradation mechanisms were observed for which easy-
fix solutions did not appear to be available. However, as this test matrix
used accumulated exposﬁre results, the long-term implications of the degrada-

tion mechanisms are difficult to predict.

Two primary degradation mechanisms for solar collector materials were
observed: (1) a residual layer of soil adhering to.the cleaned mirror surfaces,
which accounted for 5 to 15% loss in specular reflectance at all sites, and
a 90% loss at one site, after 12 months of exposure; and (2) corrosion of
‘metallic components of the reflector specimen at four of the nine industrial"
sites. A less serious degradation mechanism, abrasion of Alzak and FEK-244
specimen surfaces, did not appear to cause as large a loss in specﬁlar

reflectance.

The impact of the soil retention problem on existing and proposed full-
scale solar structures could be considerable. All test sités have shown evi-
dence, in varying degrees of sevefity,'that this problem could shorten the
useful life of the reflector in field use unless appropriate corrective actions
are taken. It is theorized that a combination of low levels of moistdre.and
particular soil types, (specific types of clay), when subjected to thermal
cycling (Figure 59) will create ideal conditions for the formation of the
tenacious layer of soil that is not removable by non-contact cleaning methods.

Although an extensive systematic evaluation of cleaning methods was beyond the
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Figure 59. Soiling Mechanism
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scope of this effort, a variety of solvents and cleaning agents were tried
(chelating agents, acidic and basic cleaning agents, organic solvents), using
both contact and non-contact cleaning ﬁethods, on glass mirror surfaces. There
was no significant improvement in the specular reflectance measurements using
these cleaning methods. .The two methods that did finally remove the soil layer,
an acid wash‘(36.52 by volume HCl, which consumed all but the glass portion of
the mirror, and the use of a surgical knifeAto scrape the soil off), showed
there was no apparent chemical aftack by the soil layer on the glass. These
methods could not be used with the FEK-244 and Aléak specimens because of

their soft surfaces and the reaction of the reflector material with an acidic

‘medium. Neither of these methods is feasible for field cleaning procedures.

Limited experiments on increased frequency of cleaning on a monthly basis
at the worst site, Southern Union Refining Co., indicated the development of
this residual layer of soil would be significantly retarded but probably not
prevented. Increased frequency of cleaning would most certainly be beneficial
'in extending the useful life expectancies of the solar reflector materials,
but the solution to preventing the residual soil layer is not apparent at this

time.

It is theorized that soil types may play a significant role in the soiling
mechanism. The results from the nine sites show that the acidic soils have
generally the lowest specular reflectance losses, followed by the neutral soils,
with the highest losses in specular reflectance being reported at sites with

alkaline soils.

- The soil types that are hypothesized to be the most deleterious in the
soiling mechanisms are non-swellable clays, which are extremely small in size
and are cemented to the reflector surface in an overleaf fashion to create
a soil layer seemingly.impervious to existing cleaning methods. The primary
non-swellable clays are illite and kaolinite and are found in large concentra-

tions 1n alkaline desert environmente.

The Lone Star Brewing and U.S. Steel Chemical sites have other soiling
mechanisms, in addition to soil type and moisture entrapment, which caused them
to fall somewhat out of the trend. Cooling towers also accelerated results at

some sites.
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Because of the variety of prqblems encountered with the three reflector
materials in different test environments, no one material can be unilaterally
recommended ‘for all environments. From a materials point of view, the single-
layer glass mirrors would be recommended for non-corrosive environments that
have a significant soiling problem, as the glass surface can be cleaned by a
contact cleaning method without damaging the surface. Glass-glass laminated
mirrors could potentially circumvent the corrosion problem also. Significantly

increased cleaning costs will result from contact cleaning methods.

In environments with less severe soiling problems but corrosive atmospheres,
the FEK-244 aluminized acrylic specimen would be preferable because of the
initial low cost of the material and the ease of replacing the f£ilwm perloddieally
when the collector effiéiency decreases to a non-useful level. The FEK-244
film has three weaknesses, the long-term impacts of which have not been quanti=
fied: (1) the susceptibility of the soft acrylic surface to damage from hand-
ling and airborne particulates; (2) the loss of specularity due to cloudiness
. on most specimens after 1 year of weathering; and (3) the apparent tendency of
the soft acrylic film to entrap particulates, thus accelerating the soiling
process. The positive aspect of the FEK-244 film is its ability to withstand

corrosion as long as the acrylic layer is intact.

The Alzak reflector material could only be recommended for the most benign
environment, ‘as it is susceptible to corrosion and probably cannot withstand
repeated ¢leaning by solar field contact methods without sustaining abrasion

damage to the surface.
Other conclusions that can be drawn from this study are:

. The Alzak reflector specimens are slightly more susceptible to soil
retention than are the second-surface glass and FEK-244 specimens.

. The relative ranking {ur ease of c¢leaning of the reflector specimens
is: silvered glasa > TFFK=244 » Alzak.

° The relative ranking for corrosion resistance of the three reflector
materials is: FEK-244 > silvered glass > Alzak.

° The black chrome receiver specimens are unaffected by thermal
cycling, but they are susceptible to specific environmental pollutant
attack. This attack degraded the optical properties of the
receiver material. ‘
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® The optical properties of the glass cover plate material are
unaffected by thermal cycling, but the cyling did cause.some speci-
mens to break. The field-exposed specimens showed relatively
little change in hemispherical transmittance for the soiled or
cleaned specimens. Large losses in specular transmittance for
the soiled specimens were reported for some sites, but cleaning
restored the specular transmittance values generally to within 90%
of the original value.

Questions which arose as a result of this study are:

) How often must the reflector materials be cleaned to maintain the
minimally acceptable optical properties? The minimally acceptable
optical properties are defined as those which will result in the’
lowest possible optical efficiency a solar system can tolerate and
still be cost effective in terms of the energy produced. The
question of the necessity of cleaning the reflector surfaces to the
non-exposed condition has not been fully explored. Trade-off studies
of cost of energy lost versus cost of cleaning reflectors to the non-
exposed optical condition would answer this question.22

® Is the process of cleaning going to play a role in accelerating the
goiling problem by supplying an additional moisture source and, if
so, must -the reflector materials be dried following each cleaning
procedure?

] Does the residual soil layer on the reflector surfaces reach an
equilibrium condition after X years of exposure or does it continue
to increase? The Southern Union Refining Co. results would indicate
that as long as a moisture source is present, the residual soil
layer will continue to increase. This has not been proven, though.

A further conclusion that could be drawn from this study is that all
future solar installations, before construction, should be diagnostically
evaluated for compatibility with solar optical materials. Parameters that
should be evaluated include meteorologicél data, s0il chemistry, plant
processes and structures and their impact on resultant air quality, and the
effect of nearby industries whose processeé could affect the solar structure
environment. Insufficient data are available at this time to develop a com-
prehensive diagnostic plan for new sites, but a considerably better under-
standing of the impact of "real" environments on solar optical materials
does now exist. - The effects of environmental impacts, e.g., cooling towers,"
can be minimized if their impact is considered during the design phasé of
the solar system and careful consideration is given to the location of the

system with respect to many of the identified impacting parameters.
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The nine industrial sites used for this study program wére selected
primarily because of the firms' interest in solar energy for industrial
processes. The problems encountered at ﬁhe sites are, then, typical of
problems that will be encountered at future sites. Diagnostic screening
processes can eliminate locations having the most severe environments or can
provide guidance on selection of materials, but if the basic degradation
mechanisms for solar optical materials are not more fully understood and
solutions developed, e.g., improved cleaning methods and materials for
reflectors, evaluation of the frequency of cleaning, and use of barrier coat-

ings, then solar energy may only be viable in the most pristine environments.
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Appendix A
GLOSSARY OF MATERIALS

1. Alzak Specimens

The Alzak refléctor,épecimens were fabricated by bonding 0.032-inch-thick
Alzak sheet to a 0.125-inch-thick sheet of aluminum with Mac Bond SB1786
adhesive. The Alzak is produced by Alcoa Aluminum Co. by using high-purity
base aluminum, which is rolled to the required thickness and electropolished
to remove all surface contaminants. The mill-rolling process gives the
Alzak directionality with respect to optical measurements. A transparent
anodic oXyd coating 1 x 10—3 inch thick is plated on the surface. The Mac

Bond adhesive is produced by Mac Tac Division of Morgan Adhesives Company.

2. Second-Surface-Silvered Glass Specimens

The single-layer glass specimens were prepared by Binswanger Corp. using 0.125-
ipch—thick PPG Co. low-irom float glass with silver, copper, and alkyd

melamine paint layers, in that order. The specimens were randomly divided

into three equal léts, and an additionai protective baéking was used on each

1/3 lot. The three backings are:

A. Imron - an air-dried polyurethane enamel available from E. I. duPont

de Nemours & Co.

B. Epoxy - a two-layer epoxy system composed of Bostik-Finch 463-12-8
primer and Bostik-Finch epoxy topcoat, gloss, 443-3.

C. Macol 4302 adhesiVe—baéked.vinyl; available from Morgan Adhesive

Company.
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3. FEK-244 Specimens

The FEK-244. aluminized acrylic specimens were prepared by bonding the FEK-244
film onto 0.125-inch aluminum back-up. The FEK-244 film is composed of a

top acrylic layer over aluminum sheet, and has a composite thickness of

0.004 inch. The film was bonded onto the aluminum by a "wet' technique,

i.e. the film was cut to size, dipped into a soap/water solution (Joy deter-
gent), and placed onto the back-up. The excess water/soap solution was
displaced using a smooth roller. The FEK-244 film was supplied by 3-M
Company. ‘

4. 'Black Chrome Receiver Specimens

The following description of the sample preparation for the black chrome
- specimens was provided by Dr. R. B. Pettit, SNLA. Dr. Pettit also provided

the specimens used in the test.

All black chrome samples were.electroplated onto mild steel subsﬁrates that
were coated with 0.001 in. of sulfamate nickel. The composition of the black
chrome Bath was carefully controlled to produce thermally stable coatings by
reducing the trivalent chromium concentration. The approximate bath compa-

sition was; :

Cr053=: 333 g/l
Addition Agent: 26-27 vol %

Iron: 8.7 g/l

cet3: 8.5 g/l
All black chrome plating was carried out at l88.mA/cm2'(l75 A/ft2) for 5.5
6 minuteé. Because the emittance values of as-deposited stable coatings
are high, all coatings were aged for 24 hrs. at 350°C in air to reduce the
emittance. Average properties of the panels supplied to MDAC, both before
and after Lhe thermal aging, are listed in Table 1A. Note that the average
300°C emittance, €(300°C), decreased from 0.36 as plated to 0.27 after the

aging. However, the solar absorptance, ag, decreased less than 0.007

absorptancc units.
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. Table 1A: Optical Properties of Electrodeposited Black,Chrdme
Coatings Before and After Thermal Aging :

After 24 hr.

- As-Deposited at -350°C
ag o ©0.974 0.967
€(300°C) . 0.36 - 0.27

5. Glass Cover Plate

These specimens were prepared from PPG Company low-iron float glass.
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Appendix A
N ‘Gean

9520 EAST CEE BEE DRIVE < DOWNEY. CALIFORNIA 90241 - TELEPHONE (213) 773-3922 & 861-1211

Corporate Headquarters: McGean Chemical Company. Inc + 1250 Terminal Tower - Cieveland. Ohio 44113 - Teiephone (216) 621-6425 - Telox 98-0403

CEE-BEE C-120

GENERAL DESCRIPTION

ciear, liquid concentrate for cleaning desert soil from solar
energy mirrors,

ADVANTAGES .
1. Highly effective on acoumulated desert soil at low concen-
trations, :

2. Requires no agitation, A
3. Drains rapidly from surface requiring minimum rinse water,
4, Made with biodegradable surfactants, : '

INTENDED USE

OPERATION: Thoroughly wet mirror surface by non-atomizing spray
application of a 4 to 8 ounce/gal. water solution of
CEE-BEE C-120., Allow surface to drain for 30 to 90
seconds. Spray rinse with distilled or deionized
water. Do not allow surface to dry before rinsing,
It may be desirable to use Cee-Bee C-121 Rinsc Aid
in the rinse water, ,

PROPERTIES

Clear straw colored liquid with acidic odor. No flash point,
Contains corrosive acids.
All surfactants contained in product are biodegradable,

PRECAUTIONS

Avold all skin or eye contact. TIlse face shield, apron, gloves

" and boots, Avold splashing nearby personnel during spray rinse,
In case of accidental contact, flush with large volumes of water
immediately and seek medical attention. Injury may not be imme-
diately aupparent, DO NOT TAKE INTERNALLY. Avoid breathing
vapors from the concentrate. ‘

Store at 30°F to 110°F., Pour carefully into Qater to avoid
splashing,

Use in'plastic or stainl’egss steel équipment.

HBH/bg

176

A4

THE McGEAN GROUP OF COMPANIES INCLUDES McGean Cremica. McGean Nornwes!‘McGean Cee Bee and McGean Armatie m Canada
Represented n Europe by Imasa (London, Pans, Mitan. Barceiona) Priants in Cieveiana OH. Lrvoma. M1 Tucker. GA. Downey
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Appendix B

Specular Reflectance Measurements

for Solar Reflectors

Plot Legend

X - 45°, upward tilt

Y - Horizontal, faceup

Z - Horizontal, facedown
Line type Soiled reflectors

Line type —--- Cleaned reflectors
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FRACTION OF ORIGINAL SPECULAR ‘REFLECTANCE

FRACTION OF ORIGINAL SPECLLAR REFLECTANCE

FIGURE B27. PLOT OF OPTICAL PROPERTIES OF COLLECTOR
SPECIMENS VS EXPOSURE DURATION
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FRACTION OF ODRIGINAL SPECULAR REFLECTANCE

FRACTION OF ORIGINAL SPECULAR REFLECTANCE

FIGURE B29. PLOT OF OPTICAL PROPERTIES OF COLLECTOR
SPECIMENS VS EXPOSURE DURATION
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FRACTION OF ORIGINAL SPECULAR REFLECTANCE
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FRACTION OF ORIGINAL SPECULAR REFLECTANCE

FIGURE 833 . PLOT OF OPTICAL PROPERTIES OF COLLECTOR
SPECIMENS VS EXPOSURE DURATION
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Appendix C

Surface Description of Mirror Specimens

ID No.

Orientation (O)

Composition (C)

Condition of glass
mirror backing

Surface description
before CB120 cleaning

Surface description
after CB120 cleaning

Identification Codé of Each Mirror Sample

Orientation of mirror spec1mens on env1ronmenta1
exposure rack

X 45° fixed angle facing south

-Y  Horizontal facing sun

Z Horizontal facing earth
Meterial composition of mirror specimen

A  Second-surface glass with DuPoint IMRON
Polyurethane backing

B Second-surface glass with MACOL 4302
' Adhesive-backed vinyl backing

c Second-surface glass with a two-layer
epoxy system composed of Bostik~Finch 463-
12-8 primer and Bostik-Finch epoxy topcoat
backlng

D FEK-244 aluminized acrylic on alumlnum
back-up

ALAZK on aluminum back—up

3M FEK-244'eluminized'acrylic on aluminum
back-up

Appearance of the backing and second-surface silver
on glass mirror specimens following environmental
exposure

See surface description key for explanatlon of
phrases used

Appearance of the surface of mirror specimens before '
cleaning procedure

See surface description key for explanatlon of -
phrases used :

Appearance of the surface of mirror specimens follow-
ing cleaning procedure

.See surface descrlptlon key for explanation of

phrases used

C
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BACKING:

SURFACE DESCRIFTICM KEY

BLZSTEREb
BLISTERéD,EDGE’COR§ODED
BLiSTERED,CENTE% CORRODED
CHI?PED.

CHIPPB), SILVER' CORRODED -

NO .CHANGE

PEELED, SILVER CORFODED
EDGE CORRODED

CENTER CORRODED

BACKING SHOWS RAISED RUBBLED AREAS, NO CORROSION OF

- SILVER‘SURFACE OBSERVED
. BACKING SHOWS RAISED BUBBLED AREAS, SILVER SURFACE IS CORRODED

ONLY AT EDGE OF MIRROR

** BACKING SHOWS RAISED 3UBBLED AREAS,SILVEFE SURFACE IS CORRODED
. UNDERNEATH BLISTERED AREAS

BACKING BREAKING OFF IN SMALL PIECES FROM EDGES OF MIRROR,

NO CORROSION :OF SILVER SURFACE OBSERVED

BACKI®G BREAKING OFF IN SMALL PIECES FROM MIRROR EDGE, SILVER
SURFACE CORRODED WHERE BACKING REMOVED

BACKING ON A DEPLOYED MIRROR IS UMNCHANGEL WHEN COMPARED TO AN
UNDEPLOYED MIRROR OF “HE SAME CCMPOSITION; SILVER SURFACE .
IS NOT CORRODED

BACKING LIFTED AWAY FROM THE EEGES OF MIRROR SILVER SURFACE
CORRODED WHERE BACKING LIFTED UP

" BACKING UNCHANGED BUT SILVER SURFACE IS DZTERIORATING

ALONG A STRIP ON EDGE OF MIRRCR

BACKING UNCHANGED BUT SILVER SURFACE IS DZTERIORATING
IN A CIRCULAR PATTERN ACROSS ENTIRE SURFACE OF MIRROR

[ 2ol



€0

o

ABRASION

ABRASIOM; PARTICULATE DEPOSITS

ABRASION ; PARTICULATE DEPOSITS,

PUDDLE-SHAPED

BROWN CRYSTALLINE DEPOSITS,
CIRCULAR PATTERN

CLEAN

CLOUDY, EXTENSIVE
PARTICULATE DEPOSITS

CLQUDY, -OVERLAPPED CIRCULAR
PARTICULATE DEPOSIT3

CRYSTALLINE DEPOSITS

CRYSTALLINE DEPOSITS,
CIECULAR PATTERN

_ PARTICULATE DEPOSITS

PAETICULATE DEPOSITS,
CIECULAR PATTERN

PARTICULATE DEPOSITS,
PUDDLE-SHAPED

PITS CONTAINING
CRYSTALLINE DEPOSITS

PITS CONTAINING
PARTICULATE DEPOSITS

SUIFACE AND PITS HAVE
PARTICULATE DEPOSITS

SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING:

SCRATCHES ON MIRROR SURFACE

SCRATCHES AND WHITE SOLID DEPOSITS IN A RANDOM PATTERN
ON MIRROR SURFACE

SCRATCHES 'AND WHITE SOLID DEPOSITED ALONG PERIMETER OF |
AN AMOEBA-LIKE SHAPE

COLORLESS CRYSTALLINE SOLID ENTRAPPING A BROWN SUBSTANCE
UNDERNEATH IT IN A PATTERN OF DROPLET SHAPES

ABSENCE OF PITS AND PARTICULATE DEPOSITS

SURFACE OF MIRROR NOT VISIBLE THROUGH A LAYER OF WHITE SOLID
DEPOSITED IN A RANDOM PATTERN

SURFACE OF MIRROR NOT VISIBLE THROUGH A LAYER OF WHITE SOLID
DEPOSITED IN A PATTERN OF OVERLAPPED CIRCLES

COLORLESS CRYSTALLINE SOLID ON MIRROR SURFACE TN A RANDOM PATTERN

COLORLESS CRYSTALLINE SOLID DEPOSITED ON MIKRROR SURFACE
IN A PATTERN OF DROPLET SHAPES

WHITE SOLID ON MIRROR SURFACE IN A RANDOM PATTERN

WHITE SOLID ON MIRROR SURFACE DEPOSITED HEAVILY AROUND PERIMETER
OF A CIRCLE, LESS HEAVILY INSIDE THE PERIMETER

WHITE SOLID ON MIRROR SURFACE DEPOSITED HEAVILY ALONG THE
PERIMETER OF AN AMOEBA-LIKE SHAPE

LARGE CRYSTALS DEPOSITED IN AND AROUND PERIMETER OF
OF PITS IN MIRROR SURFACE :

‘WHITE SOLID DEPOSITED IN ANC: AROUND PERIMETER OF PITS

IN MIRROR SURFACE

WHITE SOLID ON SURFACE IN A RANDOM PATTERN; WHITE SOLID

_DEPOSITED IN AND AROUND PERIMETER OF PITS IN MIRROR SURFACE



v

ABRASION

CLELN

CLELN; CLOUDY AT
DEPOSIT SITES |

CLEAN; SURFACE CLOUDY

DEPCSITS DECREASED

" EXTENSIVE PITTING

NO CHAMGE

PITS AMD CRZCKS,
CIRCULER PATTERN

PITS CONTAIRING DEPOSITS

PITS;CLOUDY AT DEPO3IT SITES

SURFACE DESCRI®TION AFTER CB120 CLEANING:

SCRATCHES ON MIRROR SURFACE
ABSENCE OF PITS AND PERTICULATE DEPOSITS

-MIRROE SURFACE FREE OF PITS AMC PARTICULATE CEPOSITS

BUT MIRROR REFLECTIVITY NOT RESTORED IN A3IEAS WHERE DEPOSITS
WERE PEMOVED ; '

MIRROF: SURFACE FREE OF PITS AND PARTICULATE DEPOSITS BUT
MIRROF REFLECTIVITY NCT RESTORED i

SOME EUT NOT ALL DEPOSITS ON MIRROR SURFACE REMOVED
BY CLEANING

MANY LARGE PITS
CB 12C HAD NO EFFECT ON APPEARANCE OF MIRROR SURFACE

PITS AND FISSURES ALONS THE PERIMETER OF A CIRCLE

WHITE SOLID DEPOSITED IN. AND AIOUND PERIMETER OF PITS IN MIRROR

SURFACE
MIRROR SURFACE PITTED 3UT FREE OF PARTICULATE DEPOSITS; MIRROR

REFLECTIVITY NOT RESTORED IN AIEAS WHERE DEPOSITS WERE REMOVED



S0

iD CONDITIOﬁ OF GLASS
HO © C MIRROR BACKING

1 X A NO CHANGE

6 Y A NO CHANGE

A NO CHANGE

vy
e

300 X D
313 YD
614 Y E
624 Z E

TABLE C1

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS
STAUFFER CHEMICAL CO., HENDERSON, NV

ONE MONTH ENVIRONMENTAL EXPOSURE

SAMPLE RETRIEVAL DATE, 01 OCT 1979
SURFACE DESCRIPTIOM BEFORE MCGEAN CB120 CLEANING

CLEAN

CLEAN

CLEAN

ABRASION

ABRASION

PITS CONTAINING CRYSTALLINE DEPOSITS
ABRASION

SURFACE. DESCRIPTION AFTER

" -CB120 CLEANING

CLEAN

CLEAN

CLEAN

NO CHANGE

NO CHANGE

DEPOSITS DECREASED

NO CHANGE



. 90

ID

NO O
106 X
110 Y
AL YA
301 X
34 Y
601 X
615 Y
625 Z

CONDITION 6F GLASS
C MIRROR BACKING
C BLISTERED,CCRRODED
C BLISTERED
C BLISTERED
D

D

TABLE C2

SURFACE DESCRIFTIONS OF MIRROR SPECIMENS
STAUFFER- CHEMICAL CO., HENDERSON, NV
WO MONTH ENVIIONMENTAL EXPOSURE

SAMPLE RETRIEVAL DATE, 21 NOV 1979
SURFACE DJESCRIPTION BEFORE MCGEAN CB120 CLEARING

PARTICUL}TE DZPOSITS

PARTICULATE DEPOSITS,CIRCULAR PATTERN

CLEAN

ABRASION: FARTZCULATE DEPOSITS ‘
ABRASIOH;FARTICULATE DEPOSITS, PUDDLE-SHAPED
PITS CONTAINING CRYSTALLINE DEPCSITS
-SURFACE £ND PITS HAVE PARTICULATE DEPOSITS

CLEAN

SURFACE CESCRIPTION AFTER
CB120 CLEANING

CLEAN

CLEAN

CLEAN
ABRASION;DEPOSITS‘DECREASED
NO CHANGE

NO CHANGE

PITS,CLOUDY AT DEPOSIT SITES

CLEAN



L9

ID
NO O

205 X
213 Z
302 X
315 Y
326 2
602 X
615 Y
626 Z

w

~b

TABLE C3

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS

STAUFFER CHEMICAL CO., HENDERSON, NV

THREE MONTH ENVIRONMEMTAL EXPOSURE

CONDITION OF GLASS
C MIRROR BACKING

A CHIPPED,SILVER CORRODED

B PEELED,SILVER CORRODED

B PEELED,SILVER CORRODED

D

m o O

SAMP_E .RETRIEVAL DATE, 05 DEC 1979
SURFACE DESCRIPTION BEFORE MCGEAM CB120 CLEANING

PARTICULATE DEPOSITS

PARTICULATE DEPOSITS

PARTICULATE DEPOSITS

CLOUDY,EXTENSiVE PARTICULATE DEPOSITS
CLOUDY , EXTENSIVE PARTICULATE DEPOSITS
ABRASION '

PITS CONTAINING CRYSTALLINE DEPOSITS -
PITS CONTAINING GRYSTALLINE DEPOSITS

SURFACE AND PITS HAVE PARTICULATE DEPOSITS

SURFACE DESCRIPTION AFTER
CB120 CLEANING

CLEAN

CLEAN

CLEAN

DEPOSITS DECREASED
DEPOSITS DECREASED

NO CHANGE

NO CHANGE

PITS CONTAINING DEPOSITS

SMALL PITS



TABLE C4

SURFACE DESCRITIONS OF MIRROR SPECIMENS
'STAUFFER CHEMIZAL CO., HENDERSON, NV
FOUF  MONTH EHVIRONMENTAL EXPOSURE
SAMFLE RETRIEVAL DATE, 05 JAN 1980

ID CONDITION OF GLASS ' ‘ SURFACE DESCRIPTION AFTER

NO O C MIRROR BACKENG o SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANTNS -~ 'CB120 CLEANING ~
2 X A PEELED,SILVER CORRODED ~ °  PARTICULATE DEPOSITS - |  CLEAN
10 Z A PEELED,SILVER CORRODED CLEAN -  CLEA
209 Y B PEELED,SILVER CORRODED PARTICULATE DEFOSITS o S © CLEAN
303 XD - .. PARTICULATE DEFOSITS _ - . DEPOSITS DECREASED
316 Y D | _ PARTICULATE LEFOSITS | - DEPOSITS DECREASED
3272 D ABRASION; PARTICULATE DEPOSITS o ABRASION
603 X E PITS CONTAINING CRYSTALLINE DEPOSITS - DEPOSITS DECREASED
617 Y E PITS CONTAINING CRYSTALLINE DEPOSITS © PITS CONTAINING DEPOSITS

627 Z E . SMALL FITS ' . : ) SMALL PITS



60

ID

NO O
107 X
115 Z
212 Y
304 X
NTY
328 2

604 X

618 Y
628 Z

CONDITION OF GLASS
C MIRROR BACKING
A BLISTERED,CORRODED
C SILVER CORRODED
B PEELED, SILVER CORRODED
D

D

TABLE C5

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS
STAUFFER CHEMICAL CO., HENDERSON, NV
FIVE  MONTH ENVIRONMENTAL EXPOSURE

SAMPLE RETRIEVAL DATE, 05 FEB 1980

SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING-

PARTICULATE DEPOSITS,CIRCULAR PAfTERN
PARTICULATE DEPOSITS

PARTICULATE DEPOSITS

PARTICULATE DEPOSITS

PARTICULATE DEPOSITS,CIRCULAR PATTERN
CLEAN

-SURFACE AND PITS HAVE PARTICULATE DEPOSITS
PARTICULATE DEPOSITS

PITS CONTAINING PARTICULATE DEPOSITS.

~

SURFACE DESCRIPTION AFTER
CB120 CLEANING

DEPOSITS DECREASED

CLEAN

. CLEAN

SMALL PITS
DEPOSITS DECREASED
CLEAN

PITS CONTAINING DEPOSITS

" PITS CONTAINING DEPOSITS

DEPOSITS DECREASED



012

ID
NO O
ER
206 X
211 z
305 X
323 Y
329 Z
605 X
623 Y
629 Z

‘CDNDITION OF GLASS
C MIRROR BACKIKG
C NO CHANGE
B PZELED,SILVER CORRODED
B PEELED,SILVER CCRRODED
D

D

TABLE C6

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS
STAUFFER CHEMICAL CO., HENDERSON, NV
SIX MONTH ENVZECNMENTAL EXPOSURE

SAMPLE RETRIEVAL DATE. @5 MAR 1980
SURFACE PESCRZPTION BEFORE MCGEAN CB120 CLEANING

PARTICULATE CEPGSITS

PARTICULATE DEPCSITS

PARTICULATE DEPGSITé

ABRASION; FARTICLLATE DEPOSITS,PUDDLE SHAPED
PARTICULATE DEPCSITS,CIRCULAR PATTERN
ABRASIOM ; PARTICULATE DEPOSITS

SURFACE AND PITS HAVE PARTICULATE DEPOSITS
CLOUDY,EXftNSIVE PARTICULATE DEPJSITS

EXTENSIVE PITTIING

SURFACE. DESCRIPTION AFTER
CB120 CLEANING

CLEAN

DEPOSITS DECREASED

CLEAN

ABRASION;DEPOSITS DECREASED
DEPOSITS DECREASED
ABRASION;DEPOSITS DECREASED
DEPOSITS DECREASED

PITS,CLOUDY'AT DEPOSIT SITES



LD

ID
NO O
3X
8Y

306X
322 Y
-330 Z
606 X
622 Y

630 Z

‘e

CONDITION OF GLASS
C MIRROR BACKING
A PEELED,SILVER CORRODED
A PEELED,SILVER CORRODED
A PEELED,SILVER CORRODED

D

D
D
E

m

TABLE C7

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS
STAUFFER CHEMICAL cCO., HENbERSON, NV
SEVEN MONTH ENVIRONMENTAL EXPOSURE

SAMPLE RETRIEVAL DATE, O7 APR 1980

N

SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEAMING

PARTICULATE DEPOSITS

PARTICULATE DEPOSITS,CIRCULAR PATTERN
CLEAN |

CLEAN

ABRASION; PARTICULATE DEPOéITS

PARTICULATE DEPOSITS

PITS AND SURFACE HAVE PARTICULATE DEPOSITS
CLOUDY,EXTENSIVE PARTICULATE DEPOSITS

PITS CONTAINING CRYSTALLINE DEPOSITS

SURFACE DESCRIPTION AFTER
CB120 CLEANING

CLEAN

CLEAN

CLEAN

CLEAN

ABRASION

CLEAN

DEPOSITS DECREASED
PITS;CLOUDY AT DEPOSIT SITES

DEPOSITS DECREASED



Q.
b

ID CONDITION OF GLASS
NO O C MIRROR BACKING '

TABL= €8

S_RFACE DESCRIPTIONS {'F MIRROR SPECIMENS
STAUFFER CHEMICAL CO., HENDERSON, NV
EIGFT MONTH ENVIRONMENTAL EXPOSURE

SAMFLE RETRIEVAL DATE, 02 MAY 1980

SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANZNG

111 Y C CEIPPED,SILVER CORRODZ=D PARTICULATE DEPOSITS

116 Z C CEIPPED,SILVER CORRODED PARTICULATE DEPOSITS

318 Y D PARTICULATE DE”03ITS,CIRCULAR PATTERN

33t Z D PARTICULATE DEPOSITS

619 Y E SUR?ACE AND PITS HAVE PARTICULATE DEPOSITS

631 Z E

PITS CONTAINING CRYSTALLINE DEPOSITS

SURFACE DESCRIPTION AFTER
CB120 CLEANING

CLEAN

CLEAN

DEPOSITS DECREASED

DEPOSITS DECREASED

~ PITS CONTAIMING DEPOSITS

EXTENSIVE PITTING



€10

-ID

NO O

- 207 X

210 Y

"216 Z

309 X
319 ¥
335 i
608 X
613 Y
635 Z

CONDITION OF GLASS
C MIRROR BACKING -
B PEELED,SILVER CORRODED
B PEELED,SILVER CORRODED
B PEELED,SILVER CORRODED
D
D

22 B w4

TABLE C9

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS
STAUFFER CHEMICAL CO., HENDERSON, NV
NINE MONTH ENVIRONMENTAL EXPOSURE

SAMPLE. RETRIEVAL DATE, 05 JUN 1980
SURFACE DESCRIPTION BEFORE MCGEAM CB120 CLEANING

PARTICULATE DEPOSITS

PARTICULATE DEPOSITS

PARTICULATE DEPOSITS

CLOUDY, EXTENSIVE PARTICULATE DEPOSITS
ABRASION; PARTICULATE DEPOSITS,PUDDLE-SHAPED
PARTICULATE DEPOSITS

SURFACE AND PITS HAVE PARTICULATE DEPOSITS
SURFACE AND PITS HAVE PARTICULATE DEPCSITS

PITS CONTAINING CRYSTALLINE DEPOSITS

SURFACE DESCRIPTION AFTER
CB120 CLEANING

CLEAN

DEPOSITS DECREASED

DEPOSITS DECREASED
CLEAN;CLOUDY AT DEPOSIT SITES
CLEAN;CLOUDY AT DEPOSIT SITES
DEPOSITS DECREASED

DEPOSITS DECREASED |

DEPOSITS DECREASED

EXTENSIVE PITTING



¥1-0

ID

17
308
320
334
609
6]2

634

CONDITION OF GLESS
O C MIRROR BACKING

X A CHIPPED,CORRODEL
Y A CHIPPED,CORRGDEL

Z C NO CHANGE

D

~N
<o

m

TABLE C10

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS
STAUFFER CHEMICAL CO., HENDERSON, NV

TEN MONTH ENYIRONMENTAL EXPOSURE
SEMPLE RETRIEVAL CATE, C5 JUL 1980

SURFACE DESZRIPTION BEFORE MCGEAN CB120 CLEANING

PARTICULATE DEPOSITS
PARTICULAT= DEPOSITS
PARTICULATZ DEPOSITS
PARTICULATE DEPO3ITS,PUCDLE SHAPED

' PARTICULATE DEPOSITS,PUbDLE SHAPED
PARTICULATE DEPOSITS _
SURFACE AND PITS HAVE PARTICULATE LEPOSITS
SURFACE AND ?ITS HAVE PARTICULATE DEPOSITE

PITS CONTAINING CRYSTALLINE DEPOSITS

SURFACE DESCRIPTION AFTER
CB120 CLEANING

DEPOSITS DECREASED

CLEAN

CLEAN

CLEAN;CLOUDY AT DEPOSIT SITES
CLEAN;CLOUDY AT DEPOSIT SITES
NO CHANGE |
DEPOSITS DECREASED

DEPOSITS DECREASED

DEPOSITS DECREASED



Gt-0

ID
m o
12 2
112 Y
208 ¥
311 X
312 ¥
333 2
610 X
620 Y
633 Z

COMDITION OF GLASS -
C MIRROR BACKING

A CHIPPED,CORRODED

C CHIPPED,CORRODED

B PEELED, CORRODED

D

D

TABLE C11 ‘
SURFECE DESCRIPTIONS OF MIRROR SPECIMENS
STAUFFER CHEMICAL CO., HENDERSON, NV
ELEVEN MONTH ENVIRONMENTAL EXPOSURE

SAMPLE RETRIEVAL DATE, 01 AUG 1980
SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING

PARTICULATE DEPOSITS

PARTICULATE DEPOSITS,PUDDLE-SHAPED
PARTICULATE DEPOSITS

PARTICULATE DEPOSITS,PUDDLE-SHAPED
PARTICULATE DEPOSITS,PUDDLE-SHAPED
ABRASION; PARTICULATE DEPOSITS

SURFACE AND PITS HAVE PARTICULATE DEPOSITS
SURFACE AND PITS HAVE PARTICULATE DEPOSITS

SURFACE AND PITS HAVE PARTICULATE DEPOSITS

SURFACE DESCRIPTION AFTER
CB120 CLEANING

CLEAN

CLEAN

CLEAN

CLEAN,CLOUDY AT DEPOSIT SITES
DEPOSITS DECREASED

DEPOSITS DECREASED

DEPOSITS DECREASED

DEPOSITS DECREASED

PITS AND CRACKS,CIRCULAR PATTERN



91-0

ID
NO

- 109

211
215
310
321
332
611
621
632

0

CONDITION OF SLESS
C MIRROR BACKINSG
C CHIPPED,CORRODEL
B PEELED,CORROL'=D
B PEELED,CORROLED
D

D

TA3LE C12

SURFACE DESCRIPTICNS OF MIRROR SPECIMENS
SIAUFFER CHEMICAL CO., FENDERSOM, NV
TWELVE MONTH ENVIRONMENTAL EXPOSURE

SOMPLE RETRIEVAL DATE, Q1 SEP 1980
SURFACE DESCRIPTION BEFORE MCGEAM CB120 TL_EANING

PARTICULATE DEPOSITS

PARTICULATE DEPOSITS

PARTICULATE DEPO3ITS

CLOUDY,OVERLAPPED CIRCULAR PARTICULATE DEPOSITS
. CLOUDY,OVERLAPPED CIRCULAR PARTiCULATE DEPOSITS

ABRASION;PARTfCULATE bEPOSITS

SURFACE AND PITS HAVE PARTICULATE DEPOSITS

SURFACE AMD PITS HAVE PARTICULATE DEPOSITS

. PITS CONTAINING PARTICULATE DEPOSITS

SURFACE DESCRIPTION AFTER
CB120 CLEANING

CLEAN

CLEAN

CLEAN

NO CHANGE

NO CHANGE

DEPOSITS DECREASED
DEPOSITS DECREASEb
DEPOSITS DECREASED

NO CHANGE



L1

1D
NO O
us X
284 Y
408 Y‘
420 2
432 X
708 Y
720 2

732 %

CONDITION O GLASS
C MIRROR BACKING
A NO CHANGE
B NO CHANGE
D

D

22 I ]

TABLE C13

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS
ORE-IDA FOODS, INC., ONTARIO, OR

ONE MONTH ENVIRONMENTAL EXPOSURE

SAMPLE RETRIEVAL DATE, 07 DEC 1979
SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING

CLEAN

CLEAN

ABRASION; PARTICULATE DEPOSITS
ABRASION; PARTICULATE DEPOSITS
ABRASION; PARTICULATE DEPOSITS
PARTICULATE DEPOSITS

CLEAN

PARTICULATE DEPOSITS

SURFACE DESCRIPTION AFTER
CB120 CLEANING

CLEAN
CLEAN
ABRASION

ABRASION;DEPOSITS DECREASED

DEPOSITS DECREASED
CLEAN

DEPOSITS DECREASED



81-0

ID

W5 Y
146 Z
150 X
409 Y
421 2
433 X
709 Y
721 2
733 X

CONDITION OF GLASS
C MIRROR BACKING
C NO CHANGE
C NO CHANGE
C NO CHANGE
D
D

N

TABLE C14

SURFACE DESCRIPTICNS OF MIRROR SPECIMENS
OFE-IDA FOODS, INC., ONTARIO, OR

TAO ~ MONTH ENVIRONMENTAL EXPOSURE
SEMPLE RETRIEVAL LCATE, C7 JAH 1980

. SURFACE DESCRIPTION BEFORE MCGEAN CB120 C;EANINE

PARTICULATE DEPCSITS
CLEAN: 3

PARTICULATE DEPOSITS

PARTICULATE DEPOSITS

PARTICULATE DEPOSITS, CIRCULAR PATTERN
PARTICULATZ DEPOSITS

PITS CONTAINING PARTICULATE DEPOSITS
EARTICULAIE bEPOSITS

PITS CONTAINING 2ARTICULATE DEPOSITS

SURFACE DESCRIPTION AFTER
CB120 CLEANING

CLEAN

" CLEAN

DEPOSITS DECREASED
ﬁtPOSITS DECREASED
PITS AND CRACKS, CIRCULAR PATTERN
DEPOSITS DECREASED .
SMALL PITS

CLEAN

SMALL PITS



613

ID
NO O

CONDITICN OF GLASS

C MIRROR BACKING

A NO CHANGE
B NO CHANGE
B NO CHANGE
D

D

TABLE C15

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS
ORE-IDA FOODS, INC., ONTARIO, OR

THREE MONTH ENVIRONMENTAL EXPOSURE

SAMPLE RETRIEVAL DATE, 19 FEB 1980
SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING

PARTICULATE DEPOSITS

CLEAN

'PARTICULATE DEPOSITS
PARTICULATE DEPOSITS
ABRASION

ABRASION; PARTICULATE DEPOSITS
PARTICULATE DEPOSITS -

CLEAN

PITS CONTAINING CRYSTALLINE DEPOSITS

SGRFACE DESCRIPTIO“ AFTER
CB120 CLEANING

CLEAN

CLEAN

CLEAN

DEPOSITS DECREASED

NO CHANGE

ABRASION;DEPOSITS DECREASED
CLEAN

CLEAN

SMALL PITS



020

D

NO
u2
u6
243
b1
423
435
711
723
734

0

N ] ] >3

CONDITION OF GLASS
C MIRROR BACKING -

A NO CHANGE
A NO CHANGE

B NO CHANGE

D
D
D

THBLE C16

SURFACE DESCRIPTIONS CF MIRROR SPECIMENS
OXE-IDA FOODS, INC., CNTARIO, OR

FCUF  MONTH ENVIRONMENTAL EXPOSURE
SAMFLE RETRIEVAL DATE, 07 MAR 1980

SURFACE DZ3CRIPTION BEFORE MCGEAK CB120 CLEANZNG

CLEAN
PARTICULATE DEPOSITS

PARTICULATE DEPOSITS

PARTICULATE DEPOSITS

ABRASION

ABRASION; FARTICULATE DEPOSITS

PITS CONTAINING CRYSTALLINE CEPOSITS
"CLEAN

PITS CONTAINING CRYSTALLINE DEPOSITS

SURFACE DESCRIPTION AFTER

- CB120 CLEANING

CLEAN

CLEAN

CLEAN

DEPOSITS DECREASED
NO CHANGE

ABRASION

SMALL PITS

CLEAN

DEPOSITS DECREASED



122

TABLE C17

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS
ORE-IDA FOODS, INC., ONTARIO, OR

FIVE MONTH EMVIRONMENTAL EXPOSURE
SAMPLE RETRIEVAL DATE, 07 APR 1980

D CONDITION OF GLASS SURFACE DESCRIPTION AFTER

NO O C MIRROR BACKING SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING CB120 CLEANING

14 Y C NO CHANGE ABRASION o NO CHANGE

147 Z C NO CHANGE PARTICULATE DEPOSITé,CiRCULAR PATTERN CLEAN

151 X C NO CHANGE PARTICULATE DEPOSITS,CIRCULAR PATTERN CLEAN

Y4 Z D PARTICULATE DEPOSITS : CLEAN,CLOUDY AT DEPOSIT SITES
436 X D ' ABRASION; PARTICULATE DEPOSITS - DEPOSITS DECREASED

724 Z E PARTICULATE DEPOSITS | CLEAN,CLOUDY AT DEPOSIT SITES

735 X E PARTICULATE DEPOSITS DEPOSITS DECREASED



TAA0]

1D
NO 0
39 Y
48 X
18 Z
07 Y
429 Z
438 X
719 Y
731 Z
737 X

CONDITION OF SLASS
C MIRROR BACKING
A NO CHANGE
A NC CHANGE
C NO CHANGE
D
D

TABLE C18

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS

CRE-IDA FOODS, INC., ONTARIO, OR

SIX

MONTH ENVIRONMENTAL EXPOSURE

SAMPLE RETRIEVAL DATE, C7 MAY 1980

SURFACE CE3CRIPTION BEFORE MCGEAN CB120 CLEANING

PARTICULATE DEPOSITS

PARTICULATE DE>03ITS

CLEAN

PARTICULATE DEPOSITS,CIRCULAR PATTERN
ABRASION; PARTICULATE DEPOSITS
ABRASION; PARTICULATE DEPOSITS
ABRASION

ABRASION

PARTICULATE DEPOSITS

SURFACE DESCRIPTION AFTER
CB12C CLEANING

DEPOSITS DECREASED

CLEAN

CLEAN

DEPOSITS DECREASED

ABRASION

ABRASION;DEPOSITS DECREASED
NO CHANGE l
HO CHANGE

DEPOSITS DECREASED



€20

ID
NO O
uy z
153 X
2u2 Y
w6 ¥
430 Z
437 X
718 Y
729 Z
738 X

CONDITIDN OF GLASS
C MIRROR BACKING

A NO CHANGE
C BLISTERED
B NO CHANGE
D

D

TABLE C19

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS

ORE-IDA FOODS, INC.,

ONTARIO, OR

SEVEN MONTH ENVIRONMENTAL EXPOSURE

SAMPLE RETRIEVAL DATE, 07 JUN 1980

SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING

PARTICULATE
PARTICULATE
PAhTICULATE
PARTICULATE

ABRASION

PARTICULATE

PARTICULATE
ABRASION'

PARTICULATE

DEPOSITS, CIRCULAR PATTERN
DEPOSITS, CIRCULAR PATTERN
DEPOSITS

DEPOSITS,CIRCULAR PATTERN

DEPOSITS,CIRCULAR PATTERN

DEPOSITS

DEPOSITS

SURFACE DESCRIPTION AFTER
CB120 CLEANING

CLEAN

CLEAN

CLEAN

DEPOSITS DECREASED

.NO CHANGE

NO CHANGE
DEPOSITS DECREASED
NO CHANGE

DEPOSITS DECREASED



¥Z-0

ID
NO O
W3 Y
152 X
2u8 2
M2 Y
115 Y
431 2
T3 Y
728 7
739 X

CONDITION OF GLESS
C MIRROR BACKING
C NO CHANGE
C NO CHANGE
B NC CHANGE
D

D

~ TABLE €20

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS
ORE-IDA FOODS, INC., ONTARIO, OR
EIGHT MONTH ZNVIRONMENTAL EXPOSURE -

SAMPLE RETRIEVAL DATE, C7 JUL 1980

SURFACE DESCRIPTION BEFORE MCGEAN CB120 CiLEANING

PARTICULATE DEPOSITS
PARTICULATE DEPO3ITS
PARTICﬁLATE DE®03ITS
ABRASION; PARTICULATE DEPOSITS
ABRASION; PARTICULATE DEPOSITS
ABRASION

PARTICULATE DEPOSITS
PARTICULATE DEFOSITS

PARTICULATE DEFOSITS

SURFACE DESCRIPTION AFTER
CB120 CLEANING

DEPOSITS DECREASED

DEPOSITS DECREASED

CLEAN

ABRASION ; DEPOSITS DECREASED
ABRASION; DEPOSITS DECREASED
NO CHANGE

NO CHANGE

DEPOSITS DECREASED

DEPOSITS DECREASED



T AR)

ID
NO O
38 Y
251 X
Wy y
yzs z
439 X
T4°Y
726 Z

741 X

CONDITION OF GLASS
C MIRROFR BACKING

A CHIPPED, CORRODED

B NO CHANGE

D
D
D
B
E
E

TABLE C21

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS
ORE-IDA FOODS, INC., ONTARIO, OR

NINE  MONTH ENVIRONMENTAL EXPOSURE

SAMFLE RETRIEVAL DATE, 07 AUG 1980

SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING

PARTICULATE DEPOSITS
PARTICULATE DEPOSITS
ABRASION; PARTICULATE DEPOSITS
PARTICULATE DEPOSITS
ABRASION; PARTICULATE DEPOSITS
PARTICULATE DEPOSITS
PARTICULATE DEPOSITS

PARTICULATE DEPOSITS

SURFACE DESCRIPTION AFTER
CB120 CLEANING

DEPOSITS DECREASED

DEPOSITS DECREASED

ABRASION; DEPOSITS DECREASED
DEPOSITS DECREASED

ABRASION; DEPOSITS DECREASED
NO CHANGE

DEPOSITS DECREASED

DEPOSITS DECREASED



9Z-0

ID
NO

43
2u1
250
413
426
iy
715
725
740

0

CONDITION OF GLASS
C MIRROR BACKING®
A NO CHANGE
B NO CEANGE
B NO CHEANGE
] .
D

D

TABLE C22

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS

ORE-IDA FOODS, INC.,

ONTARIO, OR

TEN MONTH ENVIRONMZNFAL EXPOSURE'

SAMPLE RETRIEVAL DATE, 07 SEP 1980

SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING

PARTICU_ATE
PARTICU_ATE
PARTICULATE
PARTICULATE
- PARTICULATE
PARTICULATE
PARTICULATE
PARTICULATE

PARTICULATE

DEPOSITS

DEPOSITS

DEPOSITS

DEPQSITS

DEPOSITS

PEPCSITS

DEPGSITS, PUDDLE-SHAFED
DEPGSITS,CIRCULAR PATTERN

DEPQSITS

SURFACE DESCRIPTION AFTER
CB120 CLEANING

DEPOSITS DECREASED
DEPOSITS DECREASED
DEPOSITS DECREASED
DEPOSITS DECREASED

NO CHANGE

NO CHANGE

DEPOSITS DECREASED
DEPOSITS DECREASED

DEPOSITS DECREASED



L2

-ID
NO O

3Ty

419 Y
27 7
a1 X
716 Y
127 1

CoTH2 X

CONPITIDN OF GLASS
C MIRROR BACKING

A NO CHANGE .

D

TABLE €23

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS
ORE-IDA FOODS, INC., ONTARIO, OR ’
ELEVEN MONTH ENVIRONMENTAL EXPOSURE

SAMPLE RETRIEVAL DATE, 07 OCT 1980

SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING .

PARTICULATE DEPOSITS,PUDDLE-SHAPED

| PARTICULATE DEPOSITS,PUDDLE-SHAPED
ABRASION;PARTICGEATE DEPOSITS
ABRASION;PARTICULATE DEPOSITS, PUDDLE-SHAPED
PARTiCdLATE DEPOSITS, PUDDLE-SHAFED
PARTICULATE DEPOSITS,CIRCULAR PATTERN

PARTICULATE DEPOSITS,PUDDLE~-SHAPED

SURFACE DESCRIPTION AFTER®
CB120 CLEANING

DE?OSITS DECREASED

_ NO CHANGE

NO CHANGE

ABRASION; DEPOSITS DECREASED
DEPOSITS DECREASED
DEPOSITS DECREASED

DEPOSITS DECREASED



820

ID

NO
u7
12
2u6
118
428
77
730

0

X
Y
Z

Y

CONDITION OF GLASS
C MIRROR BACKING

TABLE €24

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS
ORE-TDA FCODS, INC., ONTARIO, OR

TWELVE MONTH ENVIRONMENTAL EXPOSURE

SAMPLE RETRIEVAL DATE, 07 NOV 13880

SURFACE DESCRIPTION BEFCRE MCGEAW CB120 CLEANZNG

A BLISTERED, CENTER CORROSION CLOUDY, EXTENSIVE PARTICULATE DEPOSITS

C CENTER CORROSION
B NO CHANGE

D
D

m

PARTICULATE DEPOSITS, PUDDLE-SHAPED(WHITE AND GREASY)
PARTICULATE DEPOSITS, PUDDLE-SHAPED

PARTICULATE DEPOSITS, PUDDLE-SHAPED(WHITE AND GREASY)
PARTICULATE DEPOSITS, PUDDLE-SHAPED '
'PARTICULATE DEPOSITS, PUDDLE-SHAFED(WHITE AND GREASY)
PARTICULATE DEPOSITS, CIRCULAR PATTERN

SURFACE DESCRIPTIONM AFTER
CB120 CLEANING

CLEAN

DEPOSITS DECREASED
DEPOSITS DECREASED
DEPOSITS DECREASED
DEPOSITS DECREASED
DEPOSITS DECREASED

NO CHANGE



620

D
No 0

53 2

57 X
61 Y
nuy Y
167 2
468 X
THY Y
767 2
768 X

CONDITION OF GLASS
C MIRROR 3ACKING
A NO CHANGE
A NO CHANGE
A NO CHANGE
D

D
D
E

™

™M

TABLE C25

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS
DOW CHEMICAL CO., DALTON, GA

ONE MONTH ENVIRONMENTAL EXPOSURE
SAMPLE RETRIEVAL DATE, 06 DEC 1979

SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING

CLEAN
" CLEAN
CLEAN
ABRASION; PARTICULATE DEPOSITS
ABRASION
ABRASION
CLEAN
CLEAN

PARTICULATE DEPOSITS -

SURFACE DESCRIPTION AFTER
CB120 CLEANING

CLEAN

CLEAN

CLEAN

ABRASION

NO CHANGE

‘CLEAN

CLEAN

CLEAN



0e-0

ID

NO O
54 Y
158 Z
162 X
uuys y
us7 Z

T8 Y

757 Z
769 X

CCNDITION OF GLA3S
C MIRROR BACKING
C BLISTERED
C NO CHANGE
C NO CHANGE
D
D

m m

s

THBLE C26

SURFACE DESCRIPTIONS CF MIEROR SPECIMENS
DOW CHEMICAL CO., DALTON, CA

TWO MONTH ENVIRONMENTAL EXPOSURE

SAMALE RETRIEVAL DATE, 0o JAN 1980
SURFACE DESCRIPTZON BEFORE MCGEAN CB120 CLEANING

PARTICULATE DEPOSITS

CLEAN

PARTICULATE DEPOSITS

ABRASION; PARTICULATE DEPOSITS
ABRASION

PARTICULATE DEROSITS,PUDDLE-SHAPED
CLEAN

PARTICULATE DEPOSITS,PUDDLE-SHAPED

SURFACE DESCRIPTION AFTER
CB120 CLEANING

CLEAN

CLEAN

CLEAN

ABRASION; DEPOSITS ‘DECREASED
NO CHANGE

CLEAN

CLEAN

DEPOSITS DECREASED



- 1€0

)

W 0
253 Y
257 2
261 X
6 Y
458 7
470 X
746 Y
758 Z
770 X

CONDITION OF GLASS
C MIRROR BACKING
B NO CHANGE
B NO CHANGE
B NO CHANGE
D
D

TABLE C27.

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS
DOW CHEMICAL CO., DALTON, GA

THREE MONTH ENVIRONMENTAL EXPOSURE

SAMPLZ RETRIEVAL DATE, 06 FEB 1980
SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING

PARTICULATE DEPOSITS

PARTICULATE DEPOSITS,CIRCULAR PATTERN
'PARTICULATE DEPOSITS

ABRASION; PARTICULATE DEPOSITS,PUDDLE-SHAPED
ABRASION

ABRASION; PARTICULATE DEFOSITS

PARTICULATE DEPOSITS, PUDDLE-SHAPED
CLOUDY, EXTENSIVE WHITE PARTICULATE DEPOSITS

PARTICULATE DEPOSITS, CIRCULAR PATTERN

SURFACE DESCRIPTION AFTER
CB120 CLEANING

CLEAN

CLEAN _

DEPOSITS DECREASED

ABRASION ; DEPOSITS DECREASED'

NO CHANGE

ABRASION

PiTS; CLOUDY AT DEPOSIT SITES
NO CHANGE

CLEAN; CLOUDY AT DEPOSIT SITES



[A%e]

ID
NO
50
54
58
uy7
459
471
Tu7
759
T71

0

Y

CCNDITION OF GLASS
C MIRROR BACKING
A CHIPPED
A NO CHANGE
A CHIPPED
D
D

TABLE C28

SURFACE DESCRIPTIONS CF MIRROR SPECIMENS
DOW :CHEMICAL CO., DALTON, GA |

FOJR  MONTH ENVIRONMENTAL EXPOSURE

SKMFLE RETRIEVAL DATE, 05 MAR 1980
SURFACE DESCRI>TION BEFORE MCGEAN CB120 CLEANING

PARTICULATE DE20SITS

CLEAN

PARTICULATE DEPOSITS

ABRASION

ABRASION

ABRASION; PARTICULATE DEPOSITS,PULCDLE SHAFED
PARTICULATE DEFOSITS,PUDDLE SHAPED

CLEAN ‘

PARTICULATE DEFOSITS,PUDDLE SHAPED

SURFACE DESCRIPTION AFTER
CB120 CLEANING

CLEAN

CLEAN

CLEAN

NO CHANGE

NO CHANGE

CLEAN,CLOUDY AT DEPOSIT SITES
CLEAN;CLOUDY AT DEPOSIT SITES
CLEAN

CLEAN



€€-0

155
159
163
nug
160
u72
748

760

772

CONDITION OF GLASS
C MIRROR BACKING
C NO CHANGE
C NO CHANGE
C CHIPPED
D
D

TABLE C29

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS
DOW CHEMICAL CO., DALTON, GA

FIVE MONTH ENVIRONMENTAL EXPOSURE

SAMPLE RETRIEVAL DATE, 06 APR 1930
SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING

CLEAN

CLEAN

CLEAN

PARTICULATE DEPOSITS

ABRASION

ABRASION

_PARTICQLATE DEPOSITS, PUDDLE SHAPED
PARTICULATE DEPOSITS

PARTICULATE DEPOSITS,PUDDLE SHAPED

SURFACE DESCRIPTION AFTER
CB120 CLEANING

CLEAN

CLEAN

CLEAN

CLEAN

NO CHANGE

NO CHANGE
CLEAN,CLOUDY AT DEPOSIT SITES
CLEAN

CLEAN



v€-0

1D

NO
254
258
149
461

' 7h9

761

CONDITION OF GLASS

.0 C MIRROR BACKIN(:

Y B NO CHANGE
Z B NO CHANGE

YD

TABLE C30

SURFACE bESCRIPTIONS OF MIRROR SPECIMENS
DCW CHEMICAL CO., DALTON. GA

SIk MONTH ENVIROMMENTAL EXPOSURE
SAMPLE. RETRIEVAL DETE, 06 MAY 1930

SURFACE DESCRIPTION BEFORE MCGEAM CB120 CLEANING

PARTICULATE DEPOSITS,PUDDLE-SHAPED.
CLEAN

ABRASION;PARTICULATE DEPOSITS
ABRASION ‘
PARTICULATE DEPOSITS, PUDDLE-SHAPED

CLEAN

SURFACE DESCRIPTION AFTER
CB120 CLEANING

CLEAN

CLEAN

ABRASION

NO CHANGE

CLEAN;CLOUDY AT DEPOSIT SITES

CLEAN



Ge-0

- Ik

N2

51
59
62
450
162
47Y
750
762
774

0

CONDITION OF GLASS
C MIRROR BACKING

Y A CHIPPED

X

A NO CHANGE
A NO CHANGE
D
D

TABLE C31

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS

DOW CHEMICAL CO., DALTON, GA

SEVEN MONTH ENViRONMENTAL EXPOSURE

SAMPLE RETRIEVAL DATE, 06 JUN 1980
SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING

PARTICULATE DEPOSITS,PUDDLE-SHAPED
PARTICULATE DEPOSITS

CLEAN
ABRASION;PARTICULATE.DEPOSITS
ABRASION;PARTICULATE DEPOSITS
ABRASION; PARTICULATE DEPOSITS
PARTICULATE DEPOSITS,PUDDLE-SHAPED
CLEAN

PARTICULATE DEPOSITS,PUDDLE-SHAPED

SURFACE DESCRIPTION AFTER
CB120 CLEANING .

CLEAN

CLEAN

CLEAN

ABRASION;DEPOSITS DECREASED
ABRASION

ABRASION; DEPOSITS DECREASED
CLEAN;CLOUDY AT DEPOSIT SITES
CLEAN '

CLEAN;CLOUDY AT DEPOSIT SITES



9g-0

1D
NO 0
156 Y
160 Z
164 X
151 Y
463 Z
475 X
751 Y
763 2

CONDITION OF GLASS
C MI3IROR BACKING
C NO CHANGE
C NO CHANGE
C NO CHANGE
D
D

TFBLE C32

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS
DCW CEEMICAL CO., DALTON, GA

EIGHT MONTH ENVZRCNMENTEL EXPOSURE

SANPLE RETRIEVAL DATE, Of JUL 1980
SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING

PARTICULATE DEPOSITS,PUDDLE SHAPED

CLEAN . : !
PARTICULEATE DEPOSITS,PUDDLE SHAPED
PARTICULATEIDEPOéITS,PUDDLE SHAPED
ABRASION;FARTICULATE DEPOSITS

ABRASION ;FARTICULATE DEPOSITS,PUDDLE SHAP=ZD
PARTICULATE DEFOSITS,PUDDLE SHAPED
PARTICULATE DEPOSITS | i

SURFACE- DESCRIPTION AFTER
CB120 CLEANING

DEPOSITS DECREASED

CLEAN

- CLEAN

ABRASION;DEPOSITS DECREASED
ABRASION

CLEAN;CLOUDY AT DEPOSIT SITES
CLEAN;CLOUDY AT DEPOSIT SITES

CLEAN



LE-D

764

1D
NO O

A5 Y

259 7

263 X
452 Y
n6Y

[ ]

476 X
752 Y

~

776 X

CONDITION OF GLASS
C MIRROR BACKING
B NO CHANGE
B NO CHANGE
B NO CHANGE
D

D

TABLE £33

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS
DOW CHEMICAL CO., DALTON, GA
NINE MONTH ENVIRONMENTAL EXPOSURE

SAMPLE RETRIEVAL DATE, 06 AUG 1980
SURFACE DESCRIPTION BEFORE MCGEAN CB12(: CLEANING

PARTICULATE DEPOSITS,PUDDLE-SHAPED
PARTICULATE DEPOSITS

PARTICULATE DEPOSITS

PARTICULATE DEPOSITS, PUDDLE-SHAPED
ABRASION

ABRASION; PARTICULATE DEPOSITS,PUDDLE-SHAPED
PARTICULATE DEPOSITS, PUDDLE-SHAPED
PARTICULATE DEPOSITS

PARTICULATE DEPOSITS,PUDDLE-SHAPED

SURFACE DESCRIPTION AFTER

. CB120 CLEANING

DEPOSITS DECREASED

CLEAN

CLEAN

CLEAN; CLOUDY AT DEPOSIT SITES
NO CHANGE

ABRASION;CLOUDY AT DEPOSIT SITES
CLEAN; CLOUDY AT DEPOSIT SITES
CLEAN o

CLEAN,CLOUDY AT DEPOSIT SITES



8€-0

D
NO O
52 Y
56 Z
60 X
us3 Yy
1465 Z
77 X
753 Y
765 Z
777 X

CCNDITION QOF GLAS3S
C MIRROR BACKINZ:
A NO CHANGE
A NO.CHANGE
A NO CHANGE
D
D

TA3LE C34
SURFACE DESCRIPTIONS OF “IIRROR SPECIMENS
DOW CHEMICAL CO., DALTON, GA

TEN'  MONTH ENVIRONMENTAL EXPOSURE

SAMPLE RETRIEVAL DATE, 05 SEP 1980

SURFACE SESCRIPT=ON BEFORE MCGEAR CB120 CLEANING

PARTICULATE DEPOSITS,PUDDLE-SHAPED
PARTICULATE DEPOSITS

PARTICULATE DEPOSITS,PUDDLE-SHAPED
ABRASION: PARTICULATE DEPOSITS,PUCDLE-SHAFED
ABRASION

ABRASION; FARTICULATE DEPOSITS, PUDDLE-SHAPED
PARTICULATE DEPOSITS,PUDDLE-SHAPED
'PARTICULATE DEFOSITS

PARTICULATE DEPOSITS

SURFACE DESCRIPTION AFTER
CB120 CLEANING

CLEAN

CLEAN

CLEAN

ABRASION;CLOUDY AT DEPOSIT SITES
NO CHANGE

ABRASION

CLEAN,CLOUDY AT DEPOSIT SITES
CLEAN

DEPOSITS DECREASED

\



6€-0

TABLE €35
SURFACE DESCRIPTIONS OF MIRROR SPECIMENS
DOW CHEMICAL CO., DALTON, GA

" ELEVEN MONTH ENVIRONMENTAL EXPOSURE

SAMPLE RETRIEVAL DATE, 06 OCT 1980

8 CONDITION OF GLASS - SURFACE DESCRIPTION AFTER

NO O0C MIRROR BACKING SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING ~ CB120 CLEANING

157 Y C CHIPPED,CO3RODED PARTICULATE DEPOSITS, PUDDLE-SHAPED DEPOSITS DECREASED

161 Z C NO CHANGE PARTICULATE DEPOSITS ‘ CLEAN |

165 X C NO CHANGE PARTICULATE DEPOSITS . .CLEAN

usy Y D ABRASION; PARTICULATE DEPOSITS,PUDDLE-SHAPED ABRASION;DEPOSITS DECREASED
466 Z D . | ABRASION; PARTICULATE DEPOSITS ABRASION

478 X D ABRASION; PARTICULATE DEPOSITS | ABRASION;DEPOSITS DECREASED
75“ YE o ' PARTICULATE DEPOSITS,PUDDLE-SHAPED. CLEAN,CLOUDY AT DEPOSIT SITES

766 Z E PARTICULATE DEPOSITS DEPOSITS DECREASED

T8 X E | . PARTICULATE DEPOSITS, PUDDLE-SHAPED - DEPOSITS DECREASED



ov-0

D
NO O
256 Y
260 Z
264 X
us5 Y
us6 2z
U479 X
755 Y
756 Z
779 X

CONDITION OF GLASS
C MIRROR BACKING

B ND CHANGE

B ND CHANGE

B ND CHANGE

D

D

THBLE C36

SUR-ACE DESCRIPTIONS OF MIRROR SPECIMENS

LOW CHEMICAL CO., DALTOM, GA
TUE_VE MONTH ENJIRONMENTAL EXPOSURE

SAMAPLE RETRIEVAL DATE. G6 NOV 1980
SURFACE DESCRZPTION BEFORE MCGEEAN CB120 CLEANING

PARTICULATE DEPQSITS, PUDDLE-SHAFED
PARTICULATE DEPQSITS

PARTICULATE DEPGSITS

ABRASION; PARTZCULATE DEPOSITS,PUDDLE-SHAPED
ABRASIOﬂ

ABRASION ; PARTICULATE DEPOSITS

PARTICULATE DEPCSITS,PUDDLE-SHAFED

SURFACE AND PITS HAVE PARTICULATE DEPOSITS

PARTICULATE CEPCSITS, PUDDLE-SHAFED

SURFACE DESCRIPTION AFTER
CB120 CLEANING

DEPOSITS DECREASED

CLEAN

CLEAN

ABRASION}DEPOSITS DECREASED
NO CHANGE

ABRASTON; DEPOSITS DECREASED
DEPOSITS DECREASED

DEPOSITS DECREASED

DEPOSITS DECREASED



iv-0

ID -  CONDITION OF GLASS
NO O C MIRROR BACKING

25 X A NO CHANGE

29 Y A NO CHANGE

138 Z C NO CHANGE

672 X E

684 Y E

696 Z E

TABLE C37

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS
LONE STAR BREWING CO., SAN ANTONIO, TX
TWO MONTH ENVIRONMENTAL EXPOSURE

SAMPLE RETRIEVAL DATE, 13 NOV 1979
SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEAMNING

PARTICULATE DEPOSITS
ﬁARTICULATE DEPOSITS
PARTICULATE DEPOSITS
PITS CONTAINING PARTICULATE DEPOSITS
PITS CONTAINING PARTICULATE DEPOSITS

CLEAN

SURFACE. DESCRIPTION AFTER
CB120 CLEANING

CLEAN

CLEAN

CLEAN

DEPOSITS DECREASED
DEPOSITS DECﬁEASED'

CLEAN



A

ID
NO O
3312
130 X
134 Y
373 X
385 Y
397 Z
673 X
685 Y
697 Z

COMDITION OF GLASS
C MIRROR BACKIKG
A NO CHANGE
C BLISTERED
C NO CHANGE
D
D

m

THBLE C38

SURFECE DESCRIPTIONS OF MIRROR SPECIMENS

LONE STAR BREWING CO., SAN ANTONIO, TX
THREE MONTH ENYVZFONMENTAL EXPOSURE
SAMPLE RETRIEVAL DATE. *1 DEC 1979

SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING

CLEAN

PARTICULATE DEPCSITS
PARTICULATE DEPCSITS

ABRASION ;PARTICULATE DEPOSITS

ABRASION; PARTICULATE DEPOSITS

ABRASION

PARTICULAT= DEPOSITS,CIRCULAR PATTERN

PARTICULATE DEPOSITS,CIRCULAR PATTERN

CLEAN

SURFACE DESCRIPTION AFTER
CB120 CLEANING

CLEAN

CLEAN

CLEAN

ABRASION;bEPOSITS DECREASED
ABRASION;DEPOSITS DECREASED
NO CHANGE

PITS CONTAINING DEPOSITS
PITS CONTAINING DEPOSITS

CLEAN



€0’

N 0

233 Y
237 2

CONDITION OF GLASS
C MIRROR BACKING

{ B NO CHANGE

B NO CHANGE
B NO CHANGE
D

5

m m

TABLE C39

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS
LONE STAR BREWING CO., SAN ANTONIO, TX
FOUR  MONTH ENVIRONMENTAL EXPOSURE

SAMPLE RETRIEVAL DATE, 11 JAN 1980
SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING

PARTICULATE DEPOSITS
PARTICULATE DEPOSITS
PARTICULATE DEPOSITS

ABRASION; PARTICULATE DEPOSITS
ABRASION; PARTICULATE DEPOSITS -
ABRASION

PARTICULATE DEPOSITS
PARTICULATE DEPOSITS

PARTICULATE DEPOSITS

SURFACE DESCRIPTIOM AFTER
CB120 CLEANING

DEPOSITS DECREASED

CLEAN

CLEAN

ABﬁASION;DEPOSITS DECREASED
ABRASION

NO CHANGE

PITS CONTAIMING DEPOSITS
PITS CONTAINING DEPOSITS

CLEAN



B 4 art)

ID

26 X
30Y
34 Z
375 X
387 Y
399 Z
675 X
687 Y
699 Z

CONDITION OF GLASS
C MIRROR BACKING
A NC CHANGE
A NC CHANGE
A NO CHANGE
D
D

TRBLE C40
S.RFACE DESCRIPTIONS CF MIRROR SPECIMENS
LCNE STAR BREWING CD., SAN ANTONIO, TX
FIVE MONTH ENVIRONMENTAL EXPOSURE

SAMPLE RETRIEVAL DATE, 15 FEB 1980
SURFACE DESCRIPTION BEFCRE MZGEAN CB120 CLEANING

PARTICULATE DEP0SITS

PARTICULATE DE0SITS

CLEAN

ABRASION; PLRTICULATE DEPOSITS

PITS CONTAINING FARTICULATE DEPOSITS
CLEAN

PITS CONTAINING PARTICULATE DEPOSITS
PITS CONTAININC PARTICULATE LEPOSITS

SURFACE AND PITS HAVE DEPOSITS

SURFACE DESCRIPTION AFTER
CB120 CLEANING

CLEAN

DEPOSITS DECREASED

CLEAN

ABRASION; DEPOSITS DECREASED
DEPOSITS DECREASED

CLEAN

NO CHANGE

DEPOSITS DECREASED

SMALL PITS



Sv-0

Y

m 0
131 X
135 Y
139 Z
376 X
388 Y
4oo z
676 X
688 Y
704 Z

CONDITION OF GLASS

C MIRROR BACKING

C NO CHANGE
C BLISTERED
C BLISTERED
D

D

TABLE C41

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS

LONE 3TAR BREWING CO., SAN ANTONIOQ, TX

SIX MONTH ENVIRONMENTAL EXPOSURE

"SAMPLE RETRIEVAL DATE, 11 MAR 1980

SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING

PARTICULATE DEPOSITS

PARTICULATE DEPOSITS

CLEAN

PARTICULATE DEPOSITS

ABRASION; PARTICULATE DEPOSITS
ABRASTON | |
PITS CONTAINING PARTICULATE DEPOSITS
PITS CONTAINING PARTICULATE DEPOSITS

PITS CONTAINING PARTICULATE DEPOSITS

SURFACE DESCRIPTION AFTER
CB120 CLEANING

_CLEAN

CLEAN

" CLEAN

DEPOSITS DECREASED
ABRASION
NO CHANGE
NO CHANGE
NO CHANGE

NO CHANGE



90

ID

NO
L3
230
234
377
389
ho7
677
689
707

CCNDITION OF GLASS

0 C MIRROR BACKING

Z C NC CHANGE

X'B NC CHANGE

Y B NO CHANGE

XD

YD

ZD

XE

YE

TABLE C42

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS
LONE STAR BREWING 0., SAN ANTONIO, TX
SEVEN MONTH ENVIRONMENTAL EXPOSURE
SAMPLE RETRIEVAL DATE, 05 APR 1980

SURFACE DZSCRIPTION BEFORE MCGEAM CB120 CLEANING

CLEAN

PARTICULATE DEPO3ITS
PARTICULATE DEPO3ITS
PARTICULATE DEPOSITS
PARTICULATE DEPOSITS
CLEAN

PARTICULATE DEPOSITS
PARTICULATE‘DEPOSITS

PARTICULATE DEFOSITS,CIRCULAR PATTERN

SURFACE DESCRIPTION AFTER
CB120 CLEANING

CLEAN

CLEAN

CLEAN

DEPOSITS DECREASED
DEPOSITS DECREASED

CLEAN

PITS CONTAINING DE#OSITS
PITS CONTAINING DEPOSITS

CLEAN



A 0]

a-

D CONDITION OF GLASS

NO O C MIRROR BACKING

36 Z A NO CHANGE
136 ¥ C NO CHANGE
390 Y D
405 Z D
690 Y E

705 Z E

TABLE C43
SURFACE DESCRIPTIONS OF MIRROR SPECIMENS

LONE STAR BREWING CO., SAN ANTONIO, TX
EIGHT MONTH ENVIRONMENTAL EXPOSURE

SAMPLE RETRIEVAL DATE, 06 MAY 1930
SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING

CLEAN | )
PARTICULATE DEPOSITS
PARTICULATE DEPOSITS
PARTICULATE DEPOSITS
PARTICULATE DEPOSITS

PARTICULATE DEPOSITS

SURFACE DESCRIPTION AFTER
CB120 CLEANING

CLEAN
CLEAN

DEPOSITS DECREASED

- CLEAN

DEPOSITS DECREASED

CLEAN;CLOUDY AT DEPOSIT SITES



8v-0

ID
NO
31
231
239
378
391
406
679
691
706

CONDITION OF GLASS
C MIRROR BACKIMG
A CHIPPED
B NO CHANGE
B NO CHANGE
D
.

THBLE C44

SURFACE DESCRIPTICNS OF MIRROR SPECIMENS
LONE STAR BREWING CO., SAN ANTONIO, TX

NINE

MONTE ENVIRONMENTAL EXPOSURE

SYMPLE RETRIEVAL DATE, 23 JUN 1980

SURFACE DESCRIPTION BEFORE MCGEAN CB120 C_EANING

* PARTICULATE DEPCSITS

PARTICULATE DEPCSITS -

PARTICULATZ DEPGSITS
AERASION; PARTICULATE
PARTICULATE DEPOSITS
PARTICULATE DEPOSITS
PARTICULATE DEPOSITS
PARTICULATE DEPOSITS

PARTICULATE DEPO3ITS

DEPOSITS

SURFACE DESCRIPTION AFTER
CB120 CLEANING

CLEAN

CLEAN

CLEAN -

DEPOSITS DECREASED

CLEAN

CLEAN

DEPOSITS DECREASED
DEPOSITS LDECREASED

CLEAN;CLOUDY AT DEPOSIT SITES



6v-0

140 Z
232 X
235 Y
380 X
393 ¥
403 Z
680 X
693 Y
703 Z

ey

CONDITION OF GLASS
C MIRROR BACKING
C NO CHANGE
B NG CHANGE
B NO CHANGE
D

D N

TABLE C45

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS
LONE STAR BREWING CO., SAN ANTONIO, TX
TEN MONTH ENVIRONMENTAL EXPOSURE

SAMPLE RETRIEVAL DATE, 30 JUL 1930
SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING

PARTICULATE DEPOSITS

PARTICULATE DEPOSITS

PARTICULATE DEPOSITS

PARTICULATE DEPOSITS

ABRASION; PARTICULATE DEPOSITS
ABRASION;PARTICULATE DEPOSITS
CLOUDY , EXTENSIVE PARTICULATE DEPOSITS
CLOUDY, EXTENSIVE PARTICULATE DEPOSITS

PARTICULATE DEPOSITS,PUDDLE-SHAPED

SURFACE DESCRIPTION AFTER
CB120 CLEANING

CLEAN

CLEAN

DEPOSITS DECREASED
DEPOSITS DECREASED
DEPOSITS DECREASED
ABRASION

DEPOSITS DECREASED
DEPOSITS DECREASED

DEPOSITS DECREASED



05-0

ID

NO
35
133
137

- 383

395
4o
683
695
702

0

Z

X

~

= >

CONDITION OF GLASS
C MIRROR BACKING
A NO CHANGE
C NO CHANGE
C NO CHANGE
5 .
D
D

Ly,

TABLE C46

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS
LOME STAR BREWING CO., SAN ANTONIO, TX
ELEVEN MONTH ENVIRONMENT”AL EXPOSURE
SAMPLE RETRIEVAL DATE, 11 AUG 1980

SURFACE DESCRIPTION BEFORE MCGEAN CB3i20 CLEANING

PARTICULATE DEPOSITS

" PARTICULATE DEPOSITS
PARTICULATE DEPOSITS
ABRASION; PARTICULATE DEPOSITS
ABRASION; PARTICULATE CEPOSITS
ABRASION; PARTICULATE LEPOSITS
PARTICULATE DEPDSITS
CLOUDY, EXTENSIVE PARTICULATE DEPQSITS

ABRASION; PARTICULATE DEPOSITS, PUDDLE-SHAPED

SURFACE DESCRIPTION AFTER
CB120 CLEANING

CLEAN

CLEAN

CLEAN '
DEPOSITS DECREASED
DEPOSITS DECREASED
ABRASION

DEPOSITS DECREASED

 ABRASION

ABRASION



169

Iz CONDITION OF GLASS
NC O C MIRROR BACKING

27 X A NO CHANGE

32 Y A NO CHANGE

238 Z B NO CHANGE

381 XD

392YD

801 Z D

681 X E

692 Y E

700 Z E.

TABLE C47

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS
LONE STAR BREWING CO., SAN ANTONIO, TX
TWELVE MONTH ENVIRONMENTAL EXPOSURE

SAMPLE RETRIEVAL DATE, 11 SEP 1980
SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING

PARTICULATE DEPOSITS

PARTICULATE DEPOSITS

PARTICULATE DEPOSITS, PUDDLE-SHAPED
ABRASION; PARTICULATE DEPOSITS
ABRASION; PARTICULATE DEPOSITS
ABRASION; PARTICULATE DEPOSITS

CLOUDY ,EXTENSIVE PARTICULATE DEPOSITS
CLOUDY ,EXTENSIVE PARTICULATE DEPOSITS

PARTICULATE DEPOSITS,PUDDLE-SHAPED

SURFACE DESCRIPTION AFTER
CB120 CLEANING

. DEPOSITS DECREASED -

"NO CHANGE

CLEAN

ABRASION; DEPOSITS DECREASED
ABRASION; DEPOSITS DECREASED
ABRASION

bEPOSITS DECREASED

DEPOSITS DECREASED

DEPOSITS DECREASED



290

ID
NO O
28 X
236 Y
382 X
394 Y
uo2 z
682

=

694
701 2

CONDITION OF GLASS
C MIRROR BACKING
A NO CHANGE
B NO CHANGE

D

TEBLE C48

SURFACE DESCRIPTZCNS OF MIRROR SPECIMENS
LCNZ STAR BREWING CO., SAN ANTONIO, TXA
THIRTEEN MONTH éMVIRONMENTAL EXPOSUFE

SEMPLE RETRIEVAL DATE, 11 OCT 1980
SURFACE [ESCRIPTION BEFORE MCGEAN CB120 TLEANING

PARTICULATE DEPGSITS

PARTICULATE DEPOSITS

ABRASION; PARTICULATE DEPOSITS

ABRASION; PARTICULATE DEPOSITS

ABRASION; PARTIZULATE DEFOSIT3, PUDDLE-SHAPED
CLOUDY , EXTENSIVE PARTICULATE DEPOSITS
CLOUDY, EXTENSIVE PARTICULATE DEPOSITS

PARTICULATE DE?0SITS,PUUDLE-SHAPED

SURFACE DESCRIPTION AFTER
CB120 CLEANING

CLEAN

CLEAN

ABRASION;DEPOSITS DECREASED
ABRASION;DEPOSITS DECREASED
ABRASION

DEPOSITS DECREASED

DEPOSITS DECREASED

DEPOSITS DECREASED

»



£5°0

ID CONDITICN OF GLASS
NO O C MIRROR BACKING
13 X A BLISTERED
17 Y A CHIPPED
21 Z A NO CHANGE
336 XD
348 YD
360 Z D
659 Y E
660 Z E

TABLE C49 A
SURFACE DESCRIPTIONS OF MIRROR SPECIMENS

SOUTHERN UNION REFINING CO., LOVINGTON, NM
ONE  MONTH ENVIRONMENTAL EXPOSURE

SAMPLE RETRIEVAL DATE, 10 OCT 1979
SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING

PARTICULATE DEPOSITS,CIRCULAR PATTERN
PARTICULATE DEPOSITS,CIRCULAR PATTERN

CLEAN

ABRASION; PARTICULATE DEPOSITS,CIRCULAR PATTERN
ABRASION;PARTICULATE DEPOSITS,CIRCULAR PATTERN
ABRASION

PARTICULATE DEPOSITS,CIRCULAR PATTERN

ABRASTON

SURFACE DESCRIPTION AFTER
CB120 CLEANING

CLEAN

CLEAN

CLEAN

ABRASION

ABRASION

NO CHANGE

DEPOSITS DECREASED

NO CHANGE



¥S-0

iD CONDITION OF GLASS
NO O C MIRROR BACKING

118 X C NO CHANGE

122 Y C NO CHANGE

337 XD

349 Y D

63T X E

658 Y E

TABLE C50 ‘
SURFACE DESCRIPTZOMS CF MIRROR SPECIMENS
SOUTHERN UNION REFINING CJ., LOVINGTON, NM

"TWO MONTH ENVIRCNMENTA. EXPOSURE

SAMPLE RETRIEVAL DATE, 1C NOV 1979
SURFACE DESCRIFTION BEFORE MCGEAN CB120 CLEANING

PARTICILATE DEFOSCTS
PARTICULATE DEPOSCTS
PARTICULATE DEPOSITS,CIRCULAR PATTERN
PARTICULATE DEPOSITS,CIRCULAR PATTERN
PARTICLLATE DEPOSITS,CIRCULAR PATTERN
PARTICELATZ DEPOSETS

SURFACE DESCRIPTION AFTER
CB120 CLEANING

CLEAN

CLEAN

DEPOSITS DECREASED
CLEAN,CLOUDY AT DEPOSIT SITES
CLEAN,CLOUDY AT DEPOSIT SITES
CLEAN;CLOUDY AT DEPOSIT SITES



§6-0

iD

O O
126 Z
217 X
221 Y
338 X
350 Y
361 2
638 X
657 Y
661 2

CONDIT_ON OF GLASS
C MIRROR BACKING
C NO CHANGE
B NO CHANGE

B NO CHANGE

TABLE C51
SURFACE DESCRIPTIONS OF MIRROR SPECIMENS

SOUTEERN UNION REFINING CO., LOVINGTCN, NM
THREE MONTH ENVIRONMENTAL EXPOSURE

SAMPLE RETRIEVAL DATE, 10 DEC 1979
SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING

PARTICULATE DEPOSITS,CIRCULAR PATTERN
CLOUDY,OVERLAPPED CIRCULAR PARTICULATE DEPOSITS
CLOUDY,OVERLAPPED CIRCULAR PARTICULATE DEPOSITS
CLOUDY,OVERLAPPED CIRCULAR PARTICULATE DEPOSITS
CLOUDY, OVERLAPPED CIRCULAR PARTICULATE DEPOSITS
ABRASION; PARTICULATE DEPOSITS

CLOUDY,OVERLAPPED CIRCULAR PARTICULATE DEPOSITS
CLOUDY,OVERLAPPED CIRCULAR PARTICULATE DEPOSITS

ABRASION

SURFACE DESCRIPTION AFTER
CB120 CLEANING

CLEAN

CLEAN

CLEAN

DEPOSITS DECREASED

CLEAN,CLOUDY AT DEPOSIT SITES

-ABRASION

DEPOSITS DECREASED
DEPOSITS DECREASED

NO CHANGE



95-0

ID

14 X

18 Y
225 Z
339 X
351 Y
362 Z
639 X
656 Y
662 Z

A NO CHANGE
A CHIPPED,SILVER CORRODED

B NO CHANGE

CONDITION OF SLASS
C MZRROR BACKIN

D.

D

LY

-
U

J

TABLE C52

SURFACE DESCRIPTIONS CF MIRROR SPECIMENS
SCUTHERN UNION FEFINING CO., LOVINGTON, NM
FZUR  MONTH ENVIRONMENTAL EXPOSURE

SAMPLE RETRIEVAL DATE, 10 JAN 1980

SURFACE TCESCRIPTION BEFORE MCGEAN CB120 CLEANING

CLOUDY ,CVERLAFPED CIRCULAR PARTI:ULATE
CLOUDY,GVERLAFPED CIRCULAR PARTIZULATE
PARTICULATE DEPOSITS, CIRCULAR PATTERN
CLOUDY,CVERLAPPED CIRCULAR PARTICULATE
CLOUDY,CVERLAPPED CIRCULAR PARTICULATE
PARTICULATE DEPOSITS, CIRCULAR PATTERN
CLOUDY ,GVERLAPPED CIRCULAR PAﬁTICULATE
CLOUDY ,OVERLAPPED CIRCULAR PARTICULATE

PARTICULATE DEPO3ITS, CIRCULAR PATTERM

D=POSITS

DZPOSITS
b

DEPOSITS

DEPOSITS

DEPOSITS

DEPOSITS

SURFACE DESCRIPTION AFTER
CB120 CLEANING

CLEANM

"CLEAN

DEPOSITS DECREASED
DEPOSITS DECREASED
DEPOSITS DECREASED
CLEAN

CLEAN, SURFACE CLOUDY
CLEAN, SURFACE CLOUDY

CLEAN



LSD

iD

22 Z
19 X
123 Y
340 X
352 Y
363 Z
640 X
655 Y
663 2

TABLE C53

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS

SOUTHERN UNION REFINING CO., LOVINGTON, NM

FIVE

MONTH ENVIRONMENTAL EXPOSURE

SAMPLE RETRIEVAL DATE, 10 FEB 1980

CONDITION OF GLASS
C MIRROR BACKING
A NO CHANGE
C CHIPPED,SILVER CORRODED
C BLISTERED
D

D

m

SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING

PARTICULATE DEPOSITS,CIRCULAR PATTERN
CLOUDY,OVERLAPPED CIRCULAR PARTICULATE DEPOSITS
CLOUDY ,OVERLAPPED CIRCULAR PARTICULATE DEPOSITS
CLOUDY,OVERLAPPED CIRCULAR PARTICULATE DEPOSITS
CLOUDY,OVERLAPPED CIRCULAR PARTICULATE DEPOSITS
ABRASION; PARTICULATE DEPOSITS,CIRCULAR PATTERN
CLOUDY,OVERLAPPED CIRCULAR PARTICULATE DEPOSITS
CLOUDY , EXTENSIVE PARTICULATE DEPOSITS

PARTICULATE DEPOSITS,CIRCULAR PATTERN

SURFACE DESCRIPTION AFTER
CB120 CLEANING

CLEAN

DEPOSITS DECREASED
DEPOSITS DECREASED
DEPOSITS DECREASED
DEPOSITS DECREASED
ABRASION ‘

NO CHANGE

PITS CONTAINING DEPOSITS

SMALL PITS



850

ID CONDITION OF GLASS
NO O C MIRROR BACKISXG

127 Z C BLISTERED

364 2D

664 Z E

TAELE C54

SURZECE DESCRIPTIONS OF MIRROR SPECIMENS
SOUTEERN UNION REFINIHG CO., LOVINGTON, MM
SZX MONTH ENYIFONMENTAL EXPOSURE

SAM?LE RETRIEVAL DATE. 70 MAR 1980

SURFACE DESCRZPTION BEFORE NCGEAN CB120 CLEANING

PARTICULATE LCEPQSITS,CIRCULER PATTERN
ABRASION; FARTICULATE DEPOSITS

PARTICULATE DEPCGSITS,CIRCULAR PATTERN

SURFACE DESCRIPTION AFTER
CB120 CLEANING

DEPOSITS DECREASED

CLEAN



650

ID CONDITION OF GLASS
ND O C MIRROR BACKING
15 X A NO CHANGE
19 Y A NO CHANGE
226 7 B NO CHANGE
32 X D
354 Y D
365 Z D
642 X E
653 Y E
665 Z E

TABLE C55

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS
SOUTHERN UNION REFINING CO., LOVINGTON, NM
SEVEN MONTH ENVIRONMENTAL EXPOSURE

SAMPLE RETRIEVAL DATE, 10 APR 1980
SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING

CLOUDY , EXTENSIVE PARTICULATE DEPOSITS
CLOUDY, EXTENSIVE PARTICULATE DEPOSITS
PARTICULATE DEPOSITS:CIRCULAR PATTERN
CLOUDY,OVERLAPPED CIRCULAR PARTICULATE DEPOSITS
CLOUDY ,EXTENSIVE PARTICULATE DEPOSITS
PARTICULATE DEPOSITS,CIRCULAR PATTERN
CLOUDY,OVERLAPPED CIRCULAR PARTICULATE DEPOSITS
CLOUDY ,EXTENSIVE PARTICULATE DEPOSITS

ABRASION; PARTICULATE DEPOSITS

SURFACE DESCRIPTION AFTER
CB120 CLEANING

DEPOSITS DECREASED
DEPOSITS DECREASED

CLEAN

DEPOSITS DECREASED
DEPOSITS DECREASED

CLEAN

DEPOSITS béCREASED
DEPOSITS DECREASED

ABRASION



- 09D

ID CONDITICN OF 7GLASS
NO O C MIRROR BACKING

90 X A NO CHANGE
92 Y A NO CHANGE
560 X F
565 Y F
857 X E
862 Y E

TA3LE C56

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS
SOUTHERN UNION REFINING €O., LOVINGTON, HM
ONE MONTH ENVIRONMENTAL EXPOSURE AT RACK 1
SAHMP_E RETRIEVAL DATE, 07 SEP 1980

SURFACE DESCRIPTION BEFORE MCGEAM CB120 CLEANING

PARTICULATE DEPOSITS
PARTICULATE DEPOSITS
ABRASION

ABRASION

CLEAN

ABRASION

SURFACE DESCRIPTION AFTER

- CB120 CLEANING

CLEAN

DEPOSITS DECREASED
NO CHANGE

NO CHANGE

CLEAN

NO CHANGE



190

D

m o
176 ¥
178 X
561 X
563 X
566 Y
858 X

863 Y

CONDITION OF GLASS
C MIRROR BACKING
C CENTER CORROSION
C NO CHANGE
F

D

-7

TABLE C57

SURFAZE DESCRIPTIONS OF MIRROR SPECIMENS

SOUTHERN UNION REFINING CO., LOVINGTON, NM -
TWO MONTH ENVIRONMENTAL EXPOSURE AT RACK 1

SAMPLE RETRIEVAL DATE, 07 OCT 1980

SUREACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING

PARTICULATE DEPOSITS

ABRASION

ABRASION; PARTICULATE DEPOSITS
ABRASION; PARTICULATE DEPOSITS
ABRASION

CLEAN

PARTICULATE DEPOSITS

. SURFACE DESCRIPTION AFTER

CB120 CLEANING

CLEAN

NO CHANGE

ABRASION

ABRASION; DEPOSITS DECREASED
NO CHANGE

CLEAN

CLEAN



290

ID CONDITION OF GLASS
NO O C MIRROR BACKING
562 X D

859 X E

864 Y E

1123 X B NO CHANGE

1222 Y C NO CHANGE

TABLE €58

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS
SOUTHERN UNION REFINING 20., LOVINGTON, NM
THREE MONTH ENVIRONMENTAL EXPOSURE AT RACK 1
SAMPLE RETRIEVAL DATE, O7 NOV 1980

- SURFACE DESCRIPTION BEFCRE MCGEAN CB120 CLEANZNG

ABRASION; PARTICULATE DEPQSITS
PARTICUtATé DEPOSITS, CIRCULAR PATTERN
PARTICULATE DEPOSITS, CIRCULAR PATTERN
PARTICULATE DEPOSITS

PARTICULATE DEPOSITS

SUﬁFACE DESCRIPTION AFTER
CB120 CLEANING

ABRASION

CLEAN

CLEAN

CLEAN

DEPOSITS DECREASED



€90

D CONDITION OF GLASS
ND O C MIRROR BACKING
89 Y A NO CHANGE
91 XA
567 Y D
860 X E
865 Y E

TABLE C59 A

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS
SOUTHZRN UNION REFINING CO., LOVINGTON, NM
FOUR MONTH ENVIRONMENTAL EXPOSURE AT RACK 1

SAMPLE RETRIEVAL DATE, 07 DEC 1980
SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING

PARTICULATE DEPOSITS
PARTICULATE DEPOSITS

ABRASION

ABRASION; PARTICULATE DEPOSITS

PARTICULATE DEPOSITS, CIRCULAR PATTERN

SURFACE DESCRIPTION AFTER
CB120 CLEANING

DZPOSITS DECREASED
DEPOSITS DECREASED

NO CHANGE

ABRASION

DEPOSITS DECREASED



¥9-0

ID
NO
168
177
564
569
861
866

CONDITION OF GLASS
O C MIRROR BACKIKG
Y C NO CHANGE
X C NO CHANGE

XD

TABLE C60

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS
SOUTFERN UNION REFINING CO., LOVINGTON, NM
FZVE MONTH ENVIROMMENTAL EXPOSURE AT RACK 1

SAMPLE RETRIEVAL DATE. @7 JAN 1981

SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANIELD

PARTICULATE CEPGSITS,CIRCULAR PATTERN
PARTICULATE DEPCSITS,CIRCULAR PATTERN
ABRASTION ; FARTICULATE DEPOSITS,CIRCULAR PATTERN
ABRASION ; FARTICLULATE DEPOSITS,CIRCULAR PATTERN
CLEAN
- PARTICULATE DEPCSITS

SURFACE DESCRIPTION AFTER
CB120 CLEANING

DEPOSITS DECREASED

CLEAN

ABRASION;DEPOSITS DECREASED
ABRASION;DEPOSITS DECREASED
CLEAN

CLEAN



S9-0

ID CONDITION OF GLASS
NO O C MIRROR BACKING

13 X A NO CHANGE
17 Y A CHIPPEL:
336 X D
348 Y D
659 Y E

TABLE C61

SURFACE DESCRIPTIONMS OF MIRROR SPECIMENS
SOUTHERN UNION REFINING CO., LOVINGTON, NM
RE-DEPLOYED MONTH ONE SAMPLES, TWO MONTH TOTAL EXPOSURE

SAMPLZ RETRIEVAL DATE, 29 MAY 1980

SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING

PARTICULATE DEPOSITS,CIRCULAR PATTERN
PARTICULATE DEPOSITS,CIRCULAR PATTERN
PARTICULATE DEPOSITS,CIRCULAR PATTERN
ABRASION; PARTICULATE DEPOSITS,CIRCULAR PATTERN

PARTICULATE DEPOSITS,CIRCULAR PATTERN

SURFACE DESCRIPTION AFTER
CB120 CLEANING

CLEAN

DEPOSITS DECREASED

CLEAN

ABRASION

NO CHANGE



99-0

D CONDITION OF GLASS
NO O C MIRROR BACKING
13 X A NO CHANGE
17 Y A NO CHANGE
336 X D
38 Y D
570 F
659 Y E

TABLE C62

" SUFFACE DESCRIPTICNS OF MIRROR SPECIMENS

SOCTHERN UNION REFINING CO., LOVINGTON, NM
RE-DEPLOYED MONTH ONE SAMPLES AT RACK 2

SAMPLE. RETRIEVAL DATE, 0T SEP 1980
SURFACE DESCRIFTION BEFORE MCGEAN CB120 CL=ZANING

PARTICULATE DEFOSITS,CIRCULAR PATTERN
PARTICULATE DEFOSITS,CIRCULAR PATTERN
ABRASION ; FARTICULATE DEPOSITS,CIRCULAR PATTERN
ABRASION ;FARTICULATE DEPOSITS,CIRCULAR PATTERN
ABRASION ; FARTICULATE DEPOSITS,CIRCULAR PATTERN

PARTICULATE DEFOSITS,CIRCULAR PATTERN

'SURFACE DESCRIPTION AFTER

CB120 CLEANING

DEPOSITS DECREASED
DEPOSITS DECREASED
ABRASION;DEPOSITS DECREASED
ABRASION;DEPOSITS DECREASED
ABRASION;DEPOSITS DECREASED

ABRASION; DEPOSITS DECREASED



(9D

ID

Y
79 Z
83 X
501 Y
528 Z
540 X
837 Z
849 Y
881 X

CONDITION OF GLASS
C MIRROR BACKING
A NO CHANGE
A NO CHANGE
A NO CHANGE
D
D

D

m

m

TABLE (€63

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS
HILO COAST PROCESSING CO., PEPEEKEO, HI
ONE MONTH ENVIRONMENTAL EXPOSURE

SAMPLE RETRIEVAL DATE, 05 JUN 1980
SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING

PARTICULATE DEPOSITS

PARTICULATE DEPOSITS

PARTICULATE DEPOSITS

ABRASION

ABRASION; PARTICULATE DEPOSITS

CLOUDY, EXTENSIVE PARTICULATE DEPOSITS
CLEAN

CLEAN

PARTICULATE DEPOSITS

SURFACE DESCRIPTION AFTER
CB120 CLEANING

CLEAN

CLEAN

CLEAN

NO CHANGE

ABRASION

CLEAN;CLOUDY AT DEPOSITASITES
CLEAN

CLEAN

CLEAN



89-0

ID

NO . O
182 X
186 Z
190 Y
502 Y
529 Z
541 X
836 Z
848 Y
880 X

CGNDIfION OF GLASS
C MIRROR BACKING
C BLISTERED
C NO CHANGE
C BLISTERED,COR=ODED
D
D

m

TABLE C64

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS
HIZC COAST PROCESSING 20., PEPEEKEO, HI
TWD MONTH éNVIRONMENTAL EXPOSURE
SAMPLE RETRIEVAL DATE, 05 JUL 1980

SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING

PARTICULATE DEPOSITS

CLEAN

PARTICULATE DEPOSITS

ABRASION; PARTICULATE DEPOSITS

ABRASION

ABRASION; PARTICULATE DEPOSITS,WHITE STRIF ON SIDE
CLEAN

PARTICULATE DEFOSITS,PUDDLE SHAPED

PARTICULATE DEFOSITS

SURFACE DESCRIPTION AFTER
CB120 CLEANING

CLEAN

CLEAN

CLEAN

ABRASION

NO CHANGE

ABRASTON;DEPOSITS DECREASED
CLEAN

CLEAN;CLOUDY AT DEPOSIT SITES

CLEAN



69-0

ID

N O
281 X
284 Z
289 Y
503 Y
530 Z
542 X
835 Z
847 Y
879 X

CONDITION OF GLASS

C MIRROR BACKING

B BLISTEFED, CORRODED
B PEELED, CORRODED

B PEELED, CORRODED

D

D

M o

m

L

TABLE €65

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS
HILO COAST PROCESSING CO.,.PEPEEKEO, HI
THREE MONTH ENVIRONMENTAL EXPOSURE

SAMPLE RETRIEVAL DATE, 17 AUG 1980
SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING

PARTICULATE DEPOSITS

PARTICULATE DEPOSITS

PARTICULATE DEPOSITS

ABRASION

ABRASION; PARTICULATE DEPOSITS

ABRASION; PARTICULATE DEPOSITS

ABRASION

ABRASION; PARTICULATE DEPOSITS, PUDDLE-SHAPED

PARTICULATE DEPOSITS, CIRCULAR PATTERN

SURFACE DESCRIPTION AFTER
CB120 CLEANING

CLEAN

- CLEAN

CLEAN

NO CHANGE

ABRASION

ABRASION

NO CHANGE

ABRASION; CLOUDY AT DEPOSIT SITES

CLEAN



0Ld

ID
NO O
76 Y
80 Z
8y X
504 Y
531 Z
543 X
834 Z
846 Y
878 X

CONDITION OF GLASS
C MIRROR BACKING
A BLISTERED, CORRIDED
A BLISTERED,CORFODED
A BLISTERED, CORFODED
D
D

[32]

TABLE C66
SURFACE DESCRIPTIOMS OF MIRROR SPECIMENS
HILO COAST PROCESSING CO., PEPEEKEO, HI
FCUR  MONTH ENVZRCNMENTAL EXPOSURE

SAMPLE RETRIEVAL DATE, 17 SEP 1980
SURFACE DESCRIFTION BEFORE MCGEAN CB120 CLZANING

PARTICULATE DEFROSITS

CLEAN

PARTICULATE DEPOSITS
ABRASION ; PARTICULATE DEPCSITS.
ABRASION

ABRASION; PARTICJLATE DEPOSITS
PARTICULATE DEPOSITS,CIRCULAR PATTERN
PARTICULATE DEPOSZTS,PUDDLE SHAPED

PARTICULATE DEPOSITS

SURFACE DESCRIPTION AFTER
CB120 CLEANING

DEPOSITS DECREASED

CLEAN '

CLEAN

ABRASION

NO CHANGE

ABRASION;DEPOSITS DECREASED
CLEAN N

CLEAN,CLOUDY AT DEPOSIT SITES

CEPOSITS DECREASED



1L

1D

NO
181
185
189
505
532
550
833

- 845

876

0

X

TABL= C67

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS

HILO COAST PROCESSING CO., PEPEEKEO, HI

FIVE

MONTH- ENVIRONMENTAL EXPOSURE

SAMPLE RETRIEVAL DATE, 30 OCT 1980

' CONDITION OF GLASS

C MIRROR BACKING

C BLISTERED

C BLISTERED, CENTER CORROSION
C BLISTERED, CENTER CORROSION
D

D

D

SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING

PARTICULATE DEPOSITS

CLEAN

PARTICULATE DEPOSITS

ABRASION; PARTICULATE DEPOSITS
ABRASION; PARTICULATE DEPOSITS
ABRASION; PARTICULATE DEPOSITS
PARTICULATE DEPOSITS, CIRCULAR PATTEEN

CLOUDY, EXTENSIVE PARTICULATE DEPOSITS

"~ PARTICULATE DEPOSITS

SURFACE DESCRIPTION AFTER
CB120 CLEANING

CLEAN

CLEAN

CLEAN

ABRASION

ABRASION, DEPOSITS DECREASED
DEPOSITS DECREASED

CLEAN

DEPOSITS DECREASED

DEPOSITS DECREASED



L0

ID
NO
282
285
290
506
533
832
84l

871

6]

X

JA

CONDITION OF GLASS
C MIRROR PRACKING

B CEINTER CORROZION

TABLE C68

SUR=ACE DESCRIPTZONS OF MIRROR SPECIMENS
HZLO COAST PROCESSING CO., PEPEEKEO, HI
S7X MONTH ENVZFCNMENTAL EXPOSURE
SAMPLE RETRIEVAL DATE. -7 NOV 1980

SURFACE DESCRZPTION BEFORE MCGEAN CB120 CLEANING

PARTICULATE DEPGSITS

B CEINTER CORROZION CLEAN

B CZNTER AND EODGE CORROSION PARTICULATE DEPCSITS ~

D ABRASION;  PARTICULATE DEPOSITS

D CLEAN

E PARTICULELTE DEPCSITS, CIRCULAR FATTERN
E CLOUDY, EXTENSIVE PARTICULATE DEPOSITS
E

PARTICULLTE DEPCSITS

SURFACE DESCRIPTION' AFTER
CB120 CLEANING :
CLEAN

CLEAN

CLEAN

ABRASION

CLEAN

CLEAN

NO CHANGE

DEPOSITS DECREASED



€40

ID
NO
T7
81
- 85
507
534
552
831
8u3
872

™~

<

>4

TABLE C69

SURFFCE DESCRIPTIONS OF MIRROR SPECIMENS

HILO COAST PROCESSING CO., PEPEEKEO, HI

SEVEN MONTH ENVIRONMENTAL EXPOSURE

SAMPLE RETRIEVAL DATE, 22 DEC 1980

CONDITION OF GLASS
C MIRROR BACKING
A BLISTERED, CENTER CORROSION
A EDGE CORROSION
A BLISTERED, CENTER CORROSION
D
D

SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING

CLOUDY, EXTENSIVE PARTICULATE DEPOSITS
PARTICULATE DEPOSITS

PARTICULATE DEPOSITS

ABRASION; PARTICULATE DEPOSITS
ABRASION; PARTICULATE DEPOSITS
ABRASION; PARTICULATE DEPOSITS'
PARTICULATE DEPOSITS, CIRCULAR PATTERN
PARTICULATE DEPOSITS, PUDDLE-SHAPED

CLOUDY, EXTENSIVE PARTICULATE DEPOSITS

SURFACE DESCRIPTION AFTER
CB120 CLEANING

CLEAN

CLEAN

DEPOSITS DECREASED

ABRASION; DEPOSTIS DECREASED
ABRASION; DEPOSITS DECREASED
ABRASION; DEPOSTIS DECREASED
DEPOSITS DECREASED
PARTICULATE DEPOSITS

ABRASION; DEPOSITS DECREASED*



v{D

ID

NO O

180 X
184 Z
188 Y
508 Y
535 2
830 2
842 Y
875 X

TABLE C70

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS

HILO COAST PROCESSING CO., PEPEEKEO, HI

ETSHT MONTH ENVIRONMENTAL EXPOSURE

SAMPLE RETRIEVAL DATE, 17 JAN 1881

CONDITION OF GLASS
C MIRROR BACK;NE
C NC CHANGE
C BLISTERED
C BLISTERED,CENTER CORFODED
D
D

5]

SURFACE DESCRIPTION BEFCRE MCIGEAN CB120 CLEANING

CLOUDY , EXTENSIVE PARTICULATE DEPOSITS
PARTICULATE DEPOSITS

PARTICULATE DEPOSITS

ABRASION; PARTICULATE DEPOSITS
ABRASION; PARTICULATE DEPOSITS
PARTICULATE DEPOSITS,CIRCULAR PATTERN
CLOUDY, EXTENSIVE PARTICULATE DEPOSITS

CLOUDY , EXTENSIVE PARTICULATE DEPOSITS

SURFACE DESCRIPTION AFTER
CB120 CLEANING

CLEAN

CLEAN

CLEAN

ABRASION;DEPOSITS DECREASED
ABRASION

DEPOSITS DECREASED

CLEAN, CLOUDY. AT DEPOSIT SITES
DEPOSITS DECREASED



S4-0

ID

283 X
287 1
509 Y
536 Z
546 X
8§29 Z
8ut Y

870 X

TABLE (71
SURFACE DESCRIPTIONS OF MIRROR SPECIMENS

HILO COAST PROCESSING CO., PEPEEKEO, HI

TEN

MONTH ENVIRONMENTAL EXPOSURE

SAMPLE RETRIEVAL DATE, 18 MAR 1981

CONDITION OF GLASS

C MIRROR BACKING

B CENTER CORROSION

B EDGE AND CENTER CORROSION
D

D

m m

SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING

PARTICULATE DEPOSITS,CIRCULAR PATTERN
PARTICULATE DEPOSITS |

ABRASION, PARTICULATE DEPOSITS,CIRCULAR PATTERN
ABRASION, PARTICULATE DEPOSITS

ABRASION

PARTICULATE DEPOSITS,CIRCULAR PATTERN
CLOUDY,OVERLAPPED CIRCULAR PARTICULATE DEPOSITS

CLOUDY, EXTENSIVE PARTICULATE DEPOSITS

SURFACE DESCRIPTION AFTER
CB120 CLEANING

CLEAN

CLEAN

ABRASION

ABRASION

" NO CHANGE

DEPOSITS DECREASED
ABRASION;DEPOSITS DECREASED
ABRASION;DEPOSITS DECREASED



942

ID

NO O
63 Y
67
71 X
489 X
512 2
524 Y
789 Y
810 Y
822 X

CCNDITION CF GLASS
C MIRROR BACKING
A NO CHANGE
A NO CHANGE
A NO CHANGE
D
D

TA3LE C72

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS

U. S. STEEL CHEMICAL CORP., HAVERHILL, OH

ONE

MONTE ENVIRONMENTAL EXPOSURE

SRMPLE RETRIEVAL. DATE, Oi MAR 1980

SURFACE DESCRIPTZON BEFORE MCGEAN CB120 CLEANING

PARTICULATE DEPOSITS,CIRCULAR PATTERN
PARTICULATE DEPOSITS

PARTICULATE DEPOSITS,CIRCULAR PATTERN
PARTICULATE DEPOSITS |

PARTICULATE DEPOSITS

PARTICULATE DEFOSITS,CIRCULAR.PATTERN
PARTICULATE DEPOSITS,CIRCULAR PATTERN
PARTICULATE DEPOSITS

PARTICULATZ DEPOSITS,CIRCULAR PATTERN

SURFACE DESCRIPTION AFTER
CB120 CLEANING

CLEAN

CLEAN

CLEAN

CLEAN

CLEAN R

DEPOSIT DECREASED

CLEAN

CLEAN

CLEAN



LLd

ID

191 Y
195 2
199 X
490 X
511 2
523 Y
790 Y
311 Z

B23 X

CONDITION OF GLASS
C MIRROR BACKING
C BLISTERED
C NO CHANGE
C NO CHANGE

D

TABLE C73

SURFAC= DESCRIPTIONS OF MIRROR SPECIMENS

U. S. STEEL CHEMICAL CORP., HAVERHILL, OH

TWO MONTH ENVIRONMENTAL EXPOSURE

SAMPLE RETRIEVAL DATE, 18 MAR 1980

SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING

‘PARTICULATE
CLEAN
PARTICULATE
PARTICULATE
PARTICULATE
PARTICULATE
PARTICULATE
PARTICULATE

PARTICULATE

DEPOSITS,CIRCULAR PATTERN

DEPOSITS,CIRCULAR PATTERN
DEPOSITS,CIRCULAR PATTERN
DEPOSITS
DEPOSITS,CIRCULAR PATTERN
DEPOSiTS,CIRCULAR PATTERN
DEPOSITS

DEPOSITS,CIRCULAR PATTERN

SURFACE DESCRIPTION AFTER
CB120 CLEANING

CLEAN

CLEAN

CLEAN

CLEAN

CLEAN

CLEAN

CLEAN

CLEAN

CLEAN



8,0

TA3LE C74

SURFACE DESCRIPTZONS CE MIRROR SPECIMENS
U. S. STEEL CHEMICAL CORF., HAVERHILL, OH
THFEE MONTH ENVIRONMENTAL EXPOSURE
SAVPLE RETRIEVAL DATZ, 18 APR 1980

ID CONDITION OF GLASS : SURFACE DESCRIPTION AFTER

NO O C MIRROR BACKINC SURFACE [ESCRIPTION BEFORE MCIEAN CB120 CLEANING CB120 CLEANING _
267 Y B NO CHANGE PARTICULATE DEPOSITS DEPOSITS DECREASED
271 Z B NO CHANGE " PARTICULATE DEPOSITS _ o CLEAN
522 Y D - PARTICULATE DEPOSITS,CIRCULAR PATTERN DEPOSITS DECREASED
525 Z D ‘ ~ ABRASION - ' NO CHANGE
791 Y E PARTICULATE TEPOSITS,CIRCULAR PATTERN | CLEAN

812 Z E . ' PARTICULATE DEPOSITS : PITS AND CRACKS,CIRCULAR PATTERN



640

ID
N O
64 Y
68 Z
72 X
480 2
492 X
521 Y
792 Y
813 Z

.85 X

CONDITIDN OF GLASS
C MIRROR BACKING
A NO CHANSE
A NO CHANSE
A NO CHANGE
D

D

™

TABLE C75

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS -
U. S. STEEL CHEMICAL CORP., HAVERHILL, OH
FOUR  MONTH ENVIRONMENTAL EXPOSURE

SAMPLE RETRIEVAL DATE, 19 MAY 1980
SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING

éARTICULATE DEPOSITS,CIRCULAR PATTERN
PARTICULATE DEPOSITS

PARTICULATE DEPOSITS,CIRCULAR PATTERN
PARTICULATE DEPOSITS

PARTICULATE DEPOSITS,CIRCULAR PATTERN
' PARTICULATE DEPOSITS,CIRCULAR PATTERN
PARTICULATE DEPOSITS,CIRCULAR PATTERN
PITS AND CRACKS,CIRCULAR PATTERN

PARTICULATE DEPOSITS,CIRCULAR PATTERN

SURFACE DESCRIPTIéN AFTER
CB120 CLEANING

DEPOSITS DECREASED
DEPOSITS DECREASED |
CLEAN

DEPOSITS DECREASED
DEPOSITS DECREASED

DEPOSITS DECREASED

CLEAN

NO CHANGE -

SMALL PITS



08-2

ID

NO O
192 Y
196 Z
200 X

. u81 2

U493 X
520 Y
781 X
793 Y
814 Z

CONDITION OF GLASS
C MIRROR BACKIMNG
C BLISTERED,CORRODED
C BLISTERED,CORRODED
C NO CHANGE
D
D

TRBLE C76

S_RFACE DESCRIPTIONS CF MIRROR SPECIMENS
U. S, STEEL CHEMICAL CORP., HAVERHILL, OH
FIVE  MONTH ENVIRONMENTAL EXPOSURE

SAMPLE RETRIEVAL DATE, 18 JUN 1980
SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANZNG

PARTICULAiE DEPOSiTS,CIRCULAR PATTERN
'PARTICULATE DEPO3ITS

PARTICULATE DEPO3ITS,CIRCULAR PATTE&N

ABRASION

PARTICULATE DEPOSITS,CIRCULAR PATTERN
ABRASION; >ARTICULATE DEPOSITS,CIRCULAR PATTERHN
PARTICULATE DE>0SITS,CIRCULAR PATTERN
PARTICULATE DE>0SITS,CIRCULAR PATTERN

PITS AND CRACKS,CIRCULAR PATTERN

SURFACE DESCRIPTION AFTER
CB120 CLEANING

CLEAN

CLEAN

CLEAN

NO CHANGE

CLEAN

ABRASION

DEPOSITS DECREASED

CLEAN

NO CHANGE



189

ID
NO O
268 Y
272 2
276 X
ug2 z
noy X
519 Y
782 X
794 Y
815 2

CONDITION OF GLASS
C MIRROR BACKING
B NO CHANGE
B NO CHANGE
B NO CHANGE
D

D

'\(‘5

TABLE C77

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS °
U. S. STEEL CHEMICAL CORP., HAVERHILL, OH
SIX MONTH ENVIRONMENTAL EXPOSURE

SAMPLE RETRIEVAL DATE, 18 JUL 1980
SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING

PARTICULATE DEPOSITS,CIRCULAR PATTERN
PARTICULATE DEPOSITS, PUDDLE-SHAPED
PARTICULATE DEPOSITS,CIRCULAR PATTERN
ABRASION; PARTICULATE DEPOSITS, PUDDLE-SHAPED
PARTICULATE DEPOSITS,CIRCULAR PATTERN

- PARTICULATE DEPOSITS,CIRCULAR PATTERN
PARTICULATE DEPOSITS,CIRCULAR PATTERN
PARTICULATE DEPOSITS,CIRCULAR PATTERN

PARTICULATE DEPOSITS

SURFACE DESCRIPTiON AFTER
CB120 CLEANING

DEPOSITS DECREASED

DEPOSITS DECREASED

DEPOSITS DECREASED

DEPOSITS DECREASED
ABRASION;DEPOSITS DECREASED
DEPOSITS DECREASED
CLEAN,CLOUDY AT DEPOSIT SITES
CLEAN,CLOUDY AT DEPOSIT SITES

PITS AND CRACKS,CIRCULAR PATTERN



280

ID
NO O
65 Y
69 2
73X
183 Z
495 X
518 Y
783 ¥
795 Y
816 Z

CONDITION OF GLASS
C MIIROR BACKING
A BLISTERED, CORRODED
A NO CHAMGE
A BLISTERED, CORROLED
D
D

m

TABL= C78

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS
U. S. STEEL CHEMICAL CORP., HAVERHILL, OH
SEVEY MONTH ENVIRONMENTAL EXPOSURE

SAMPLE RETRIEVAL DATE, 19 AUG 1980
SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING

PARTICULATE DEPOSITS, CIRCULAR PATTERN
PAhTICULATE DEPOSITS, CIRCULAR PATTERN
PARTICULATE DEPOSITS, CIRCULAR PATTERN
PARTICULATE DEPOSITS, PUDDLE-SHAPED

PARTICULATE DEPOSITS, CIRCULAR PATTERN
PARTICULATE DEPOSITS, CIRCULAR PATTERN
PARTICULATE DEPOSITS, CIRCULAR PATTERN
PARTICULATE DEPOSITS, CIRCULAR PATTERN

PARTICULATZ DEPOSITS

K4

SURFACE DESCRIPTION AFTER
CB120 CLEANING

CLEAN

DEPOSITS DECREASED

CLEAN

DEPOSITS DECREASED

ABRASION

DEPOSITS DECREASED

CLEAN; CLOUDY AT DEPOSXIT SITES
DEPOSITS DECREASED

PITS AND CRACKS, CIRCULAR PATTERN



€80

ID

193 Y
197 Z
201 X
ugy z
496 X
E17 Y
784 X
796 Y
817 Z

CONDITICN OF GLASS
C MIRROR EACKING
C BLISTERED,COFRODED
C. BLISTERED
C BLISTERED,CORRODED

D

o

TABLE C79

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS
U. S. STEEL .CHEMICAL CORP., HAVERHILL, OH
EIGHT MONTH ENVIRONMENTAL EXPOSURE

SAMPLE RETRIEVAL DATE, 18 SEP 1980
SURFACE DESCRIPTiON BEFORE MCGEAN CB120 CLEANING

PARTICULATE DERQSITS,CIRCULAR PATTERN
- PARTICULATE DEPOSITS

PARTICULATE DEPOSITS,CIRCULAR PATTERN
PARTICULATE DEPOSITS,PUDDLE-SHAPED

PARTICULATE DEPOSITS,CIRCULAR PATTERN
PARTICULATE DEPOSITS,CIRCULAR PATTERN
PARTICULATE DEPOSITS,PUDDLE-SHAPED
CLOUDY,OVERLAPPED CIRCULAR PARTICULATE DEPOSITS

PITS AND CRACKS,CIRCULAR PATTERN

SURFACE. DESCRIPTION AFTER

.CB120 CLEANING

DEPOSITS DECREASED
DEPOSITS DECREASED

DEPOSITS DECREASED

'DEPOSITS DECREASED

ABRASION;DEPOSITS DECREASED
ABRASION -
DEPOSITS DECREASED

DEPOSITS DECREASED

NG CHANGE



+¥8-0

ID

NO

269
269
213
277
485
497
516
785
797
818

0

Y

CONDITION OF GLASS
C MIRROR BACKING

B PEELED AND BLISTERED,

TABLE C80

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS

U. S. STEEL CHEMICAL CORP., HAVERHILL, OF

NINE  MONTH ENVIRCNMENTEL EXPOSURE

SANPLE RETRIEVAL DATE, 1€ OCT 1980

" SURFACE DESCRIPTION BEFORE MCGEAN CB120 CIEANING

PARTICULATE DEPOSITS,CIRCULAR PATTERN

EDGE AND CENTER CORROSION

B SILVER CORRODED
B NO CHANGE
D

o ©O

PARTICULATE
PARTICULATE
PARTICULATE
PARTICULATE
PARTICULATZ=
PARTICULATZ
PARTICULATE

SURFACE AND

DEPOSITS
DEPOSITS, CIRCULAR PATTERN
DEPOSITS, PUDDLE-SHAPED

DEPOSETS, CIRCULAR PATTERN
DEPOSITS, CIRCULAR PATTERN
DEPOSITS, CIRCULAR PATTERN
DEPOSITS, CIRCULAR PATTERN

PITS BAVE PARTICULATE DEPOSITS

SURFACE DESCRIPTION AFTER
CB120 CLEANING

DEPOSITS DECREASED

DEPOSITS DECREASED
DEPOSITS DECREASED
DEPOSITS DECREASED
CLEAN

DEPOSITS DECREASED
DEPOSITS DECREASED
DEPOSITS DECREASED

DEPOSITS DECREASED



$80

m
MO O
66 Y
70 Z
486 z
515 Y
786 X
798 Y
B19 Z

TABLE (81

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS
U. S. STEEL CHEMICAL CORP., HAVERHILL, OH
TEN  MONTH ENVIRONMENTAL EXPOSURE
SAMPLE RETRIEVAL DATE, 19 NOV 1980
CONDITION OF GLASS
C MIRROR 3ACKING SURFACE DESCRIPTION BEFORE MCGEAM CB120 CLEANING
A BLISTERED, PEELED CORROSION  PARTICULATE DEPOSITS, CIRCULAR PATTERN
A BLISTERED, CENTER CORROSION  PARTICULATE DEPOSITS
D : 'PARTICULATE DEPOSITS
D FEK DE-BONDED FROM AL SHEET  CLOUDY,OVERLAPPED CIRCULAR PARTICULATE DEPOSITS

E CLOUDY, OVERLAPPED CIRCULAR DEPOSITS
E CLOUDY, OVERLAPPED CIRCULAR DEPOSITS
E. PITS AND CRACKS, CIRCULAR PATTERN

'SURFACE DESCRIPTION

CB120 CLEANING

CLEAN
CLEAN
DEPOSITS DECREASED
DEPOSITS DECREASED
DEPOSITS DECREASED
DEPOSITS DECREASED

NO CHANGE

AFTER



98-0

ID CCNDITION CF SLA3S
NO OC MIRROR'BACKING :
198 Z C NO CHANGE

202 X C BLISTERED

499 X D

514 Y D

787 X E

808 Y E

TEBLE C82
SURFACE DESCRIPTIONS OF MIRROR SPECIMENS

U. S. STEEL CHEMICAL COR>., HAVERHILL, OH i

ELZVEN MONTH ENVIRONMENTAL EXPOSURE

SIMPLE RETRIEVAL DATE, 18 DEC 1980

SURFACE DESCRIPT_ON BEFORE MCGEAN CB120 CLEANING

PARTICULATE DEPOSITS
PARTICULATE DEPOSITS,CIRCULAR PATTERN

ABRASION; PARTICULATE DEPOSITS,CIRCULAR PATTER%
CLOULY,OVERLAPPEL* CERCULAR PARTICULATE DEPOSITS

t
PARTICULATE DEFOSITS,CIRCULAR PATTERN '

CLOUDY,OVERLAPFEC CIRCULAR PARTICULATE DEPOSITS

SURFACE DESCRIPTION AFTER
CB120 CLEANING

CLEAN.

DEPOSITS DECREASED
ABRASION;DEPOSITS DECREASED-
CLEAN |

DEPOSITS DECREASED
" DEPOSITS DECREASED



L8D

I

N0 O

270 Y
274 Z
278 X
500 X
513 ¥
788 X
809 Y
821 2

CONDITION OF GLASS
C MIRROR BACKING
B PEELED,CENTER CORROSION
B CENTER CORROSION
B NO CHANGE
D

D

T ™ m

TABLE €83

SURFACE DESCRiPTIONS OF MIRROR SPECIMENS
U. S. STEEL CHEMICAL CORP., HAVERHILL, OH
TWELVE MONTH. ENVIRONMENTAL EXPOSURE‘

SAMPLE RETRIEVAL DATE, 18 JAN 1981
~ SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING

CLOUDY,OVERLAPPED CIRCULAR PARTICULATE DEPOSITS
PARTICULATE DEPOSITS

PARTICULATE DEPOSITS,CIRCULAR PATTERN
PARTICULATE DEéOSITS,CIRCULAR PATTERN
CLOUDY,OVERLAPPED CIRCULAR PARTICULATE DEPOSITS
CLOUDY,OVERLAPPED CIRCULAR PARTICULATE bEPOSITS
CLOUDY,OVERLAPPED CIRCULAR PARTICULATE DEPOSITS

ABRASION;PITS AND CRACKS,CIRCULAR PATTERN

SURFACE DESCRIPTION AFTER
CB120 CLEAMING

CLEAN

DEPOSITS DECREASED

CLEAN ‘

DEPOSITS DECREASED
ABRASION;DEPOSITS DECREASED
DEPOSITS DECREASED |
DEPOSITS DECREASED

NO CHANGE



88-0

TABLE C-84

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS
CATERPILLAR TRACTOR CO., SAN LEANDRO, CA
GNE | MONTH ENVIRONMENTAL EXPOSURE
SAMPLE RETRIEVAL DATE, 67 JUN 1980

ID CONDITION OF GLASS
NO - O C MIRROR BACKING SURFACE DESCRIPTION BEFORE MCGEAN CB12¢ CLEAMING

NO SAMPLES SUBMITTED

SURFACE DESCRIPTION AFTER
CB126# CLEANING



68-0

ID
NO
882
394
306
1200
1304
1208
1319
1331

1343

CONDITION OF GLASS
MIRROR BACKING

NO CHANGE

NO CHANGE

NO CHANGE

TABLE C-85

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS
CATERPILLAR TRACTOR CO., SAN LEANDRO, CA
TWO MONTH ENVIRONMENTAL EXPOSURE

SAMPLE RETRIEVAL DATE, 06 JUL 1980
SURFACE DESCRIPTION BEFORE MCGEAN CB120 CLEANING

PITS CONTAINING PARTICULATE DEPOSITS
PITS CONTAINING CRYSTALLINE DEPOSITS
PARTICULATE DEPOSITS

PARTICULATE DEPOSITS

CLEAN

PARTICULATE DEPOSITS

PARTICULATE DEPOSITS

PARTICULATE DEP;OSI'I'S

PARTICULATE DEPOSITS

SURFACE DESCRIPTION AFTER
CB12f CLEANING

DEPOSITS DECREASED
DEPOSITS DECREASED

CLEAN

DEPOSITS DECRFASED

CLEAN

CLEAN

DEPOSITS DECREASED
DEPOSITS DECREASED

ABRASION;DEPOSITS DECREASED



08-0

ID
NO
173
883
884
a7
908
1114
1122
1221
1320
1321
1344
1345
1409

1411

CONDITION OF SLASS

'O C MIRROR BACKING

X C NO CHANGE

Y

Y

E

o]

m

NO CHANGE
PEELED, CORROLED -

CHIPPED, CORRODED

TABLE C-86

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS
CATERPILLAR TRACTOR CO., SAN LEANDRO, CA '
THREE MONTH ENVIRONMENTAL EXPOSURE '

SAMPLE RETRIEVAL DATE, 07 AUG 1987
SURFACE DESCRIPTION BEFORE MCGEAM CB12¢ CLEANING

PARTICULATE DEPOSITS
PITS CONTAINING CRYSTALLINE DEPOSITS
PITS CONTAINING PARTICULATE DEPOSITS
PITS CONTAINING PARTICULATE DEPOSITS
PITS CONTAINING PARTICULATE DEPOSITS
PARTICULATE DEPOSITS '»
PARTICULATE DEPOSITS

PARTICULATE DEFOSITS

ABRASION; PARTICULATE DEPOSITS
ABRASION; PARTICULATE DEPOSITS
ABRASTION

ABRASION

ABRASION

ABRASION; PARTICULATE DEPOSITS

SURFACE DESCRIPTION AFTER
CB12@ CLEANING

DEPOSITS DECREASED

DEPOSITS DECREASED

DEPOSITS DECREASED

PITS AND CRACKS, CIRCULAR PATTERN

DEPOSITS DECREASED

CLEAN
CLEAN
CLEAN
ABRASION;
ABRASION
NO CHANGE
ABRASTION
NO éHANGFJ

ABRASION

DEPOSITS DECREASED



160

D CONDITION OF GLASS
NO O C MIRROR BACKING

885 Y E

999 X E

1601 Y A CHIPPED,CORRODED
1809 X A NO CHANGE

1322 YD

1346 X D

TABLE C-87

'SURFACE DESCRIPTIONS OF MIRROR SPECIMENS

CATERPILLAR TRACTOR CO., SAN LEANDRO, CA
FOUR  MONTH ENVIRONMENTAL EXPOSURE

SAMPLE RETRIEVAL DATE, @7 SEP 1989
SURFACE DESCRIPTION BEFORE MCGEAN CB12@ CLEANING

SURFACE AND PITS HAVE PARTICULATE DEPOSITS
PITS CONTAINING PARTICULATE DEPOSITS
PARTICULATE DEPOSITS
PARTICULATE DEPOSITS

~ ABRASION; PARTICULATE DEPOSITS

PARTICULATE DEPOSITS

SURFACE DESCRIPTION AFTER
CB12@ CLEANING .

DEPOSITS DECREASED

DEPOSITS DECREASED

~ DEPOSITS DECREASED

CLEAN
DEPOSITS DECREASED

DEPOSITS DECREASED



260

ID CONDITION OF GLASS
NO O C MIRROR BACKING

172 X C NO CHANGE

886 Y E

919 X E

1220 Y C PEELED,CORRODED

11323 YD

1347 X D

TABLE €-88

SURFACE DESCRIPTIONS CF MIRROR SPECIMENS
CATERPILLAR TRACTOR CC., SAN LEANDRO, CA
FIVE MONTH ENVIRONMENTAL EXPOSURE

SMMFLE RETRIEVAL DATE, @7 OCT 1984
SURFACE CESCRIPTION BEFORE MCGEAN CB12¢ CLEANING

PARTICULATE DEPOSITS
PITS CONTAINING 2ARTICULATE DEPOSITS
PARTICULATE DE20SITS, PUDDLE-SHAPED
PARTICULATE DE20SITS

ABRASION; PARTICULATE DEPOISTS

ABRASION:PARTICULATE DEPOSITS

SURFACE DESCRIPTION AFTER
CB129 CLEANING

DEPOSITS DECREASED
DEPOSITS DECREASED

PITS CONTAINING DEPOSITS
DEPOSITS DECREASED
ABRASION;DEPOSITS DECREASED

DEPOSITS DECREASED



£6-0

D CONDITION OF GLASS
NO O C MIRROR BACKING

887 Y E

911 X E

1113 X B SILVER CORRCDED
1121 Y B PEELED,CORRODED
1324 YD

1348 X D

TABLE C-89

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS
CATERPILLAR TRACTOR CO., SAN LEANDRO, CA
SIX °~ MONTH ENVIRONMENTAL EXPOSURE

SAMPLE RETRIEVAL DATE, @7 NOV 1980
SURFACE DESCRIPTION BEFORE MCGEAN CB12f CLEANING

SURFACE AND PITS HAVE PARTICULATE DEPOSITS
SURFACE AND PITS HAVE .PARTICULATE DEPOSITS
PARTICULATE DEPOSITS
PARTICULATE DEPOSITS
PARTICULATE DEPOSITS

ABRASION; PARTICULATE DEPOSITS, PUDDLE-SHAPED

SURFACE DESCRIPTION AFTER
CB12@ CLEANING

DEPOSITS DECREASED
DEPOSITS DECREASED
DEPOSITS DECREASED
DEPOSITS DECREASED

CLEAN

ABRASION;DEPOSITS DECREASED



62

ID CONDITICN OF GLASS
NO O C MIRROR BACKING

TABLE C-90

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS
CATERPILLAR TRACTOR CO., SAN LEANDRO, CA
SEVEN MONTH ENVIRONMENTAL EXPOSURE

SAMPLE RETRIEVAL DARTE, @7 DEC 1980

SURFACE DESCRIPTION BEFCORE MCGEAN CB12¢ CLEANING

98 X ‘A EDGE AND CENT=R CORROSICN PARTICULATE DEPOSITS A -

888 Y E
912 X E
1002 Y A EDGE CORROSICM
1349 X D
1412 Y F

1414 X F

SURFACE AND PITS CONTAIN PARTICULATE CEPCSITS
PITS CONTAINING PARTICULATE DEPOSITS
PARTICULATE DEPOSITS

ABRASION; PARTICULATE DEPOSITS

PARTICULATE DEPOSITS

PARTICULATE DEPOSITS, PUDDLE-SHAPED

SURFACE DESCRIPTION AFTER
CB12¢) CLEANING

DEPOSITS DECREASED

DEPOSITS DECREASED

DEPOSITS DECREASED

DEPOSITS DECREASED

ABRASION; DEPOSITS DECREASED
DEPOSITS DECREASED

DEPOSITS DECREASED



560

)

> O

174 X
B89 Y
933 X

1219 ¥

1326 ¥

1350 X

o

" CONDITION OF GLASS
C MIRROR BACKING
C NO CHANGE
E
E

C NO CHANGE

o

TABLE C-91

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS
CATERPILLAR TRACTCR CO., SAN LEANDRO, CA
EIGHT MONTH ENVIRONMENTAL EXPOSURE

SAMPLE RETRIEVAL DATE, @7 JAN 1981
SURFACE DESCRIPTION BEFORE MCGEAN CB122 CLEANING

PARTICULATE DEPOSITS

SURFACE AND PITS HAVE PARTICULATE DEPOSITS
PITS CONTAINING PARTICULATE DEPOSITS
PARTICULATE DEPOSITS

ABRASION; PARTICULATE DEPOSITS

ABRASION; PARTICULATE DEPOSITS

SURFACE DESCRIPTION AFTER
CB12¢ CLEANING

DEPOSITS DECREASED

. DEPOSITS DECREASED

DEPOSITS DECREASED
CLEAN
ABRASION;DEPOSITS DECREASED

ABRASION;DEPOSITS DECREASED



960

ID
NO
898
992
931
llbl
1116
1120
1327
1339

1351

CONDITION OF GLASS
MIRROR BACKING

PEELED,EDGE CORRODED
PEELED,EDGE CJRRODED

PEELED, EDGE CJRRODED

TA3LE C-92

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS
CATERPILLAR TRACTOR CO., SAN LEANDRO, CA
NINE  MONTH ENVIRONMENTAL EXPOSURE

SEMPLE RETRIEVAL DATE, @7 FEB 1981
SURFACE DESCRIPTION BEFORE MCGEAMN CB12#) CLEANING

PITS AND SURFACE HAVE PARTICULATE DEPOSITS
PITS AND CRACKS,CIRCULAR PATTERN '

PITS CONTAINING PARTICULATE DEPOSITS
PARTICULATE DEPOSITS

PARTICULATE DEPOSITS

PARTICULATE DEPOSITS

ABRASION; PARTICULATE DEPOSITS
ABRASION:PARTICULATE DEPOSITS

PARTICULATE DEPOSITS

SURFACE DESCRIPTION AFTER
CB12¢1 CLEANING

DEPOSITS DECREASED

NO CHANGE

DEPOSITS DECREASED
DEPOSITS DECREASED

CLEAN

DEPOSITS DZCREASED

ABRASION;DEPOSITS DECREASED

ABRASION;DEPOSITS DECREASED

DEPOSITS DECREASED



L6-D

ID

NO
97
869
891
963
1903
1p07
1328
1340
1352

TABLE C-93

" SURFACE DESCRIPTIONS OF MIRROR SPECIMENS

CATERPILLAR TRACTOR CO., SAN LEANDRO, CA

TEN

MONTH ENVIRONMENTAL EXPOSURE

SAMPLZ RETRIEVAL DATE, @7 MAR 1981

CONDITION OF GLASS
0 C MIRROR BACKING
X A BLISTERED,EDGE CORRODED
X E
YE
ZE
Y A BLISTERED, EDGE CORRODED
Z A CHIPPED,EDGE CORROSION
Y D ‘
ZD

XD

SURFACE DESCRIPTION BEFORE MCGEAN CB12@ CLEANING

PARTICULATE DEPOSITS

SURFACE & PITS HAVE PARTICULATE DEPOSITS
SURFACE & PITS HAVE PARTICULATE DEPOSITS
PITS CONTAINING CRYSTALLINE DEPOSITS
PARTICULATE DEPOSITS

PARTICULATE DEPOSITS

ABRASION, PARTICULATE DEPOSITS

ABRASION, PARTICULATE DEPOSITS

ABRASION, PARTICULATE DEPOSITS

SURFACE DESCRIPTION AFTER
CB120 CLEANING

DEPOSITS DECREASED

DEPOSITS DECREASED

DEPOSITS DECREASED

DEPOSITS DECREASED

DEPOSITS DECREASED

CLEAN -
ABRASION, PARTICULATE DEPOSITS
ABRASION

ABRASION,DEPOSITS DECREASED



86-0

ID
NO
169
801
964
1214
1218
1329
1341

1353

CONDITICN OF GLASS
MIRROR BACKING:

TABLE C-94

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS
CATERPILLAR TRACTOR CO., SAN LEANDRO, CA
ELEVEN MONTH ENVIRONMENTAL EXPOSURE

SAMPLE RETRIEVAL DATE, 7 APR 1931

' SURFACE DESCRIPTION BEFORE' MOGEAN CB120 CLEANING

BLISTERED,EDGE CORROSION PARTICULATE DEPOSITS

EDGE CORROSION -

EDGE CORROSION

CLOUDY, EXTENSIVE PARTICULATE DEPCSITS

PITS CONTAINING CRYSTALLINE DEPOSITS
PARTICULATE DEPOSITS

PARTICULATE DEPOSITS

ABRASION, PARTICULATE DEPOSITS, CIFCULAR‘ PATTERN
ABRASION,FARTICULATE DEPOSITS

PARTICULATE DEPOSITS

SURFACE DESCRIPTION AFTER
CB120 CLEANING

DEPOSITS DECREASED

PITS CONTAINING DEPOSITS
DEPOSITS DECREASED

CLEAN

DEPOSITS DECREASED
DEPOSITS DECREASED
DEPOSITS DECREASED

DEPOSITS DECREASED



660

ID
NO
893
W5
932
1100
1118
1119

1339

1335

1354

1410

1415°

0

CONDITICN OF GLASS
MIRROR EACKING

NO CHANGE
PEELED, EDGE CORROSION

PEELED, EDGE CORROSION

TABLE 2-95

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS
CATERPILLAR TRACTOR CO., SAN LEANDRO, CA
TWELVE MONTH ENVIRONMENTAL EXPOSURE

SAMPLE RETRIEVAL DATE, @7 MAY 1981
SURFACE DESCRIPTION BEFORE MCGEAN CB12@ CLEANING

SURFACE AND PITS HAVE PARTICULATE DEPOSITS
SURFACE AND PITS HAVE PARTICULATE DEPOSITS
PITS CONTAINING PARTICULATE DEPOSITS
PARTICULATE DEPOSITS .
PARTICULATE DEPOSITS

PARTICULATE DEPOSITS

ABRASION; PARTICULATE DEPOSITS

ABRASION; PARTICULATE DEPOSITS

ABRASION; PARTICULATE DEPOSITS

ABRASION

ABRASION; PARTICULATE DEPCSITS

SURFACE DESCRIPTION' AFTER
CB12# CLEANING

EXTENSIVE PITTING

DEPOSITS DECREASED

SMALL PITS

DEPOSITS DECREASED

CLEAN

DEPOSITS DECREASED
ABRASION;DEPOSITS DECREASED
ABRASION

ABRASION;DEPOSITS DECREASED
NO CHANGE

ABRASION;DEPOSITS DECREASED



001-2

D
NO
919
934
946
1213
1021
1204
1307
1355

1367

1402

CONDITION OF CLASS
O C MIRROR BACKING

X A NO CHANGE

Y A NO CHANGE

Z C NO CHANGE

TAELE C-96

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS
BATES. CONTAINER CORP., FGRT WORTH, TX
ONE MONTH ENVZRONMENTAL EXPOSURE

SMMPLE RETRIEVAL DATE, 0% JUN 193¢
SURFACE DESCRIPTION BEFORE MCGEAN CB12¢ CLEANING

PARTICULA_']'E DEPOSITS
PARTICULATE DEP@SITS
CLEAN

PARTICULATE DEFPOSITS
CLEAN

CLEAN

PARTICULATE DEFOSITS
PARTICULP"]IE: DEFOSZTS
ABRASION

PARTICULATE DEFOSZTS

SURFACE DESCRIPTION AFTER
CB12¢ CLEANING

CLEAN
CLEAN

CLEAN

" CLEAN

CLEAN

CLEAN

NO CHANGE

DEPOSITS DECREASED



10L-0

ID
NO
920
935
947
lﬂi')
1200
1208

1308

1356

1368
1409

1401

CONDITION OF GLASS
MIRROR BACKING

NO CHANGE
NO CHANGE

NO CHANGE

TABLE C-97

SURFACE DESCRIPTIONS' OF MIRROR SPECIMFNS
BATES CONTAINER CORP., FORT WORTH, TX
TWO -~ MONTH ENVIRONMENTAL EXPOSURE

SAMPLE RETRIEVAL DATE, %9 JUL 1989
SURFACE DESCRIPTION BEFORE MCGEAN CB12¢ CLEANING

ABRASION

CLEAN

CLEAN

CLEAN

PARTICUT.ATE DEPOSITS
PARTICULATE DEPOSITS

ABRASvION ;PARTICULATE DEPOSITS
ABRASTON; PARTICULATE DEPOSITS
ABRASION . .
PARTICULATE DEPOSITS

PARTICULATE DEPOSITS

SURFACE DESCRIPTION AFTER
CB12¢ CLEANING

NO CHANGE

CLEAN

'GLEAN

CLEAN

DEPOSITS DECREASED

CLEAN

DEPOSITS DECREASED
ABRASION;DEPOSITS DECREASED |
NO CI';ANGE

DEPOSITS DECREASED

DEPOSITS DECREASED -



2ol

D
NO
921
936
948
1102
1106
1110
1309
1357
1369
1405

CONDITION OF GLASS
O C MIRROR BACKING

Y B PEELED
Z B NO CHANGE

X B NO CHANGE

_ TABLE C-98

SURFACE DESCRIP;PIJNS OF MIRROR SPECIMENS
BATES CONTAINER CORP., FORT WORTH, TX
THREE MONTH ENVIRONMENTAL EXPOSURE 4

SKMPLE RETRIEVAL DATE, A9 AUG 1980
SURFACE DESCRIPTION BEFORE MCGEAM CB123 CLEANING

CLEAN

ABRASTON

CLEAN

CLEAN

CLEAN

PARTICULATE DEIPOSI'I‘S~

ABRASION

ABRASION

ABRASION; PARTICUTATE DEPOSITS

ABRASION; PARTICULATE DEPOSITS

SURFACE DESCRIPTION AFTER
CB12@ CLEANING

CLEAN

NO CHANGE

CLEAN

CLEAN

" . CLEAN

CLEAN

NO CHANGE
NO CHANGE
ABRASION

ABRASION; DEPOSITS DECREASED



€010

922 X
937Y
949 Z
1811 X
1712 X
1016 2
1020 Y
1310 X
i358 Y

1378 2

CONDITZION OF GLASS

N0 O C MIRROR BACKING

NO CHANGE
NO CHANGE
NO CHANGE

NO CHANGE

TABLE C-99

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS
BATES CONTAINER CORP., FORT WORTH, TX
FOUR MONTH ENVIRONMENTAL EXPOSURE

SAMPLE RETRIEVAL DATE, 09 SEP 1980
SURFACE DESCRIPTION BEFORE MOGEAN CB128 CLEANING

PARTICULATE DEPOSITS

PARTICULATE DEPOSITS, PUDDLE—SHAPED
PARTICULATE DEPOSITS

PARTICULATE DEPOSITS

PARTICULATE DEPOSITS

CLEAN

PARTICULATE DEPOSITS

ABRASION; PARTICULATE DEPOSITS
ABRASION; PARTICULATE DEPOSITS

ABRASION; PARTICULATE DEPOSITS

SURFACE DESCRIPTION AFTER
CB120 CLEANING

CLEAN

" CLEAN

DEPOSITS DECREASED

CLEAN

CLEAN

CLEAN

CLEAN

ABRASION;DEPOSITS DECREASED
ABRASION

ABRASION



v0L-D

TABLE C-100

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS
BATES CONTAINER CORP., FORT WORTH, TX
FIVE MONTH ENVIRONMENTAL EXPOSURE

SAPMPLE RETRIEVAL DATE, @ OCT 1980

D CONDITION OF GLZSS ' SURFACE DESCRIPTION AFTER
NO O C MIRROR BACKIMNG SURFACE DESCRIPTION BEFORE MCGEAN CB12¢) CLEANING CB12¢ CLEANING

923 X E ' CLOUDY, OVERLAPPED CIRCULAR PARTICULATE DEPOSITS DEPOSITS DECREASED

938 Y E PARTICULATE DEPOSITS DEPOSITS DECREASED °

950 Z E CLOUDY, EXTENSIVE PARTICULATE DEPJSITS DEPOSITS DECREASED

1201 Y C CHIPPED PARTICULATE DEPOSITS CLEAN

1205 Z C NO CHANGE CLEAN ' CLEAN

1209 X C NO CHANGE  PARTICULATZ DEPOSITS ) DEPOSITS DECREASED

1311 X D ABRASION ; PARTICULATE DEPOSITS ABRASION;DEPSOITS DECREASED
1359 Y D | ' ABRASION ; PARTICU.ATE DEPOSITS A ABRASION;DEPOSITS DECREASED
1371 2z D ABRASION NO CHANGE



SoL-0

D

N0 O
924 X
939.Y
951 2
1103 Y
1111 X
i300 2z
1312 X

1360 Y

C

CONDITION OF GLASS
MIRRCR BACKING

NO CHANGE

NO CHANGE

TABLE C-101

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS
BATES CONTAINER CORP., FORT WORTH, TX
SIX MONTH ENVIRONMENTAL. EXPOSURE

SAMPLE RETRIEVAL DATE, @9 NOV 1980
SURFACE DESCRIPTION BEFORE MCGEAN CB12f CLEANING

ABRASION; PARTICULATE DEPOSITS
PARTICULATE DEPOSITS

CLOUDY, EXTENSIVE PARTICULATE DEPOSITS
PARTICULATE DEPOSITS

ABRASION
" ABRASION

ABRASION; PARTICULATE DEPOSITS

ABRASION; PARTICULATE DEPOSITS

SURFACE DESCRIPTION AFTER
CB12A CLEANING

ABRASION

CLEAN

CLEAN

DEPbSITS DECREASED

NO CHANGE

NO CHANGE

DEPOSITS DECREASED

ABRASION



901-2

IDl
NO O
913 Z
925 X
940 Y
1915 2
1211 X
1019 ¥
1301 z
1313 X
1361 Y

1403 Y

CONDITION OF GLASS
MZRROR BACKING

NO CHANGE

NO CHANGE

NO CHANGE

TABLE C-102

SURFACE DESCRIPIIONS OF IRROR SPECIMENS
BATES CONTAINER CORP., FORT WORTH, TX
SEVEN MONTH ENVIRONMENTRL EXPOSURE

SAMFLE RETRIEVAL DATE, @ DEC 1980
SURFACE [ESCRIPTION BEFORE MCGEAN CB128 CLEANING

PARTICULATE DEPOSITS, CIRCULAR PATTERN
PARTICULATE DEPOSITS, PUDDLE-SHAPED

CLOUDY; EXTENSIVE PARTICULATE DEPOSITS
PARTICULATE DEPOSITS

PARTICULATE DEPOSITS

PARTICULATE DEPOSITS

ABRASION; PARTICULATE DEPOSITS, CIRCULAR PATTZRN
ABRASION; PARTICULATE DEPOSITS

ABRASION; PARTICULATE DEPOSITS

ABRASION; PARTICILATE DEPOSITS

SURFACE DESCRIPTION AFTER
CB12@ CLEANING

DEPOSITS DECREASED

DEPOSITS DECREASED

DEPOSITS DECREASED

CLEAN

CLEAN

DEPOSITS DECREASED

ABRASION

ABRASION; DEPOSITS DECREASED
ABRASION; DEPOSITS DECREASED

ABRASION; DEPOSITS DECREASED



L01-D

ol
ND
914
926
941
1202
1206
1210
1302
1314
1362

14064

ocC

N3
o

o o

&

CONDITION OF GLASS
MIRROR BACKING

NO CHANGE
NO CHANGE

CENTER CORROSION

TABLE C-103 )

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS
BATES CONTAINER CORP., FORT WORTH, TX
EIGHT MONTH ENVIRONMENTAL EXPOSURE

SAMPLE RETRIEVAL DATE, #9 JAN 1981
_ SURFACE DESCRIPTION BEFCRE MOGEAN CB12 CLEANING

PARTICULATE DEPOSITS

PARTICULATE DEPOSITS,CIRCULAR PATTERN
CLOUDY, EXTENSIVE PARTICULATE DEPOSITS
PARTICULATE DEPOSITS

PARTICULATE DEPOSITS

PARTICULATE DEPOSITS

ABRASION; PARTICULATE DEPOSITS
ABRASION; PARTICULATE DEPOSITS
ABRASION; PARTICULATE DEPOSITS

CLEAN

SURFACE DESCRIPTION AFTER
CB120 CLEANING

PITS AND CRACKS,CIRCULAR PATTERN
DEPOSITS DECREASED |
CLEAN

DEPOSITS DECREASED

CLEAN

DEPOSITS DECREASED

ABRASION

ABRASION;DEPOS ITS DECREASED
ABRASION;DEPOSITS DECREASED

CLEAN



80L-2

ID
NO
915
927
942
1104
1108
1112
1323
1315

1363

CONDITION OF GLASS

C MIRROR BACKING

E

B

B NO CHANGE

B PEELED

D

D

TRBLE. C-104

SCRFACE DESCRIPTIONS OF MIRROR SPECIMENS
BATES CONTAINER CORP., FORT WORTH, TX
NINE  MONTH ENVIRONMENTRAL EXPOSURE

SAMPLE RETRIEVAL DATE, ¢© FEB 1981
SURFACE DESCRIPTION BEFORE MCGEAN CB12@ CLEANING

PARTICULATE DEPOSITS
PARTICULATE DEPOSITS
PARTICULATE DEPOSITS
PARTICULATE DEPOSITS
PARTICULATE DEPOSITS
PARTICULATE DEPOSITS
ABRASION, PARTICULATE DEPOSITS
ABRASION, PARTICULATE DEPOSITS

ABRASION, PARTICULATE DEPOSITS

SURFACE DESCRIPTION AFTER
CB12@¢ CLEANING

DEPOSITS DECREASED

" DEPOSITS DECREASED

CLEAN, CLCUDY AT DEPCSIT SITES
CLEAN

CLEAN

CLEAN

ABRASION °

NO CHANGE

ABRASION,DEPOSITS DECREASED



601-0

I
N2

1410

1814

1918

1304

1316

1364

CONDITION OF GLASS
0 C MIRROR BACKING
ZE

X E

YE

X A BLISTERZD

Z A NO CHANGE

Y A NO CHANGE

ZD

X D

YD

TABLE C-105

SURFACE DESCRIPTIONS OF MIRROR SPECIMENS
BATES CONTAINER CORP., FORT WORTH, TX
TEN MONTH ENVIRONMENTAL EXPOSURE

SAMPLE RETRIEVAL DATE, @9 MAR 1981

SURFACE DESCRIPTION- BEFORE MCGEAN CB12@ CLEANING

PITS AND CRACKS,CIRCULAR PATTERN
CLOUDY, EXTENSIVE PARTICULATE DEPOSITS
CLOUDY,EXTENSIVE PARTICULATE DEPOSITS
PARTICULATE DEPOSITS

PARTICULATE DEPOSITS

PARTICULATE DEPOSITS
ABRASION,‘PARTICU[ATE DEPOSITS
PARTICULATE DEPOSITS,CIRCULAR PATTERN

ABRASION, PARTICULATE DEPOSITS

. SURFACE DESCRIPTION AFTER

CB120 CLEANING

SMALL PITS

DEPOSITS DECREASED

DEPOSITS DECREASED

DEPOSITS DECREASED

CLEAN

DEPOSITS DECREASED
ABRASION

ABRASION;DEPOSITS DECREASED

ABRASTON;DEPOSITS DECREASED



0i1-2

ID
NO
917
929
944
1203
1207
1211
13095
1317

1365

(@]

CONDITION OF GLASS
MIPROR BACKINC

CENTER CORROSION
NO CHANGE

NO CHANGE

TABLE -106

SURFECE DESCRIPTIONS OF MIRROR SPECIMENS
BATES CONTAINER COR?,, FORT WORTH, TX
ELEVEN MONTH ENVIRONMENTAL EXPOSURE

SAMPLE RETRIEVAL DATE, @9 APR 1981
SURFACE DESCRIPTION BEFORE MCGEAN CB12@ CLEANING

PARTICULATE DEPOSITS
CLOUDY, EXTENSIVE PARTICULATE DEPOSITS
CLOUDY, EXTEMSIVE PARTICULATE DEPOSITS
- PARTICULATE DEPOSITS

PARTICULATE DEPOSITS

PARTICULATE DEPOSITS

ABRASION; PARTICULATE DEPOSITS
ABRASION; PARTICULATE DEPOSITS

ABRASION; PARTICULATE DEPOSITS

SURFACE DESCRIPTION AFTER
CB12¢ CLEANING

DEPOSITS DECREASED

DEPOSITS DECREASED
CLEAN;CLOUDY AT DEPOSIT SITES
CLEAN

CLEAN

CLEAN

ABRASION

ABRASION;DEPOSITS DECREASED

ABRASION;DEPOSITS DECREASED



111D

ID CONDITION OF GLASS
NO O C MIRROR BACKING
918 Z E
936 X E
945 Y E
1105 Y B NO CHANGE
1213 X C NO CHANGE
1306 z D
1318 X D
1366 Y D
1406 Y F
1407 Z F

1408 X F

TABLE C-107

SURFA(.Z‘E DESCRIPTIONS OF MIRROR SPECIMENS
BATES CONTAINER CORP., FORT WORTH, TX
TWELV= MONTH ENVIRONMENTAL EXPQSURE
SAMPLE RETRIML DATE, @9 MAY 19581

- ’ ’ SURFACE DESCRIPTION AFTER
SURFACE DESCRIPTION BEFORE MCGEAN CB12@ CLEANING CB12¢ CLEANING

PARTICULATE DEPOSITS 4 | ' . CLEAN
CLOUDY,EXTENSIVE PARTICULATE DEPOSITS DEPOSITS DECREASED
CLOUDY, EXTENSIVE PARTICULATE DEPOSITS CLEAN;CLOUDY AT DEPOSIT SITES
ABRASION; PARTiCU[ATE DEPOSITS CLEAN
PARTICULATE DEPOSITS DEPOSITS DECREASED
ABRASION NO CHANGE
ABRASION; PARTIC UL..P;TE DEPOSITS ABRASION; DE‘POS ITS DECREASED
' CLOUDY ,EXTENSIVE PARTICULATE DEPOSITS ABRASION;DEPOS I’I’S DECREASED
ABRASION; PARTICULATE DEPOSITS ' ABRASION;DEPOSITS DECREASED

ABRASION NO CHANGE

ABRASION; PARTICULATE DEPOSITS . ABRASION;DEPOSITS DECREASED



. Appendix D

. Hemispherical Reflectance Measurements

for Solar Reflectors

Plot Legend

X - 45°, upward tilt

Y -~ Horizontal, faceup

Z - Horizontal, facedown
Line type Soiled reflectors

Line type —--- Cleaned reflectors
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FRACTION OF ORIGINAL HEMISPHERICAL REFLECTANCE

FRACTION DF ORIGINAL HEMISPHERICAL REFLECTANCE

FIGURE D1 .

PLOT OF OPTICAL PROPERTIES OF COLLECTOR
SPECIMENS V8 EXPOSURE DURATION
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FRACTION OF ORIGINAL HEMISPHERICAL REFLECTANCE
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FRACTION OF ORIGINAL HEMISPHERICAL REFLECTANCE
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AppendixAE
Bar Plots of Specular

Reflectance Losses Versus

Exposure Duration
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The bar plots show the relative reflector specimen distribution as
a function of the decrease in specular reflectance measurements. The popula-
tion of the réflec;or specimen is calculated as a fraction of the total
number of specimen and the X-axis is the percent loss in specular reflectance
calculated by subtracting the fraction of original specular reflectance from

one and multiplying the value obtained by 100.
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FIGURE E9 . PLOT OF FRACTION OF TOTAL IN EACH COMPOSITION
VS PERCENTAGE LOSS IN SPECULAR REFLECTIVITY

E-7

1.9
8.9
8.81 .
FEK-244 - SOILED
8.7 o RESULTS OF TWO MONTH SAMPLES
. TOTAL 34,
8.61
8.5
0.4.r
8.3
8.24
.1 {] []
z.n_ﬂ, ﬂﬂnﬂ | o | .
R R R EE- TR
- = N NN M M ¢ < IDWD O O N O DD
< O 1 1 ] ) | 1 ) ] { L4 ] | ] ] 1 | ]
1 1 8 1h 8 0 8 10D 8§ 1IN 8 IN & I 8& I 8 10D & D
B I~ —~ N N M M < < 0D I0D ©C © 5 &~ ©® ©® O O
FRACTION OF ORIGINAL SPECULAR REFLECTANCE LOST (PERCENT)
FIGUREE10 , PLOT OF FRACTION OF TOTAL IN EACH COMPOSITION
VS PERCENTAGE LOSS IN SPECULAR REFLECTIVITY
‘1.8
2.9 '
8.8 4
FEK-244 — CLEANED
8.7 F— ' RESULTS OF TWO MONTH SAMPLES
TOTAL 34
8.6}
8.5
8.4}
8.3
8.23
8.1
2.0 [-] 1 [_] M 1
()
< OO ¢ O ¢ OO X O ¢ O Y O O ¢ DA
- = NN MM < N IN O O D DO G -
- T R T R T Y 1 A e A A A N N Y Y N |
I 1 8 I 8 I 8 N 8 D8 N B IN 8 W8 W08 W
0| I — ~ N N MM <T <N WO OO OB O O DD
FRACTION OF ORIGINAL SPECULAR REFLECTANCE LOST C(PERCENT)



VS PERCENTAGE LOSS IN SPECULAR REFLECTIVITY

FIGURE Ell, PLOT OF FRACTION OF TOTAL IN EACH COMPOSITION
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VS PERCENTAGE LOSS .IN SPECULAR REFLECTIVITY

FIGURE 61‘3 . PLOT OF FRACTION OF TOTAL IN EACH COMPOSITION
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PLOT OF FRACTION OF TOTAL IN EACH COMPOSITION
VS PERCENTAGE LUSS IN SPECULAR REFLECTIVITY

FIGURE E15.
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PLOT OF FRACTION OF TOTAL IN EACH COMPOSITION

VS PERCENTAGE LOSS IN SPECULAR REFLECTIVITY

FIGURE E17 .
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FIGURE £19. PLOT OF FRACTION OF TOTAL IN EACH COMPOSITION
VS PERCENTAGE LDSS IN SPECULAR REFLECTIVITY

RESULTS OF FOUR MONTH SAMPLES
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FIGURE E2). PLOT OF FRACTION OF TOTAL IN EACH COMPOSITION

VS PERCENTAGE LOSS IN SPECULAR REFLECTIVITY
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FIGURE E23 , PLOT OF FRACTION OF TOTAL IN EACH COMPOSITION
VS PERCENTAGE LOSS IN SPECULAR REFLECTIVITY
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PLOT OF FRACTION OF TOTAL IN EACH COMPOSITION
VS PERCENTAGE LOSS IN SPECULAR REFLECTIVITY

FIGURE E25 ,
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FIGURE E26. PLOT OF FRACTION OF TOTAL IN EACH COMPOSITION

VS PERCENTAGE LOSS IN SPECULAR REFLECTIVITY
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FRACTION OF TOTAL IN EACH COMPOSITION

FRACTION OF TOTAL IN EACH COMPOSITION

FIGURE £27 . PLOT OF FRACTION OF TOTAL IN EACH COMPOSITION

VS PERCENTAGE LOSS IN SPECULAR REFLECTIVITY
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FIGURE E29. PLOT OF FRACTION OF TOTAL IN EACH COMPOSITION

VS PERCENTAGE LOSS IN SPECULAR REFLECTIVITY
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FRACTION OF TOTAL IN EACH COMPOSITION

FRACTION OF TOTAL. IN EACH COMPOSITION

FIGURE E31 . PLOT OF FRACTION OF TOTAL IN EACH COMPOSITION
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FRACTION OF TOTAL IN EACH COMPOSITION

FRACTION OF TOTAL IN EACH COMPOSITION

FIGURE £33, PLOT OF FRACTION OF TOTAL IN EACH COMPOSITION

VS PERCENTAGE LOSS IN SPECULAR REFLECTIVITY
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PLOT OF FRACTION OF TOTAL IN EACH COMPOSITION
VS PERCENTAGE LOSS IN SPECULAR REFLECTIVITY

FIGURE €35.
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FIGURE £37.

PLOT OF FRACTION OF TOTAL IN EACH COMPOSITION
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ﬂﬂfll"

GLASS ~ SOILED
TOTAL 24

nanllalll

ga1-58
v6-08
£68-58
v8-98
6L-5L
vi-0L
69-59
. ¥9-08
65~-5S
¥5-8S
6y-Sy
vv-gv

YE-DE
g2-62
v2-82
61-51
¥1-81

6-5

-8

1.8

8.6
@.2
8.1
2.8

]
L]

8.41

] ~ n
o T L]

NOILISOdROZ HIV3 NI TVIOL JO NOILIVYY

6E-GE .

FRACTION OF ORIGINAL SPECULAR REFLECTANI:E LOST (PERCENT)

-

PLOT OF FRACTION OF TOTAL IN EACH COMPOSITION

VS PERCENTAGE LOSS IN SPECULAR REFLECTIVITY

FIGURE E38 .
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FRACTION OF TOTAL IN EACH COMPOSITION

FRACTION OF TOTAL IN EACH COMPOSITION

FIGURE E39. PLOT OF FRACTION OF TOTAL IN EACH COMPOSITION
VS PERCENTAGE L0OSS IN SPECULAR REFLECTIVITY
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PLOT OF FRACTION OF TOTAL IN EACH COMPOSITION
VS PERCENTAGE LOSS IN SPECULAR REFLECTIVITY
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PLOT OF FRACTION OF TOTAL IN EACH COMPOSITION
V8 PERCENTAGE LOSS IN SPECULAR REFLECTIVITY
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VS PERCENTAGE LOSS IN SPECULAR REFLECTIVITY

FIGURE £45 . PLOT OF FRACTION OF TOTAL IN EACH COMPOSITION

¥6-28 , : . 1

v8-28
6L-SL

n_Mn nm I—I

FEX-244 - SOILED

RESULTS OF EIGHT MONTH SAMPLES
TOTAL

FEX-244 —- CLEANED

RESILTS OF EIGHT MONTH SAMPLES
TOTAL 23

VS PERCENTAGE LOSS IN SPECULAR REFLECTIVITY

. PLOT OF FRACTION OF TOTAL IN EACH COMPOSITION

ﬂﬂﬂqﬂ |

I
2
FRACTION OF ORIGINAL SPECULAR REFLECTANCE LOST (PERCENT

001-S8 . 182158

E-25

FRACTION OF ORIGINAL SPECULAR

61-S1 (|
v1-81 —
6-S 2 — 1
| — e ¥ C
o o© nw n T ™ N = ®@ e @ o aw ~ @ 1 e ™M N -~
d o & & &8 & o &8 o o -~ &8 o8 o & &8 &8 o o o o

NOILISO4WOD HIV3 NI TVIOL 40 NOILOVMG NOILISOdWOD HIYA NI TVIOL 40 NOILOVAd4



PLOT OF FRACTION OF TO+AL IN EACH COMPOSITION

VS8 PERCENTAGE LOSS IN SPECULAR REFLECTIVITY

FIGURE £47.,
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PLOT OF FRACTION OF TOTAL IN EACH COMPOSITION

VS PERCENTAGE LOSS IN SPECULAR REFLECTIVITY

FIGURE £49.

[Jee1-s8 \ear-se

¥6-28 ¥6-08

88-58 68-58

¥8-08 , v8-88

6L-SL 6L-SL

w vL-0L z vi-8L

m 69-58 G | mm m 68-50

4 ] ve-@9 Mm m v8-28

13 =l B . os-55

' @ ) vS-0s m mm m w 2 ¥5-85

w m B (] sv-s¥ m_._ 'R 4 u?m.v

vv-ov m 52 143 ] v+-ov

(] 6€-SE . W BE-SE

ve-gE g mm yE-gE

[—]62sz & 33 62-52

] ve-e2 M ww ve-g2

[ et-st 5 mm. [ e1-st

C—] -2t § ) ] v1-et

-5 m 2 C 8-5

] v-8 m — v-2
® ® ® -~.©® W <+« ® 2 - @ “ ® o h ~ nw. n 4 ™ 2 - =
4 & 8§ &8 &8 8§ &8 & o & o 4 &8 8§ 8 8§ &8 8§ & & § &

NDOILISOJdNOD HOV3 NI Ivi0L &0 ZOuhuE. . R NOILISOdWOI HOV3 NI TVLIOL 40 NOILJVHd

E-27

CULAR REFLECTANCE LOST (PERCEND

SPE!

FRACTION OF ORIGINAL



FRACTION OF TOTAL IN EACH COMPOSITION
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FIGURE £51. PLOT OF FRACTION OF TOTAL IN EACH COMPOSITION
VS PERCENTAGE LOSS IN SPECULAR REFLECTIVITY
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FIGURE €55 . PLOT OF FRACTION OF TOTAL IN EACH COMPOSITION

VS PERCENTAGE LOSS IN SPECULAR REFLECTIVITY
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FIGURE €57 . PLOT OF FRACTION OF TOTAL IN EACH COMPOSITION
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FIGURE €S9, PLOT OF FRACTION OF TOTAL IN EACH COMPOSITION
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FIGURE E61 . PLOT OF FRACTION OF TOTAL IN EACH COMPOSITION

VS PERCENTAGE LOSS IN SPECULAR REFLECTIVITY
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FIGURE t63. PLOT OF FRACTION OF TOTAL IN EACH COMPGCSITION
VS PERCENTAGE LOSS IN SPECULAR REFLECTIVITY
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FIGURE €67 . PLOT OF FRACTION OF TOTAL IN EACH COMPOSITION

VS PERCENTAGE LOSS IN SPECULAR REFLECTIVITY
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FIGURE E69. PLOT OF FRACTION OF TOTAL IN EACH COMPOSITION

VS PERCENTAGE LOSS IN SPECULAR REFLECTIVITY
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FIGURE €70. PLOT OF FRACTION OF TOTAL IN EACH COMPOSITION
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FIGURE E71. PLOT OF FRACTION OF TOTAL IN éACH COMPQSITION
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